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A. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATI  ON

1. INTRODUCTION

A 1.1 Inthe ongoing debates over the need totiiyenew sources of energy and to reduce the
emissions of green house gases, countries aroensldiid have explored the use of various
alternative gases as fuels, including compressedalaas, liquefied propane gas, and
hydrogen. Hydrogen has emerged as one of the mmsiging alternatives due to its virtual zero
emission. In the late 1990’s, the European Commuatibcated resources to study the issue
under its European Integrated Hydrogen Projectfarvdarded the results, two ECE-drafts for
compressed gaseous and liquefied Hydrogen, to UN-BGew years later, the United States
outlined a vision for a global wide initiative, th&ernational Partnership on the Hydrogen
Economy, and invited Japan, European Union, CliRugsia and many other countries to
participate in this effort.

» SGS-8 Germany comment #3: text in yellow

A.1.2 For decades scientists, researchers ambeusts have pointed to hydrogen, in both
compressed gaseous and liquid forms, as a possibtidate as an alternative to gasoline and
diesel as vehicle fuel. Ensuring the safe use dfdgen as fuel is a critical ingredient in the
world economies successfully transitioning to arbgeén economy. By their nature, all fuels
present an inherent degree of danger due to thergg content. The safe use of hydrogen,
particularly in the compress gaseous form, ligsreventing catastrophic failures due to volatile
combination of fuel, ambient air and ignition se@sdut also due to pressure and electric
hazards.

» SGS-8 Germany comment #4: text in yellow

A.1.3 The governments have identified developna¢inégulations and standards as one of the
key requirements for a long-term promotion in conuiadization of hydrogen-powered

vehicles. Regulations and standards will help ow@e technological barriers to
commercialization, facilitate manufacturers’ invastt in building hydrogen-powered vehicles
and facilitate public acceptance by providing aesystic and accurate means of assessing and
communicating risk associated with the use of hgdrovehicles, be it to the general public,
consumer, emergency response personnel and thramesundustry.

A.1.4 The goals of this global regulation (GTR3 #o develop and establish a GTR for
Hydrogen Fuel Cell Vehicles (HFCV) that: (1) Attaiequivalent levels of safety as those for
conventional gasoline powered vehicles and (2eropmance-based and does not restrict future
technologies.

2. GTR ACTION PLAN
A.2.1 Given that hydrogen-powered vehicle tecbgwlis still emerging, WP.29/AC.3 agreed

that input from researchers is a vital componerthisfeffort. Based on a comparison of existing
regulations and standards of HFCV with conventivediicles, 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 pralpoem Germany, Japan and United States
of America regarding how best to manage the devedop process for a GTR on hydrogen-
powered vehicles (ECE/TRANS/WP.29/AC.3/17). Unither agreed process, once AC.3
develops and approves an action plan for the dpusdot of a GTR, two subgroups will be
formed to address the safety and the environmemices of the GTR. The subgroup safety
(HFCV-SGS) will report to GRSP. The chair for tir@up will be discussed and designated by
summer of 2007. The environmental subgroup (HF@EJis chaired by European
Commission and reports to GRPE. In order to ensomemunication between the subgroups
and continuous engagement with WP.29 and AC.3pthiect manager (Germany) will
coordinate and manage the various aspects of theemsuring that the agreed action plan is
implemented properly and that milestones and timesliare set and met throughout the
development of the GTR. The GTR will cover fuell ¢eC) and internal combustion engine
(ICE), compressed gaseous hydrogen (CGH2) andlliogdrogen (LH2) in the phase 1 GTR.
At the (X) WP.29, the GTR action plan was submited 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 conteixan evolving hydrogen technology, the
trilateral group proposes to develop the GTR in plases:

a. Phase 1 (GTR for hydrogen-powered vehicles):
Establish a GTR by 2010 for hydrogen-powered vekitlased on a component level,
subsystems, and whole vehicle crash test apprdaahthe crash testing, the GTR would
specify that each contracting party will use itssgRg national crash tests but develop
and agree on maximum allowable level of hydrogakdge. The new Japanese
regulation, and any available research and teatwl#itbe used as a basis for the
development of this first phase of the GTR.

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

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

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

i. Performance requirements for fuel containers, pireslieve devices, fuel cells,
fuel lines, etc.
ii. Electrical isolation; safety and protection agagisttric shock (in-use).
iii. Performance and other requirements for sub-sysiteegration in the vehicle.

b. Whole vehicle requirements (crash test based):
Examine the risks posed by the different typesief §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 counéarsures for hydrogen-powered
vehicles. The main areas of focus are as follows:

I. Existing crash tests (front, side and rear) alresuplied in all jurisdictions.
ii. Electrical isolation; safety and protection agaglsttric shock (post crash).
iii. Maximum allowable hydrogen leakage.

A.2.5 Application: the contracting parties decigs this to set requirements for passenger FC
vehicles only with the understanding that in thenowy years, it will appropriate to extend the
application of the regulation and/or establish mequirements for additional classes of vehicles,
specifically, motor coaches, trucks, and two-/thrdeeel motorcycles.]

3. DESCRIPTION OF HYDROGEN FUEL CELL VEHICLES
3.1 Vehicle Description

A.3.1.1 Hydrogen fuel cell vehicles (FCVs) haveetectric drive-train powered by a fuel cell
that generates electric power electrochemicallynfrydrogen. In general, FCVs are equipped
with other advanced technologies to increase eficy, such as regenerative braking systems
that capture the energy lost during braking ancestan a battery or ultra-capacitors. While the
various FCVs are likely to differ with regard totdis of the systems and hardware/software
implementations, the following major systems amacmn to most FCVs:

* 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 ftiogal interactions of the major systems is
shown in Figure 1. Hydrogen is supplied to thiepidrt on the vehicle and flows to the hydrogen
storage container(s) within the Hydrogen Storagee3y. The hydrogen supplied to and stored
within the hydrogen storage container can be etberpressed gas or liquefied hydrogen.
When the vehicle is started, the shut-off valvepened and hydrogen gas is allowed to flow
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from the Hydrogen Storage System. Pressure regslahd other equipment with the Hydrogen
Delivery System reduce the pressure for use byuislecell system The hydrogen is electro-
chemically combined with oxygen (from air) in theef Cell System, and high-voltage electric
power is produced by the fuel cells. The powenfithe fuel cells flows to the Electric
Propulsion and Power Management System whereugad to power drive motors and/or charge
batteries and ultra-capacitors, depending on tiverdtthrottle” and brake positions and the
operating state of the vehicle.

» » SGS-8 OICA comment #1: In case of LH2 extractiohliquid hydrogen should be also

allowed. According to Figure 4 the coolant heat éxanger does not contain to the LH2

storage system
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Figure 1. Example of High-level Schematic of Key S
- SGS-8 increase text size

ystems in FCVs

A.3.1.3 Figure 2 illustrates key components mittajor systems of a typical fuel cell vehicle
(FCV). The fill port is shown in a typical positimn the rear quarter panel of the vehicle. As
with gasoline tanks, hydrogen storage containengeter compressed gas or liquefied hydrogen,
are usually mounted transversely in the rear of/dtecle, but could also be mounted differently,
such as lengthwise in the middle tunnel of the elehi Fuel cells and ancillaries are usually
located (as shown) under the passenger compartmenthe traditional “engine compartment”,
along with the power management, drive motor cdletrcand drive motors. Given the size and
weight of traction batteries and ultra-capacittiiese components are usually located in
available space in the vehicle in areas that rgteoper desired weight balance for proper
handling of the vehicle.

» » SGS-8 OICA comment #2: captured in yellow text

A.3.1.4 More detailed descriptions of the magstems are provided in the following sections.

DRAFT !



SGS 8-13/Rev.2
DRAFT

Drive Motor —LI\
Controller
=

Five Motor
| Fuel Cell and | "é?)
Auxiliaries \

\\ I'l q

Hydrogen
Storage

Electric Power
Management

Figure 2. Example of a Fuel Cell Vehicle

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. res@nt, 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 wgrkiassure (NWP) to compensate for the
effects of compression adiabatic heating duringt“fdl”.

A.3.2.2 Regardless of state of the hydrogeny#iecles are fuelled through a special nozzle
on the filling stations to the fill port on the vele which allows a “closed system” transfer of
hydrogen to the vehicle such that people in thpafising area are not exposed to unacceptable
hazards. The fill port on the vehicle also cordarcheck valve (or other device) that prevents
leakage of hydrogen out of the fill port in the Bvef a fault of the back-flow prevention in the
hydrogen storage system

A.3.2.3 In addition to the above features onvileicle, the dispenser also contains safe-guards

to monitor the fueling process and ensure thatahmperature and pressure are consistent with
the capability of the hydrogen storage system ernvhicle.
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3.3 HYDROGEN STORAGE SYSTEM

A.3.3.1 The hydrogen storage system consistf obmponents that form the primary pressure
boundary of the stored hydrogen in the system. pFimeary function of the hydrogen storage
system is to contain the hydrogen within the stersgstem throughout the vehicle life.

» » SGS-8 OICA comment #4: “ ...primary pressure boumgaf the stored hydrogen gas
(delete “gas”) in the system...” — accommodated ixite

A.3.3.2 At present, the most common method airsgoand delivering hydrogen fuel on-board
is in compressed gas form. Hydrogen can alsodyedts liquid (at cryogenic conditions).
Each of these types of hydrogen storage systenteangibed in the following sections.

3.3.1 COMPRESSED HYDROGEN STORAGE SYSTEM

A.3.3.1.1 Components of a typical compresseddyein storage system are shown in Figure 3.
The system includes the container and all otherpaomants that form the “primary pressure
boundary” that prevents hydrogen from escapingtséem. In this case, the following
components are part of the compressed hydrogeag&taystem:

* the container(s),

» the fill line check valve,

» the shut-off valve,

» the thermally-activated pressure relief device($)RD), and

» the interconnecting piping (if any) and fittingstween the above components.

Check
TPERD Valve

Vent

Shut-off
Valve

Hydrogen

Storage
Container

Figure 3. Typical Compressed Hydrogen Storage Sigsn
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A.3.3.1.2 The hydrogen storage containers sheme&€ompressed hydrogen gas. A hydrogen
storage system may contain more than one contaassd on the amount that needs to be stored
and the physical constraints of the particular elehi Hydrogen fuel has a low energy density
per unit volume. To overcome this limitation, caegsed hydrogen storage containers store the
hydrogen at very high pressures. On current deweémt vehicles, hydrogen is typically stored
at a nominal working pressure of 35 MPa or at #aMbut different pressures (that are higher
or lower or in between current selections) are iptsen the future as commercialization
proceeds. During the normal “fast fill” fuelingquess, the actual pressure inside the
container(s) may rise to 25% above the nominal mgrkressure as adiabatic compression of
the gas will cause a short-term pressure risedrighks. After approximately one (1) hour, the
temperature in the container will cool to near anband the pressure will reduce. By
definition, the settled pressure of the system gllequal to the nominal working pressure when
the tank is at 15C.

» » SGS-8 GWS comment #2: insert text marked yellowAiB.3.1.2

» » SGS-8JASIC comment #4: The upper limit of NWP should GO@MPa.

Rationale: The upper limit of NWP should be revisenly after the hydrogen embrittlement
safety is ensured. With the upper limit of NWP s&t70 Mpa, the highest pressure is 87.5
Mpa, which is 125% NWP. The facilities at hydrogstations require the pressurization to
higher than this 87.5 Mpa (100 MPa or more). Thewegment capable of evaluating the
hydrogen embrittlement under such high pressurdimited. If the upper limit of NWP is not
provided, the result of hydrogen embrittlement avation may be insufficient.

SGS-8 decision on setting upper limit for storaggem’s NWP: draft language for scope
setting NWP and maximum pressure. Provide ratemapart A.

A.3.3.1.3 Containers are currently constructeith womposite materials in order to meet the
challenge of high pressure containment of hydragenweight is that is acceptable for vehicular
applications. Most high pressure hydrogen stocageainers being evaluated in fuel cell
development vehicles consist of multi-layers withigner liner made of aluminum or
thermoplastic polymer to prevent gas leakage/petioreand a resin-impregnated carbon fiber
composite that is wrapped over a gas sealing ifomestructural integrity.

A.3.3.1.4 During fueling, hydrogen enters tiisteam from the hydrogen fueling system
through a check valve (or shut-off valve). Thedhtvalve prevents back-flow (leakage) of
hydrogen out through the hydrogen fueling linegaftieling 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 deté¢teat requires isolation of the hydrogen from
down-stream systems or the environment.

A.3.3.1.6 Inthe event of a fire, thermally+aated pressure relief devices (TPRDs) vent (i.e.,

provide a controlled release of) the gas containedmpressed hydrogen storage containers
before the high temperatures in a fire degrade ositgpand metal container materials and cause
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a hazardous rupture of the hydrogen storage carmainStorage containers and TPRDs that
have been subjected to a fire should be removex $ervice and destroyed; hence, the TPRDs
are designed to vent the entire contents of théagoer rapidly and do not reseat or allow re-
pressurization of the container.

3.3.2 LIQUEFIED HYDROGEN STORAGE SYSTEM

» » » » NOTE: highlighted text is merger of comments fromGermany, OICA(BMW),
and GWS that were conceptually in agreement excepor OICA(BMW) check valve
propoal

»» SGS-8 OICA comment #7: put liquid hydrogen in segte section
— accommodated in draft

» » SGS-8 OICA(BMW) comment #7 — proposed text rensi highlighted in 3.3.2 text
- exceptproposal for deletion of check valve SGS discussion isrequired
-- alsoexcept Fig 4(but content of figure change is included in G\WBment #7 figure)

» » SGS-8 Germany comment #5: imprecise naming of puessontrol devices needs
correction —proposed correction accommodated inttex

» » SGS-8 GWS comment ##&ext proposal of similar content to OICA #7&8dGermany
#5 (except check valve); figure revision proposed

A.3.3.2.1 As noted previously, hydrogen gasabsv energy density per unit volume. To
overcome this disadvantage, the liquefied hydrajerage system (LHSS) maintains the
hydrogen at cryogenic temperatures in a liqueftates

A.3.3.2.2 A typical 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 (or gaseous) hydrdgan the remainder of the fuel system and the
environment. All components located within thisibdary are subject to the requirements
defined in this section while components outsigelibundary are subject to general
requirements in Section 4. For example, the typigaefied LHSS shown in Figure 4 consists
of the following regulatory elements:

e thefill line check valve,

« liquefied hydrogen storage container(s),

e shut off devices(s),

* boil-off pressure regulator(s),

e Pressure Relief Devices (PRDs),

» the interconnecting piping (if any) and fittingsween the above components.
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A.3.3.2.3 During fueling, liquefied hydrogeniite from the fuelling system to the storage
container(s). A check valve (or shut-off valve)asated on the fill line to prevent back-flow
when fuelling is complete.

A.3.3.2.4 Liquefied hydrogen is stored at cmig conditions. 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. Adfbpressure regulator limits heat leakage
induced pressure rise in the hydrogen storage ic@n(a) to a pressure specified by the
manufacturer. Hydrogen that is vented from the L&y be processed or consumed in down-
stream systems. Discharges from the vehicle iaguitom over-pressure venting should be
addressed as part of allowable leak/permeation thamoverall vehicle.

A.3.3.2.5 In case malfunction of the boil-ofepsure regulator, vacuum failure, or external
fire, the hydrogen storage container(s) and tloeiwan jacket(s) are protected against
overpressure by Pressure Relief Devices (PRDs)d¥ig type relief valves are shown in
Figure 4 as this specific type of PRD usually pded the primary function, but additional relief
valves or burst disks may be used to provide rednoy or backup as PRDs (and PRD piping
and connections) in liquefied hydrogen systems beagompromised by icing.

A.3.3.2.6 When hydrogen is released to theydsign system, it flows from the LHSS
through the shut-off valve that is connected tohtydrogen fuel delivery system. In the event
that a fault is detected in the propulsion systeshjcle safety systems usually require the
container shut-off valve to isolate the hydrogemfrthe down-stream systems and the
environment.

» SGS-8 Germany comment #6: move a PRV to downstre&shut-off valvein figure
-- text & figure accommodate Germany comments
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Figure 4. Typical Liquefied Hydrogen Storage Sysim

» » SGS-8 OICA comment #1: According to Figure 4 tbeolant heat exchanger does not
contain to the LH2 storage system.
-- The paragraph describing the heat exchangeririghe Delivery System in 3.4.1.

3.4 HYDROGEN FUEL DELIVERY SYSTEM

A.3.4.1 Hydrogen is delivered from the storagetainers to the fuel cell stack via a series of
pressure regulators, control valves, filters, gipi@nd possibly heat exchangers and heaters. In
the case of liquefied hydroen storage, for exantphkehydrogen flow that flows from LHSS may
be single or two phase flow, depending on the sthtiee hydrogen within the storage container,
and a heat exchanger is typically used to evaparatdiquefied hydrogen. The fundamental
purpose of a hydrogen fuel delivery system is tloeecto reliably deliver hydrogen fuel to either
ICE or fuel cell stack at a specified pressure tantperature for proper fuel cell operation over
the full range of vehicle operating conditions.

A.3.4.2 The fuel delivery system must reduaepressure from levels in the hydrogen storage
system to values required by the fuel cell systémthe case of 70 MPa compressed hydrogen
storage system, for example, the pressure maytbawereduced from as high as 87.5 MPa to
levels typically under 1MPa at the inlet of thelfoell system. This may require multiple stages
of pressure regulation to achieve accurate andestalntrol and over-pressure protection of
down-stream equipment in the event that a fauliéregulation system occurs. Over-pressure
protection may be accomplished, if necessary, theeventing excess hydrogen gas through
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pressure safety valves or isolating the hydrogensgaply (by closing the shut-off valve) in the
hydrogen storage system when an over-pressuretmonidi detected.

3.5 FUEL CELL SYSTEM

A.3.5.1 The fuel cell generates the electriogded 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 arggen (in air) to generate electrical DC
power. Fuel cells are capable of continuous etadtgeneration when supplied with hydrogen
and oxygen (air), simultaneously generating eleityrand water without producing carbon
dioxide (CQ) or other harmful emissions typical of gasolinevpoed internal combustion
engines (ICE).

A.3.5.2 As shown in Figure 1, typical fuel cgjistems include a blower to feed air to the
cathode-side of the fuel cells. Approximately 80y0% of the oxygen is consumed within the
cells. The remainder is exhausted from the systénhe fuel cell usually consumes most of the
hydrogen that is supplied, but a small excessgsired to ensure that the fuel cells will not be
damaged. The excess hydrogen is either mixedthatltathode exhaust to produce a non-
flammable exhaust from the vehicle or catalyticadigcted.

A.3.5.3 The fuel cell system also includes aaryl components and systems to remove the
waste heat. Most fuel cell systems are cooled tyxéure of gylcol-water. Coolant pumps
circulate the water through the fuel cells and tteeradiator.

A.3.5.4  The individual fuel cells are usuakyacked” or electrically connected in series such
that the power is between 300 and 600 Vdc. Sinekcells operate a high voltage, all reactant
and coolant connections (including the coolantfits® the fuel cell need to be adequately
isolated from the conductive chassis of the vetsaleh that there are no shorts that could cause
equipment damage or harm people when insulatibreisched.

3.6 ELECTRIC PROPULSION AND POWER MANAGEMENT SYST EM

A.3.6.1 The electric power generated by the dedllis ultimately used to drive electric motors
that ultimately propel the vehicle. As illustratedFigure 2, many passenger fuel cell vehicles
are front wheel drive with the electric drive mogard drive-train located in the “engine
compartment” mounted transversely over the frofe;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.

» » SGS-8 OICA comment #12: Due to the small and pat size of electric engines

electric drive trains should not be considered asrit-wheel drive as standard concept —
comment is accommodated in text in yellow.
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A.3.6.2 The “throttle position” is used by thewdrmotor 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 brakong-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 regeneratiwakiog, the drive motor controller must convert
the generated in the drive motor back to DC sotti@energy can be stored in the batteries or
ultra-capacitors.

4. EXISTING REGULATIONS, DIRECTIVES, AND INTERNAT IONAL
VOLUNTARY STANDARDS

4.1 VEHICLE FUEL SYSTEM INTEGRITY

A.4.1.1 National regulations:

* EC regulation 79-2009

» Japanese Safety Regulation article 17 and Attachfirier Technical Standard for Fuel
Leakage in Collision, etc.

» Japanese Attachment 100 — Technical Standard F1Systems Of Motor Vehicle Fuel By
Compressed Hydrogen Gas

« ECE

* United States Federal Motor Vehicle Safety Stan@@kdvVSS) No. 301 - Fuel System
Integrity.

» Canadian Motor Vehicle Safety Standards (CMVSS)361Fuel System Integrity

» Korea Motor Vehicle Safety Standard, Article 91ueFSystem Integrity

A.4.1.2 International Industry standards:
» SO 17268 Compressed hydrogen surface vehiclelfiefg connection devices

* ISO 23273-1 Fuel cell road vehicles — Safety sjeatibns — Part 1: Vehicle functional
safety

* ISO 23273-2 Fuel cell road vehicles — Safety sjeatibns — Part 2: Protection against
hydrogen hazards for vehicles fuelled with compeddsydrogenSAE J2578 - Recommended
Practice For General Fuel Cell Vehicle Safety

» SAE J2578 - Recommended Practice For General ReleVEhicle Safety

* SAE J2600 —

* SAE J2601 -

4.2 STORAGE-SYSTEM
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A.4.2.1 National regulations:

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

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

« EC

* FMVSS 304 - Compressed Natural Gas fuel Contaimeqgtity.

» Korea High Pressure Gas Safety Control Law

A.4.2.2 International Industry standards:

* SO 13985:2006 Liquid Hydrogen — Land Vehicle Fliahks

* SO 15869:2009 Gaseous Hydrogen and Hydrogen Blendind Vehicle Fuel Tanks
(Technical Specification)

* SAE J2579 - Technical Information Report for Fugstems in Fuel Cell and Other
Hydrogen Vehicles

4.3 ELECTRIC SAFETY

A.4.3.1 National regulations:

» Japanese Attachment 101 — Technical Standard éwedon of Occupants against High
Voltage in Fuel Cell Vehicles

» Japanese Attachment 110 — Technical Standard éwe®ion of Occupants against High
Voltage in Electric Vehicles and Hybrid Electric Meles

» Japanese Attachment 111 — Technical Standard éwe®ion of Occupants against High
Voltage after Collision in Electric Vehicles and Ibiid Electric Vehicles

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

» FMVSS 305 - Electric-Powered Vehicles: Electrolgllage and Electrical Shock
Protection.

« CMVSS 305—Electric Powered Vehicles: Electrolytelldge And Electrical Shock
Protection

» Korea Motor Vehicle Safety Standard, Article 18-Bligh Voltage System

» Korea Motor Vehicle Safety Standard, Article 91-Electrolyte Spillage and Electric Shock
Protection

* GB/T 24548-2009 Fuel cell electric vehicles - taraiogy

* GB/T 24549-2009 Fuel cell electric vehicles - safequirements

* GB/T 24554-2009 Fuel cell engine - performancest meethods

 QC/T 816-2209 Hydrogen supplying and refueling ekds -specifications

A.4.3.2 International Industry standards:
* ISO 23273-3 Fuel cell road vehicles — Safety speatibns — Part 3: Protection of persons

against electric shock SAE J1766—Recommended Pedtti Electric and Hybrid Electric
Vehicle Battery Systems Crash Integrity Testing
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» SAE J2578 - Recommended Practice For General ReleVEhicle Safety

5. TECHNICAL RATIONALE

5.1 COMPRESSED HYDROGEN STORAGE SYSTEM TEST
REQUIREMENTS & SAFETY CONCERNS

A.5.1 The containment of the hydrogen within teenpressed hydrogen storage system is
essential to successfully isolating the hydrogemfthe surroundings and down-stream systems.
The system-level performance tests in Part B wereldped to demonstrate capability to
perform critical functions throughout service irdilag fueling/de-fueling and parking under
extreme conditions, and performance in fires. édterance test requirements for all compressed
hydrogen storage systems in on-road vehicle searespecified in PART B 5.1.

5.1.1 RATIONALE FOR PART B 5.1: HYDROGEN STORAGE TEST SYSTEM
REQUIREMENTS

A.5.1.1.1 This section (A.5.13pecifies the rationale for the performance reqoats
established in part B for the integrity of the caegsed hydrogen storage system.
Manufacturers are expected to ensure that all gtazuunits meet the requirements of
performance verification testing in Part B-5.1.2

A.5.1.1.2 Rationale for Part B 5.1. The storag&tem is defined to include all closure
surfaces that provide primary containment of higdspure hydrogen storage. The definition
provides for future advances in design, materiats @nstructions that are expected to provide
improvements in weight, volume, conformability asttler attributes. Performance-based
requirements address known on-road stress faatdrsigsages to assure robust qualification for
suitability for vehicle service.

€ SGS-7 Discussion: Difficulty understanding thimikibehind requirements — topic remains
under consideration at OICA and active discussidhiwSGS. SGS-7 requested drafting of
rationale text to support future discussion withtdreclarity in understanding the proposal

» » SGS-8 GWS comment #12: proposed rationale texofes:

A.5.1.1.3 Rationale for B.5.1.1The Verification Tests for Baseline Metrics supplaree
functions: 1) Verification of consistency of thealification batch of vessels (A.5.1.2.6), 2)
Verification of Conformity of Production (A.5.1.216 the qualification batch of vessels, and 3)
establishing the baseline for performance qualtimatests in B.5.1.2.8 and B.5.1.3.5.

» » SGS-8 GWS comment #13: proposed rationale texbofes:

A.5.1.1.4 Rationale for B.5.1.2 The verification test for on-road performanceatbility
ensures the system is fully capable of avoidingungounder extreme conditions of usage that
include extensive fueling frequency (perhaps assediwith replacement of drivetrain
components), physical assaults and harsh enviraaeonditions. These durability tests focus
on structural resistance to rupture. The additiattantion to rupture resistance under harsh

DRAFT o



SGS 8-13/Rev.2
DRAFT

external conditions is provided because 1) therggwef consequences from rupture is high, 2)
rupture is not mitigated by secondary factors (lsakitigated by onboard leak detection linked
to countermeasures). Since these extreme conslgienfocused on structural stress and fatigue,
they are conducted hydraulically — which allows enapetitions of stress exposure in a practical
test time.

A.5.1.1.5 Rationale for B.5.1.2. Data used in developing the B.5.1.2 test prdtoabude:

a. Extended & Severe Service worst-case =iifetof most stressful fuelings (empty-to-
full fuelings) under extended & severe usage; €ifise-station over-pressurization
events

b. Sequential performance of tests replaces ad-experience where a single vessel is
subject to multiple exposures — not realistic tpext a vessel could only encounter one
type of exposure through vehicle life.

c. Severe usage: Exposure to physical impacts

I. Drop impact (B.5.1.2.2) — risk is primary aftermeairkisk in vehicle repair where a
new storage system, or an older system removedgluehicle service, is dropped
from a fork lift during handling. The test proceduequires drops from several
angles from a maximum utility forklift height. Thest is designed to demonstrate
that containment vessels have the capability teigeirepresentative pre-
installation drop impacts if the system does nethanalterable markers that record
exposure to comparable impacts to designate thtliation is not authorized.

ii. Surface damage (B.5.1.2.3) — cuts characterigticear from mounting straps can
wear through protective coatings — administered oeppresentative of strap wear

iii. Roadway impacts that degrade exterior structurahgth and/or penetrate
protective coatings (e.g., flying stone chips) (B.8.3) — administered by
pendulum impact

d. Severe usage: Exposure to chemicals in thr@ah-environment (B.5.1.2.4)

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

ii. The primary historical cause of rupture of highgstae vehicle vessels (CNG
tanks), other than fire, has been stress corrasipture — rupture occurring after a
combination of exposure to corrosive chemicals regsurization.

iii. Stress corrosion rupture of on-road glass-compasiépped vessels 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 expectetbad 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. Extended & Severe Usage: Number of fuelindiééng cycles (B.5.1.2.4 and
B.5.1.2.6)

I. A higher than expected number of fuelings occurs if) the vehicle lifetime
distance traveled is higher than expected, 2) #fecle range per full fill is lower
than expected, or 3) the average vehicle fuelingss than a full fill.
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ii. The high-frequency extreme number of partial fugdins given by: (extreme-usage
lifetime vehicle distance traveled) / (minimal velirange per full fill) / (minimal
lifetime average fill volume fraction).

iii. The minimal lifetime average fill volume fractiors itaken as 0.33. Reliable
statistics on current fill volume fraction are retailable; statistics for hydrogen-
fueled vehicles will be influenced by the availépilof hydrogen fueling stations.
The qualification test specification is based oa #ssumption that a lifetime of
fuelings needing <33% of fuel capacity provides ighHrequency extreme
associated with a lifetime average of fuelings otervals of 160 km (100 mi)
traveled.

Iv. Extreme-usage lifetime vehicle range is taken @060 km (366000 mi). Sierra
Research Report No. SR2004-09-04 for the CalifoAiraResource Board (2004)
on vehicle lifetime distance traveled showed alapped vehicles had lifetime
distance traveled below 560000 km (350000 mi) @ksigma value, the 998
percentile, was 330000 km (260000 mi); the 6-sigmatue was 590000 km
(366000 mi). [Note: there is no record of vehialeaching lifetime range as high
as the 6-sigma value.]

v. Minimal vehicle range per full fill is taken as 3Rfh (200 mi). This is considered
to be a highly conservative estimate since at pte62009) on-road hydrogen-
fueled vehicles produced by high volume vehicle ofacturers have a vehicle
range per full fill greater than 320 km (200 mi).

vi. Therefore, the extreme number of fuelings is tak®b8500 = 3 x 366000/200.

vii. Robustness (safety margin) of extended durabibsigh-qualification requirement

(a) A vehicle with a modest driving range of 320 km @21i) per full fueling
would have to be driven over 1.5 million km (1 moif mi) to require 5500
empty-to-full fuelings.

(b) Low-volume partial fills cause markedly lower swingn temperature and
pressure, and consequently markedly lower stredsmas empty-to-full fill
stresses. Comprehensive data is not availableséss an order of magnitude
lower than empty-to-full fuelings have been seenferefore, conducting the
high-frequency fueling pressure cycle tests witlpgmrto-full fueling pressure
swings provides a margin of robustness potenta@ilyhe order of x 10.

» » SGS-8 Germany comment #21: “The basis for calcidatof filling cycles

should be the real driving range per refueling inombination with driver

behavior. Filling cycles should be surveyed by t@oard computer.”

»» SGS-8 Germany comment #22: “Either additional gagcling tests are

required which have to be finished by hydraulic éyg to the leakage or better

type Il cylinders are treated in another manner.*”

SGS-8: maintain the current “performance baseqtirement as currently in the draft GTR.
f. Extreme Pressure Conditions for fueling/delifgecycles (B.5.1.2.4)

I. Fueling station over-pressurization constraineduigying station requirements to <
150% NWP
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Field data on the frequency of failures of highgstee fueling stations involving
activation of pressure relief controls is not aafllieé. The small number of 70MPa
fueling stations currently available does not suppubust statistics.

There, assurance to sustain multiple occurrencesetpressurization due to
fueling station failure is assured by requiremerdeémonstrate absence of leak in
10 exposures to fueling station failure followedlbyg-term leak-free parking and
fueling/de-fueling capability.

g. Extreme environmental conditions for fuelirepfdeling cycles (B.5.1.2.6). Weather
records show temperatures40C occur in countries north of the 45-th patalle
temperatures ~50C occur in desert areas of loviewda countries; each with frequency
of sustained extreme temperature ~5% in areaswsitiable government records.
[Actual data shows ~5% of days have a minimum teatpee <-30C. Therefore
sustained exposure to <-30C is < 5% of vehicledifiee a daily minimum is not reached
for a full 24 hr period] Data record examples (Eomment Canada 1971-2000):

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

h. Extended and Severe Usage: High TemperatukdilFParking up to 25 years
(B.5.1.2.5)

On-road experience with CNG tanks -- no stressuneptvithout exposure to
corrosives (stress corrosion cracking) or desigmaaly (hoop wrap tensioned for
liner compression without autofrettage). B.5.B&ing that includes chemical
exposure test and 1000 static full pressure expaselects out these failures.
Laboratory experience with high pressure vesselposite strands — documentation
of time-to-rupture as a function of static stre&srpspace Corp Report No. ATR-
92(2743)-1 (1991) and references therein) withapbsure to corrosives

Use of laboratory data to define equivalence dffegkire probability for testing at
100% NWP for 25 years and testing at 125% NWP @@01lhours is documented in
SAE 2009-01-0012.

No formal data is available on parking duration yemicle at different fill
conditions. Examples of expected lengthy full ddicurrences include vehicles
maintained at near full fill at all times, abanddnehicles and collectors' vehicles.
Some systems have been reported to exhibit Arredatigue rate dependence
(potentially associated with resin oxidation); #fere, to accommodate possible
extreme temperature acceleration of fatigue, tif® 10 exposure is to be
conducted at 85 C, the maximum potential exposmperature. [Under-hood
maximum temperatures of +82 °C have been measutkoh\a dark-colored
vehicle parked outside on asphalt in direct sunligbOC conditions. Also, a
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compressed gas container, painted black, with rercin the box of a black
pickup truck in direct sunlight in 49 °C conditiohad maximum / average
measured tank skin surface temperatures of 8782 &) / 70 °C (159 °F)].
i. Residual Proof Pressure (B.5.1.2.7)
I. Fueling station over-pressurization constraineduigying station requirements to <
150% NWP
ii. Laboratory data on static stress rupture usedfioalequivalent probability of
stress rupture of composite strands after 30 secahti80% NWP as after 2 hours
at 150% NWP in the worst case (SAE 2009-01-00Ezieling stations are
expected to provide over-pressure protectidrb@% NWP.
iii. Testing at “end-of-life” provides assurance to aursfueling station failure
throughout service.
J. Residual Strength Burst (B.5.1.2.8)
Requirement for <20% decline in burst pressure afd@0-hr static pressure exposure is
linked (in SAE 2009-01-0012) to assurance thatirequent has allowance for 10%
manufacturing variability in assurance of 25 ye#Hraupture resistance at 100% NWP.

A.5.1.1.6 Rationale for B.5.1.3 The verification test for expected on-road@enance

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

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

@ SGS-7 Discussion: Add information in SGS-7 disce®n about leak focus of Expected
Service in Part A background rationale information.

» » SGS-8 GWS comment #14: following proposed test

A.5.1.1.7 Rationale for B.5.1.3. Pneumatic testing provides stress factors assediwith

rapid and simultaneous interior pressure and terapge swings and infusion of hydrogen into
materials; therefore, pneumatic testing is focusedhe vessel interior and strongly linked to
the initiation of leakage. Failure by leakage ianginally mitigated by secondary protection —
monitoring and vehicle shut down when warrantedoiveconservative level garage
flammability risk), which is expected to resulvery timely repair before leakage can develop
further since the vehicle will be out of service

A.5.1.1.8 Rationale for B.5.1.3.Data used in developing the B.5.1.3 test prdtowude:

a. Proof Pressure Test (B.5.1.3.1) — routine ygctdn of pressure vessels includes a
verifying, or proof, pressure test at the poinpafduction, which is 150% NWP as
industry practice.

b. Leak-Free Fueling Performance (B.5.1.3.2)

i. Expected environmental conditions -- weather r@eshow temperatures-40C
occur in countries north of the 45-th parallelmperatures ~50C occur in desert
areas of lower latitude countries; each with fesgry of sustained extreme
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temperature ~5% in areas with verifiable governmeotrds. [Actual data shows
~5% of days have a minimum temperature <-30C. &fbez sustained exposure to
<-30C is < 5% of vehicle life since a daily minimusmot reached for a full 24 hr
period] Data record examples (Environment Cari®id -2000):

(a) http://www.climate.weatheroffice.ec.gc.ca/dii@ normals/results_e
.html?Province=ONT%?20&StationName=&SearchType=&Lie8y=Provin
ce&Proximity=25&ProximityFrom=City&StationNumber=&Type=MSC&
CityName=&ParkName=&L atitudeDegrees=&L atitudeMinet&Longitude
Degrees=&LongitudeMinutes=&NormalsClass=A&SelNoraxa Stnld=415
7&

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

ii. Number of fueling/de-fueling cycles

(&) The number of full fuelings required to demonsticpability for leak-free

performance in expected service is taken to be 500
(1) Expected vehicle lifetime range is taken to be Z80Km (155000 mi)

Vehicle Age Va. Average Odometer
Passenger Cars

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

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

(2) Expected vehicle range per full fueling is takeféo >500km (300
mi) based on 2006-2007 market survey of OICA merpbeducts.

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

(4) Some vehicles may have shorter driving rangesyeiueling, and
may achieve more than 500 full fuelings if no EaErtuelings occur in
the vehicle life. Demonstrated capability to pemfovithout leak in
500 full fuelings is intended to establish fundamaésuitability for on-
road service -- leakage is subject to secondarngatibn 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 fueliegiaeling capability.
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(b) Qualification requirement of 500 pneumaticgsgre cycles is conservative
when considering failure experience:

(1) On-road experience: 70MPa hydrogen storagesys have
developed leaks in o-ring sealings during briefQ<ill fuelings) on-
road service of demonstration prototype vehicles.

(2) On-road experience: 70 MPa hydrogen storggiesis have
developed temporary (subsequently resealing) ldakag brief (< 50
full fuelings) on-road service of demonstrationtptgpe vehicles.

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

(4) On-road experience: failure of CNG vehiclerage due to interior
charge build-up and liner damage corona dischargetia failure
mode because static charge is carried into vessgbarticulate fuel
impurities and 1ISO 14687-2 (and SAE 2719) fuel nernents limit
particulates in hydrogen fuel -- also, fuel cainer systems are not
tolerant of particulate impurities and are expedtedause vehicles to
be out of service if inappropriate fuel is dispaehse

(5) Test experience: mechanical failures of vielstorage associated
with gas intrusion into wrap/liner and interlamiaatterfaces develop
in ~ 50 full fuelings.

(6) Test experience: 70MPa hydrogen storage mgsteat passed NGV2
test requirements have failed during the B.5.1sBdenditions in
failure modes that would be expected to occur inaad service
(Powertech report to DOE/SAE).

» » SGS-8 GWS comment #15: Proposed additional texa {6) above
Powertech report cites two failures of systems vatiks that have
qualified for service: metal-lined composite tagtve leak and in-tank
solenoid leak, polymer-lined composite tank leaé wuliner failure.

The polymer-lined composite tank failure by leakags on a tank that
was qualified to NGV2 modified for hydrogen. Theatkéned composite
failure of the tank valve was on a valve qualifiedEIHP r12b and TUV
approved for useReport conclusion: “The test sequences in SAE TIR
J2579 have shown that tanks with no known failure®rvice either met
the requirements of the tests, or fail for reasthad are understood and
are representative of future service conditions”

»» SGS-8 ISO member comment #2: delete A.5.1.1igN6)
reference to Powertech because report “does notvpte any evidence
in support of the statement.”

SGS-8: Get verification in the PowerTech report draft the above language.

iii. Fueling conditions
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(a) SAE J2601 establishes fueling protocol -- 3 nesus fastest empty-to-full
fueling (compatible with typical gasoline fuelingxisting in installed state-of-
art hydrogen fueling stations); fuel temperaturefést fueling is ~ -40C.

(b) Expected maximum thermal shock conditions arafsystem equilibrated at
an environmental temperature of ~50C subjectedQ@ fuel, and for a
system equilibrated at -40C subjected to indoorgpei fueling at ~+20C.

(c¢) Fueling stresses are interspersed with parkiegss

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

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

ii. The leak/permeation limit is defined to praitéhe worst-case condition of a
tight (30n7), very hot (55C) garage having low air exchang@3®&olumetric
air exchanges per hour) from reaching 25% LFL. ddwservative 25% LFL
limit is conventionally adopted to accommodate @mriation inhomogeneities.

iii. Data reference for garage sizes, air exchaatgs, and garage temperatures are
found in the EU HySafe report “Allowable Hydrogeermeation Rate for
Automotive Applications” VTEC Doc No. 06120-09-135Q, 2009.

iv. Alocalized leak test is to be conductednswge that external leakage cannot
sustain a flame that could weaken materials andexpuently cause loss of
containment. Per SAE 2008-01-072&me Quenching Limits of Hydrogen
Leaks the lowest flow of H2 that can support a flam®.i328 mg/sec per from
a typical compression fitting and the lowest leakgble from a miniature
burner configuration is 0.005 mg/sec. Since theiaire burner configuration
is considered a conservative “worst case”, the mari leakage criterion is
selected as 0.005 mg/sec.

v. Parking provides opportunity for hydrogen sation of interlaminate layers,
wrap/liner interface, liner materials, juncturegjmgs, and joinings — fueling
stresses are applied with and without exposurgdodgen saturation.
Hydrogen saturation is marked by permeation re@csieady-state rate.

vi. The maximum pressure of a fully filled vesaeb5C is 115% NWP (equivalent
state of charge to 125% NWP at 85C and 100% NWXR@G].

» » SGS-8 OICA comment #12: Conditions for leakadmsld be specified
(NWP?) — comment is accommodated in “vi” text aleov

» »SGS-8 Germany comment #31: “The permeation ratesinioe limited to a
value with limit per hour and per liter. The pereation rate is too high for
avoiding explosion or fire hazards inside the veleic

» » SGS-8 ISO member comment # 16: discuss permeaticate

d. Residual Proof Pressure (B.5.1.3.4)
I. Fueling station over-pressurization constrdibg fueling station requirements
to <150% NWP
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il. Laboratory data on static stress rupture usetkfine equivalent probability of
stress rupture of composite strands after 30 secanti80% NWP as after 2
hours at 150% NWP in the worst case (SAE 2009-0120Fueling stations
are expected to provide over-pressure protecti®b0% NWP.

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

e. Residual Strength Burst (B.5.1.3.5)
Requirement for <20% decline in burst pressure éfedime service is designed to
ensure stability of structural components respdaddr rupture resistance; it e is
linked (in SAE 2009-01-0012) to assurance thatirequent has allowance for 10%
manufacturing variability in assurance of > 25 geafrrupture resistance at 100%
NWP in B.5.1.2.5.

A.5.1.1.9 Rationale for B.5.1.4 Verification of performance under service terntimg
conditions is designed to prevent the severe impiactpture under conditions so severe that
hydrogen containment cannot be maintained. Fitleeservice terminating condition accounted
for in design qualification testing.

» SGS-7 Discussion: An engulfing bonfire test hasnbie traditional fire safety test — the
primary objective has been to ensure the presdraéumctioning TPRD.

» SGS-7 Discussion: Fire risk associated with |aedlifire exposure is a recognized
additional risk. A fire test that accommodatesaled fire exposure is TBD.

5.1.2 Supplemental Requirements for TYPE APPROVAL of
Compressed Hydrogen Storage

€ SGS-7 Discussion: Tentative agreement to posit®ection 5.1.2 in Part A with
designation that these specifications could be mate mandatory requirements at the option
of individual contracting parties.

€ SGS-7 EU comment: a listing of expected suppders in Part A would be helpful in
providing clarity that specific supplements woule lsonsistent with the UNGTR.
= accommodated in Part A

A.5.1.2.1 While the tests effectively addressghreral systems and tank issues, national or
regional entities may elect to supplement Partdggiirements for compressed hydrogen storage
systems, which are depicted in Fig. A.3/B.5.1.he §oal of harmonization of requirements as
embodied in the United Nations Global Technical iRapns provides the opportunity to
develop vehicles that can be deployed throughoutr@cting Parties to achieve uniformity of
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compliance and resulting economies of scale; theresupplemental type approval
requirements beyond those discussed in A.5.1.2A%:1.2.7 are not expected.

» »SGS-8 Germany and ISO comments # 3: consider mg\A.5.1.2 requirements to Part
B

A.5.1.2.2 Itis expected that type-approval @edtions may elect to include the following
items:

a. Material test requirements (A.5.1.2.3)

b. Qualification tests for hydrogen-flow closufés5.1.2.9

c. Labeling requirements (A.5.1.2.5

d. Verification tests for batch consistency inldigation testing (A.5.1.2.%

e. Verification tests for conformity of productigf.5.1.2.7

A.5.1.2.3 Material Test Requirements
Materials used in storage systems (as illustratdegure B.5.1.1) must comply with
requirements of B.6.2.1. Manufacturers shall mamntalevant information demonstrating

the suitability of materials used in the hydrogwrage system. (Rationale in A.5.1.3.3)

Material testing is intended to comprehend longataraterial degradation including
metallic hydrogen embrittlement. Manufacturerstofage systems must maintain
information relevant to the system design thatuidek:

» tensile properties and softening temperature (>)@d@lastic liner material

» glass transition temperature

* resin shear strength

» coating adhesion and flexibility

* hydrogen embrittlement of metals

A.5.1.2.3.i Rationale for A.5.1.2.3: Materialsi&kequirements.
Compliance with Test Requirements of B.6.2.1 isinegl to ensure that manufacturers use
materials appropriately qualified for hydrogen sezvand meet design specifications of the

manufacturer.

» » SGS-8 Germany #13: “At least one “key test” (cytel&t or creep rupture test) should be
performed to fatigue failure and repeated durirsgstearallel to operation.”

» » SGS-8 Germany #14: Material requirements should iclude “Tests parallel to
operation have to be introduced. This is the bestay to ensure fatigue properties not
weaker than assessed by design type tests.”

SGS-8: Germany recommends manufacturers mongalu@ life of containers. Draft text
for part A.
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A.5.1.2.4 Qualification Tests for Hydrogen-Flow sures
Closures that isolate high pressure hydrogen flarémainder of the fuel system and the
environment include:
* temperature-activated pressure relief device(sROFPa TPRD opens and remains
open when the system is exposed to fire.)
» check valve(s) (A check valve prevents reverse flothe vehicle fill line.)
» shut-off valve(s) (A shut-off valve between therage container and the vehicle fuel

TFG — due to Japan’s proposal (B5.1), the fourtlebis removed.

All closures shall be qualified to durable andabkle performance according to specified
qualification tests. CSA North America is curigrgddressing component requirements
for shut-offs, and check valves (CSA HGV 3.1) airDB (HPRD1-2009) for hydrogen
service based on testing with hydrogen fuel angte&pce with CNG vehicles and
previously existing standards. When completedseldocuments will be advanced to ISO
as NWIPs.

SGS-8: Note: these test procedure referenceshmudentified before the completion of
the GTR.

The entire storage system does not have to beaidigd if the subsystem components
(excluding the storage container) are exchangeddomponents having comparable
function, fittings, and dimensions, and meetingdbmparable component performance
gualification specifications/testing. However,hange in the TPRD hardware, its position
of installation and/or venting lines requires realification with the fire test.

» » SGS-8 ISO member comment # 9: require re-quadtion if any subsystem
components are exchanged.

» » SGS-8 Germany comment #15: “If subsystems or congus are changed the
function, strength and material compatibility muste proved in dependence of the type of
change.” ,If the eutectic or the pressure bearimgarts are changed also the durability
tests must be performed.”

A.5.1.2.4.i Rationale for A.5.1.3.4: Qualificabn Tests for Hydrogen-Flow Closures

The containment of the hydrogen within the Comprdd3ydrogen Storage System is
essential to successfully isolating the hydrogemfthe surroundings and down-stream
systems. The system-level performance tests inBPaere developed to provide qualify
the storage system for pressure cycling, fast gikdreme temperatures, sustained pressure
(parking), and engulfing/localized fire. The systlevel testing also includes severe
environmental factors, however, additional asswearic¢he durability and reliability of
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moving parts (the hydrogen flow closures) is preddby more strenuous qualification for
these subsystem elements.

A.5.1.2.5 Markings. Tank label will contain the NWP, date of manufaefunanufacturer,
unique identifying number and xx-year lifetime engpion data.

» » SGS-8 GWS comment #16: proposed rationale texbofes:

A.5.1.2.5.i Rationale for A.5.1.2.5: Markings

Labeling containers with NWP provides informatiorptotect against inadvertent
installation of a container in a vehicle intended higher pressure fueling. Labeling
containers with lifetime in years is consistentwatatic hold testing (parking) required in
design qualification testing. Containers in NG"\sce that have not sustained physical
damage have historically been re-qualified for sss\beyond 15 years after visual
inspection.

Labeling containers with the manufacturer and uaigientifying number (manufacturer
required to maintain production quality controlaegts in A.5.1.2.7) provides traceability.

» » SGS-8 JASIC comment #3: Need rationale for seevitnit of storage systems. Japan
regulation is currently 15 years.

SGS-8: continue the discussion on end-of-life reiggment and service/inspection
requirement.

»» SGS-8 Germany comment #34Marking for container must show data for safety &
traceability (e.g., manufacturer, date of manuface, serial number, CGH or LH, NWP,
capacity in liters, date of removal from serviceLomponents must have 3 markings for safety
and traceability (e.g., manufacturer, serial numhevilAWP). (Not sufficient for manufacturer
to be required to maintain records)

» » SGS-8 JASIC comment #7: Providing information @urrent Japanese requirement
for marking as background information

Close to the receptacle:

1. Number of containers installed

2. Limitation of fueling time

3. Duration of validity of the test result

4. Maximum fueling pressure (NWP)

5. Chassis No.

6. 5,500 times or 11,250 times (under discussion)
On the vehicle:

1. Symbol and No. of the container

2. Symbols and Nos. of attachments

3. Limitation of fueling time

4. Chassis No.

On the container:

1. Code of the name of the Technical Service
2. Name or code of the container manufacturer
3. Type of high-pressure gas (CHG)

4. Classification of the container (VH3 or VH4)
5. Symbol of the container
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6. Inner volume

7. Date (day/month/year) at which the containerseakthe test
8. Limitation of fueling time

9. Pressure for pressure-resistance test

10. Maximum fueling pressure

11. Allowed scar depth of CFRP parts

» » SGS-8 ISO member comment # 18: proposal:

a) "H2ONLY";

b) "DO NOT USE AFTER XXXX-XX", where XXXX-XX idiexstthe year and the month of expiry;

¢) manufacturer’s identification;

d) container identification (a serial number unigfoe every container);

e) water capacity (I);

f) "USE ONLY MANUFACTURER-APPROVED NON-RECLOSINGRMALLY ACTIVATED PRESSURE
RELIEF DEVICE";

g) date of manufacture (year in four digits and hon two digits);

h) NWP (MPa) at temperature (°C);

i) if labels are used, there is an additional regunent for a unique identification number and thenofacturer’s
identification to be permanently marked on an erpawnetal surface in order to permit tracing in theent that the
label is destroyed;

A.5.1.2.6 Verification Tests for Consistency ofé&formance in Design Qualification
Design qualification testing is only meaningfuthi tested unit(s) is representative of
expected design performance. Vessels submittediefsign qualification are expected to
have representative initial burst pressure andsprescycle life. The following tests are
designed to verify consistency of performance withie batch of vessels used to qualify the
design.

I. Burst Pressure. The manufacturer will sugfdgumentation (measurements and
statistical analyses) to establish that the buegure of every unit is controlled to >
180% of NWP. In addition, the manufacturer wilpply documentation to establish
the median burst pressure of new storage contaiBEssand to establish that the burst
pressure of every unit is controlled to > 90% BIPo accommodate at leasi8%
manufacturing variability, Bffmust be >200% NWP.]

Three (3) randomly selected new vessels from tkgdeyualification batch of at least
10 vessels will be hydraulically pressurized ubtitst (6.4.2.1 test procedure). All
vessels tested must have burst pressufe0$ NWP and within 10% of BPif not,
BPy is reset to the highest burst pressure measuatdstgreater than the original BP
supplied by the manufacturer. The resultan§ BRised to satisfy requirements of
B.5.1.2.8 and B.5.1.3.5 for design qualificatioerfprmance verification) and
Conformity of Production (A.5.1.2.7).

» » SGS-8 GWS comment #18: proposed text for ratiorfallows:

A.5.1.2.6.i(a). Rationale for A.5.1.3.6.i: Veightion Tests for Consistence of
Performance in Design Qualification -- Burst Pressel Design qualification

provides assurance of on-road performance onlysteams tested in design
qualification are representative of all producedrstge systems. Safety risk results if a
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system tested in design qualification is considigratyonger or more durable or more
reliable than the typical system. Therefore, desjgalification provides testing to
verify that variability in burst pressure is withianges accommodated by qualification
testing. Vessels that are significantly strondemt the intended production mid-point
cannot be presented for design qualification tegtinif a significant difference in
strength from the intended production median isa@igred, the production median is
adjusted to assure that production units have coaiga strength to the units
presented for design qualification. The manufaatwannot present systems for
testing that have superior properties to expectedipction units, and cannot give a
low value for BPo to allow for production of weakaenits.

€ Requirement for consistency of batch remains unadensideration at OICA
€ SGS-7 Discussion:add rationale to capture discussion in SGS-7 — ancoodated
in A.5.1.2.6.i(a)

ii. Pressure Cycle Life. The manufacturer wilpply documentation (measurements and
statistical analyses) to establish that the pressyle life (PCL) if every production
unit is >5500. In addition, the manufacturer will suppbcdmentation to establish the
median pressure cycle life of new storage contajrifeCly, or the manufacturer may
simply document that PGlis >11,000 cycles (2 times the minimum number of cycle
required for all production units).

Three (3) randomly selected new vessels from tkgdeyualification batch of at least
10 vessels will be hydraulically pressure cycled26% NWP for 11,000 cycles or
until leak occurs (B.6.2.2.2 test procedure). \Witsels tested must have a pressure
cycle life >5500. If no leak occurs within 11,000 cyclesnttige recorded pressure
cycle life is equated to 11,000. If all 3 vesssnot have a pressure cycle life within
25% of PClg, PCLy is set to the highest cycle life measured thgtesiter than the
original PClg supplied by the manufacturer. PGAdll be used to satisfy requirements
for Conformity of Production with Design Qualifican (A.5.1.2.7).

» » SGS-8 Germany comment #18: suggests following sexteplacement of of
A.5.1.2.6.ii

At least 3 new storaggystemswill undergo ambient hydraulic pressure cyclingnfr
<2MPa to 150%NWP without ruptugg leak for 11,000 cycles (2 times the number of
cycles required for 5.1.2.2.1.4)-e+untiHeak-ascThe pressure cycle life, PCL, of a
storagesystemis the number of cycles until leaRycle tests should be continued to
failure . All 3 storagesystemsmust have a pressure cycle life, PCL, within 25%GL0.
PCLO, the average of the measured PCLs, is thdilageessure cycle life for 5.1.3.2.

» » SGS-8 GWS comment #19: proposed text for rationak®llows:
A.5.1.2.6.ii(a) Rationale for A.5.1.3.6.ii: Verification Tests faConsistency of
Performance in Design Qualification — Pressure CygdLife.
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Design qualification provides assurance of on-rgadformance only if systems tested
in design qualification are representative of albbduced storage systems. Safety risk
results if a system tested in design qualificatooonsiderably stronger or more
durable or more reliable than the typical system.

The, design qualification provides testing to wetifat if the mid-point of pressure
cycle life measurements is close to the minimurfopeance requirement, then the
variability in pressure cycle life should not belagye as to leave doubt that a much
superior system may be qualified but routine proidmcsystems with much lower
fatigue resistance may not have reserves suffiteesatisfy the full series of testing
even though they may satisfy the 5500 ambient-tettype pressure cycle life
minimum. To prevent manufacturers from establgiproduction targets (such as
PCLo) that are substantially less than the capapiif vessels presented for design
gualification, the production target is adjustedriéssels presented for testing differ
significantly from the production target, PCLo, pided by the manufacturer. Note:
that the requirement for production monitoring taintain the mid-point pressure
cycle life over multiple batches only applies teteyns designed for pressure cycle life
below 11,000; i.e., close to the minimum. If vissaree designed to have a pressure
cycle life close to the minimum requirement, thimee the variability should be tightly
controlled or the targeted production pressure eylde, PCLo, should be high enough
to accommodate the wide variability.

» » SGS-8 OICA comment #14: Not clear when in the ead high variability the

value is set the highest one. To be clarified.

-- note: A.5.1.2.6.ii(a) suggests rationale téat added clarity

SGS-8: revisit later

€ [SGS-7 Discussion: This is to prevent manufactusdrom establishing

production targets less than the capability of velsspresented for design
qualification. Also, vessels presented for desmmalification should be
representative of expected nominal performancelud fjualification batch (and
production batches). Also, if vessels are desigtetave a pressure cycle life close
to the minimum requirement, then either the varidity should be tightly controlled
or the nominal (median) pressure cycle life sholwd high enough to accommodate
the wide variability.]

€ SGS-7 Discussion: Requirement for consistency ofdbaremains under active
consideration at OICA

A.5.1.2.7 Verification Tests for Conformity of Poduction with Design Qualification
Design qualification testing is only meaningfuthie tested unit(s) is representative of
expected performance of production units. Marntufacs are expected to ensure that all
production units meet the requirements of perforrearerification testing in B.5.1.2.
Establishing of key metrics of units tested forfpenance is required for documentation of
correspondence of manufacturing units.
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Manufacturers of storage systems must providedh@iing information to regulatory
authorities upon request.

i Documentation of Routine Production (Each PradiUnit). Documentation should
include results of routine leak tests, proof pressests, and dimension, and NDE
examinations verifying that expansion and flaw siaee within design specifications.
Documentation should show that components providiagure functions, such as the
shut-off valve, check valve and the TPRD meet itrgustandards.

€ SGS-7 Discussion: observation that specificpestedures for dimensional and
NDE examinations are not detailed — responsibdaftgnanufacturer to select
appropriate testing for system design and materiaist fully discussed at SGS-7.

ii. Documentation of Periodic Production Testat@/Lot Tests). Documentation should
include measurements and statistical analysestassahfirm:

(a) that the initial burst pressure of every producet is >180% NWP and 90%
BP, (established in B.5.1.1.1 and discussed in A.%)..4The requirement that the
burst pressure of production units be controlled 9% BPo and 280% NWP
provides assurance that the full range of produnctessels are accommodated in
performance requirements and effectively requinas BPo >200% NWP.]

» » SGS-8 GWS comment #10: proposed revised textleorfication:
Appropriate multi-batch statistics shall be usedhtonitor trends in the overall
production midpoint, and appropriate corrective iactwill be undertaken as
needed to maintain the midpoint burst pressurendtiat > BPo.

A.5.1.2.7.ii(a)(1) Rationale for A.5.1.2.7.ii(&)contained within A.5.1.2.6.i(a)

€ SGS-7 Discussion: Requirement for conformity ofgatuction remains under
consideration at OICA

€ SGS-7 Discussion: Clarification (“appropriate statics ... “ and rationale
drafted based on SGS-7 discussion

(b) that the average (hydraulic) pressure cyfdedf new storage containers iP€Ly
(established in B.5.1.1.2 and discussed in A.$5) @nd that the pressure cycle life
of every produced unit is 5500.

» » SGS-8 GWS comment #10: proposed revised text for
clarification:Appropriate statistics of batch pressure cycle hieasurements shall
be used to verify the multi-batch production midpds maintained at PCLo

A.5.1.2.7.ii(b)(1) Rationale for A.5.1.2.7.ii(i§ contained within A.5.1.2.6.ii(a):

€ SGS-7 Discussion: Requirement for consistency afdih mains under
consideration at OICA
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5.2 LIQUEFIED HYDROGEN STORAGE
€ SGS-6&7 Discussion: Add Part A section for liquefl hydrogen storage system to this
section to specify the rationale for the requirentsrestablished in part B for the integrity of

the liquefied hydrogen storage system. Germany mribvide text.

€ SGS-6&7 Discussion: Germany to provide rationalepfoposal for liquefied storage
requirements

5.3. VEHICLE FUEL SYSTEM REQUIREMENTS & SAFETY CO NCERNS

5.3.1 IN-USE REQUIREMENTS

€ SGS-7 DiscussionBelow are the items from the TUV proposal that wesemmended for
Part A. Draft an explanation why the SGS decibehove these proposed requirements to
part A (e.g., no performance test procedure (onlyective visual inspection); expectation of
need for qualitative judgements to adjust to futdesign innovations, regulatory goal to avoid
prescriptive requirements that historically leaditaitation of technology/design
advancements.)

» »SGS-8 several parties’ comments: discuss decistormove material to Part A

A.5.3.1.1 The following features of the fuel siam are recommended practices for
continued safe vehicle performance:

a. The hydrogen fuel system of a vehicle shall funciima safe and proper manner. It shall
reliably withstand the chemical, electrical, medbahand thermal service conditions.

b. The materials used in the hydrogen fuel systen beatompatible with gaseous or liquid
hydrogen.

c. A hydrogen fuel system shall fulfil at least théddwing functions:
I. refuelling
(a) protection against overpressure
(b) excess flow protection
(c) automatic shut-off (automatic isolation of thelfsirage system)
(d) safety management
ii. boil-off management for LH2

d. No component of the hydrogen fuel system, including protective materials that form

part of such components, shall project beyond thkne of the vehicle or protective
structure.
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e. The hydrogen fuel system shall be installed suahiths protected against damage under
normal operating conditions.

f. An excess flow system for the fuel line and thienfij line shall be part of the hydrogen
system

g. A pressure relief device shall be provided andhillesti into the opening of a container or
at least one container in a container assembiytomln opening in a valve assembled
into the container.

€ SGS-7 Discussion: This issue is being addressethikystorage system’s fire test. Provide
explanation in Part A.

» » SGS-8 JASIC comment #5: require TPRD, check vadvshut-off valve to be mounted
directly on or within each container.

» » SGS-8 Japan comment (slides on Japan crash tesBtionale for requiring PRD, shut-
off valve and check-valve on each gas storage Masdbat vehicle crash testing can’t cover all
on-road events, so leak risks may be missed. Aaltiil requirement may reduce risks not
covered by crash tests.

h. Rigid fuel lines shall be secured such that theflsot be subjected to critical vibration
or other stresses, e.g. they shall be supportad mterval of 1 m or less.

€ SGS-7 Discussion: Justification for not acceptirnige Japanese requirement shall
be provided in part A. Also, recommended practicas be mentioned as part of the
write-up.

i. During the refilling process the hydrogen systeialdiave the means to provide
electrical continuity with the refilling facilitiebefore hydrogen transfer is permitted.

€ SGS-7 Discussion: Japan will provide test data fiestification.

J.  The fueling receptacle shall be secured againsdpatment and rotation. The
receptacle shall also be protected from unauthdiiierference, and the ingress of dirt
and water as far as is reasonably practicableadagked hatch. It shall be safe against
reasonably foreseeable handling errors.

k. The gas fueling receptacle shall not be installeithé passenger compartment, luggage
compartment and other places where ventilatiomisufficient.

A.5.3.1.2 Rationale forHydrogen discharge system (B.5.3.1.2)

A.5.3.1.2.1 Pressure relief systemd he vent line of storage system discharge syst@fRDs
and PRDs) should be protected by a cap to preveckdge by intrusion of objects such as dirt,
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stones, and freezing water. Hydrogen exhaust dhmtlbe directed to cause damage within the
vehicle — hence, not at exposed electrical termjredposed electrical switches or other ignition
sources. It should not be directed to cause aclatio within the vehicle — hence, not at
passenger or luggage compartments. High presgaieadge should not release directly toward
potential approaching emergency responders — hanté&rward or horizontally (parallel to the
ground).

A.5.3.1.2.2 Fuel cell / engine exhaust systems.

» » SGS-8 GWS comment #8: propose the following raléon

In order to ensure that the exhaust discharge fthenvehicle is non-hazardous a performance-
based tests is defined to demonstrate that th@mnaginon-ignitable.

The 3 second rolling-average accommodates extreshelst, non-hazardous transients up to 8%
without allowing ignition. Tests of flowing disechyas have shown that propagation from the
ignition source readily occurs above 10% hydrodmit,does not propagate below 8%
hydrogen. (SAE Technical Pap®07-01-437 ,Development of Safety Criteria for Potentially
Flammable Discharges from Hydrogen Fuel Cell Vedstl(2007 SAE World Congress)). By
limiting the hydrogen content of any instantanepeak to 8%, the hazard to people near the
point of discharge is controlled even if an ignitisource is present. The time period of the
rolling-average is determined to ensure that thecgparound the vehicle remains non-
hazardous as the hydrogen from exhaust diffuseghet surroundings; this is the case of a
idling vehicle in a closed garage. In order t@ddly gain acceptance for this situation by
building officials and safety experts, US buildsagles and internationally-recognized standards
such as IEC 60079 require that the space be less 26% LFL (or 1% hydrogen) by volume.
The time limit for the rolling-average was detersdroy assuming an extremely high hydrogen
discharge rate that is equivalent to the input tb0® kW fuel cell engine. The time was then
calculated for this hydrogen discharge to fill theminal space occupied by a passenger vehicle
(4.6m x 2.6m x 2.6m) to 25% LFL. The resultaneétiimit was conservatively estimated to be 8
seconds for a “rolling average”, demonstrating thtae 3-second used in this document is
appropriate and accommodates variations in garagel engine size.

A.5.3.1.3 Rationale for Protection against flammble conditions: Single Failure
Conditions (B.5.3.1.3). Dangerous situations can occur if unintendeddgalof hydrogen
reaches flammable concentrations.

€ SGS-7 Discussion: several issues remain undersideration with regard to telltale;
continue discussion in SGS-8.

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

b. Protection against the occurrence of 4% bymwea hydrogen in air (or greater) in the

passenger compartment, luggage compartment, asdsspéthin the vehicle that contain
unprotected ignition sources is important.
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i. Vehicles may achieve this objective by design €oammple, where spaces are
vented to prevent increasing hydrogen concentrgltion

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

(&) The SGS agreed that the GTR should include a gimvrequiring a
telltale/warning system that would alert the driwdren hydrogen leakage
results in concentration levels at or above 4% ddyme within the passenger
compartment, luggage compartment, and spaces wtotected ignition
sources within the vehicle. The SGS also agredditeaelltale should alert
the driver in case of a malfunction of the hydrodetection system.

» » SGS-8 OICA comment #16: “... shut off valve ...” raghthan “pressure relief
valve”
—comment is accommodated in text above.

(b) The GTR requires that the system shall be ablegpand to either scenario
and instantly warn the driver. The shut-off telitahall be inside the occupant
compartment in front of and in clear view of thévdr. The group discussed
also whether it is necessary to make the tellt@enmg visual only or in case
of the shut-off, add an audible warning. Theredslata to suggest that the
warning function of the telltale would be diminishi¢it is only visual so for
the time being the group did not add the requirertieat the warning should
be audible as well. It is up the manufacturer toidie whether they would like
to add this feature.

(c) Telltale Color Requirement: The SGS agreed tatwo scenarios for the
warning to go off should be differentiated so tthet driver and occupants can
make appropriate decisions. It was agreed thatdloe of the light for the
system working correctly (“On/Run”) should be grektanufacturers are
permitted to use the telltale in a steady or flaghmode to indicate normal
operation of the system.

(d) Malfunction of the detection system warning: Tmneup believed that
differentiating between the two scenarios will clg@ommunicate to the
driver exactly which condition is occurring andifaate better decisions by
the driver. In case of the detection system fajltine telltale warning light
should be amber/orange. In case of the emergentyoéhof the valve, the
telltale light should be red. In the context of thydrogen system telltale, the
amber/yellow warning would be “cautionary”, commeating properly to the
driver the level of urgency with which the drivéradl seek to remedy the
malfunction of this important safety feature. Sgeally, in case of the
detection system malfunction it shall not be nemgst® stop and abandon the
vehicle. It was discussed in the group that in stade, the driver would
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continue driving to the destination or place, whereould be reasonable to
expect that somebody would be able to inspectedsaruice the vehicle.

(e) Telltale labeling: While the group agreed on tkeechfor the hydrogen
detection system malfunction and the hydrogen acostahut-off telltale,
there was no consensus among the participantsvelsatiosymbol should be
used for the telltale; how it should be identifidd.terms of labeling the
hydrogen system malfunction telltale, it was disaasto label the telltale with
a letter “H”, the international symbol for hydroggam the Periodic Table of
Elements. It is also the letter “H” that that tlsgdnese manufacturers chose
as symbol for the hydrogen system telltales inrthehicles. SGS, however,
after considering comments from all stakeholdersluding the industry, did
not stipulate what symbol to use at this point.

(H Telltale location: The SGS is leaving the locatadithe telltale up to the
manufacturers in recognizing that stipulating acéfpelocation would not
increase or decrease safety of the hydrogen veltictealso anticipated that
manufacturers would like to have the discretion thvbeto place such
warning on the panel or heads up display. Inst8&f members believe it is
sufficient to stipulate that the telltale shallibehe direct and clear view of
the driver while in the driver’s designated seatwogition with the driver’s
seat belt fastened ensuring that manufacturerchabse a reasonable
location for the telltale. The group, thereforegsimot anticipate that the
manufacturer would place the telltale in a lessypn@nt location such as the
vehicle’s central console, for example.

» » SGS-8 ISO member comment: “The tell-tale shoulel frescribed. Same
warning when conditions of 5.2.1.2.3 are met.” (48d system malfunction)

€ SGS-6 Discussion: Insert rationale for TPRD disatge directions

€ SGS-6 Discussion: Insert rationale for exhaust Higscharge limit
Description of the fuel cell’'s operation and itsstiharge of diluted fuel; and
exhaust system’s operation including figures...

Explain the 3-second moving interval

A.5.3.1.4 Lower Flammability Limit (LFLXBackground for B.3.9)owest concentration of
fuel in which a gas mixture is flammable. Natioaal international standard bodies (such as
NFPA and IEC) recognize 4% hydrogen in air as tRe.LSee the US Department of Interior,
Bureau of Mines Report 503 for further informatidAlammability limits (LFL, UFL) depend on
mixture temperature, pressure and the presencéutibd gases, and are assessed using specific
test methods (e.g., ASTM E681-04). While the LRElue of 4% is appropriate for evaluating
flammability in general surroundings of vehiclesmside passenger compartments, this criterion
may be overly restrictive for flowing gas situasomhere ignition requires more than 4%
hydrogen in many cases. Whether an ignition soatreegiven location can ignite the leaking
gas plume depends on the flow conditions and the ¢f ignition. At 4% hydrogen in a

stagnant room-temperature mixture, combustion céyypropagate in the upward direction. At
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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.

€ SGS-6 Discussion: Insert NHTSA test report on finazard study.

5.3.2 POST CRASH REQUIREMENTS

€ SGS-7 Discussioninsert explanation for contracting parties maintaing their existing
crash tests in phase 1.

€ SGS-7 Discussion:Explain the heat calculation from gasoline to hydgen. Explain the
different between the Japanese limit and OICA limftheck Japan’s presentation submitted in
SGS-5)

€ SGS-7 Discussioninsert explanation for crash test leakage limit andonitoring time.
€ SGS-7 Discussion:nsert explanation for alternative fuel for crashest

» » SS-8 GWS comment #9: proposed text follows:
A.5.3.2.1 Rationale for crash test leakage limd aorrespondence to requirements for gasoline
vehicles.
The criterion for post-crash hydrogen leakage setaon allowing an equivalent release of
combustion energy as permitted by FMVSS 301 foolyae vehicles. Using 42.7 MJ/kg as
the lower heating value for gasoline, an allowadsiergy loss of 72 590 kJ is permitted over
the 60 minute interval after motion has ceasedS QOT Transportation Energy Data
Book: Liquid Fuel/lLHV (MK/kg): conventional galoe/43.438, reformulated or low-
sulfur gasoline/42.348, CA reformulated gasoline#d9, US conventional diesel/42.781,
Low-sulfur diesel/42.602)
The allowable loss of hydrogen (on a mass basisheacalculated using the lower heating
value of hydrogen (119 863 kJ/kg) as follows:
m, = 72590kJ  _ 0.606kg
119863%J/kg
Converting this mass of hydrogen to an expandediwelat standard temperature (15C) and

pressure yields:
6069 288

x 22.41L/mol x === =7107L
2(1.00794)y/mol 273

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 tihécles release the vehicle hood, or injure a
person standing 1 m from the vehicle (SAE TecHriteger 2007-01-0428 “Diffusion and
Ignition Behavior on the Assumption of Hydrogen kage from a Hydrogen-Fueled
Vehicle”).

The loss of fuel represents the allowable releaséhke entire compressed hydrogen storage
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system on the vehicle. In the case of multiple bgén storage tanks that are isolated from
each other after crash, it may be necessary toureaydrogen loss individually (using the

approach in this appendix) and then sum this terdehe the total loss of compressed
hydrogen from the vehicle.

5.3.3 SUPPLEMENTAL REQUIREMENTS FOR TYPE APPROVAL OF FUEL
SYSTEMS

» » SGS-8 several parties’ comment: consider movingenial in A.5.3.3 to Part B
A.5.3.3.1 Overpressure protection for the low presure system.

» » SGS-8 Germany comment #38: proposed test

The hydrogen system downstream of a pressure redshall be protected against
overpressure due to the possible failure of thegsere regulator. The set pressure of the
overpressure protection device shall be lower tl@requal to the maximum allowable
working pressure for the appropriate section of thgdrogen system.

» » SGS-8 ISO member:Gverpressure protection for the low pressure system should be
covered.” — accommodated by Germany proposed text

» » SGS-8 USA comment: put overprotection provisiondliart A for Type Approval —
accommodated by proposed text above (Germany corm#fi)

€ SGS-7 Discussion: Insert rationale for [not] regating the secondary pressure system
(downstream of the pressure regulator)
-- See A.5.3.3.1.a for this rationale.

A.5.3.3.1.a Rationale for Overpressure Protectiom Part A rather than Part B
» » SGS-8 USA comment: following text provided for iatale

I.  An overall policy and specific provisions for detiea of leakage of hydrogen fuel in
the enclosed and semi-enclosed areas have alreadyelstablished. These
provisions require shutoff of the fuel system andaaning to the driver in the event
that hydrogen gas reaches 4% concentration leveél®ose areas. The concern with
downstream pressure limits is to prevent leakspanssible bursts. The provisions
mentioned in this paragraph (i.e., shutoff at 4%gaaly address the leakage scenario.
The following rationales will explain that it's naecessary to regulate low pressure
system for burst.

ii. Itis not necessary to regulate hydrogen systemsetream of the compressed
hydrogen storage system based on the fact thal#tems are less than 25 bar-liters
as used in the European Pressure Equipment Diee@®&D). While the survey of
all manufacturers is incomplete, it seems highbbably that all current and
foreseeable hydrogen systems (even for buses)aréess than 25 bar-liter trigger-
point of the PED. These systems, therefore, daomtain adequate “energy” to
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pose a significant hazard. Even with an ultra-coregeve burst calculation, the real
risk is within a couple feet of the burst.

iii.  While injuries are possible if people are withins# proximity and underneath of the
vehicle floorof the low pressure hydrogen systems, the likelihaad severity of
such events can be effectively managed throughgbef “standard engineering
practice” (SEP) as defined in many existing stagslauch as SAE J2579. In the
USA, the occupation safety and health agency (OSk#k rules would require
lock-out; tag-out (LOTO) before any repairs on linvg pressure system itself. We
expect that other countries would have similartygfeocedures when servicing
pressure systems.

iv.  Currently, there are other critical componentsheffuel system that would result in
worse consequences in the event of malfunction aadbel shut-off valve or thermal
PRD — and we do not have any provisions for those.

v. The vehicle’s safety is being addressed at thesy#vel and that subjective "design
guidance" requirements, component-level requiremeamtd in some cases design-
specific requirements are appropriate for industges and standards, which provide
a valuable resource to help manufacturers desgynphoducts in accordance with
best industry practices. Thus, industry codessaadards are ideally suited for this
type of requirements. It is not necessary for goveent regulations and this GTR to
micro-manage specific component designs by includurch detailed provisions.

vi.  This requirement is provided in Part A of the GTRaaecommended advisory — not
as specific regulatory requirement in Part B of B1ER.

A.5.3.3.2 Air Tightness of Piping.
The fuel system shall be tested for hydrogen lealeagording to test procedure B.6.1.4.

» » SGS-8 USA comment: move provisions for Air Tightiseto Part A section for
supplemental requirements for Type Approval

»» SGS-8 ISO member comment: “Airtightness test asiait-off valves: There is a need
for further discussion on these matters.*

» » SGS-8 JASIC comment #6: following text providasl draft Rationale for Air Tightness
Testing

A.5.3.3.2.1 Basic Concept. Due to its low mdbroweight, hydrogen leaks more easily than
other gases. Also, because it diffuses extensivelie is a risk of explosion when hydrogen-air
mixtures that are within the flammable range acclateuin an enclosed space. For these
reasons, the Japanese standards are designed laste following three principles:

a. No hydrogen leaks shall occur.

b. If any hydrogen should leak, it shall be detdcnd shut off.

c. If any hydrogen should leak, it shall not acalate and/or enter closed or semi-closed
spaces.
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A.5.3.3.2.2 Hydrogen Leak Test for the Pipinge3gs

Since it is essential that no hydrogen leaks oattine hydrogen system, including the fuel
piping system, the standards state that no gasleh&ll occur in the hydrogen system.

Although the permissible hydrogen leak amount atithne of crashes is specified as a
performance requirement, the crash test conditigpged, crash point, crash direction) merely
represent the most statistically-probable condgiaiserved in data on many traffic accidents in
various regions and do not cover all the possiladeditions.

The purpose of this crash test requirement is &v@nt dangerous leaks even in the unusual
situations under the normal use and thus does madre that no hydrogen leaks will occur
under any condition. Likewise, the requirementtall hydrogen sensors in the vehicles is
designed to ensure safety in the event of any ygdréeak based on Principles b and c.

For these reasons, some kind of provision will beessary to confirm that no hydrogen leaks
occur (Principle a). As regards the piping systéme, performance requirement to test new
vehicles for leaks at the specified locations anhiidrogen system with valve checker or gas
detector will be necessary.

* Additional Explanation

This standardization is necessary because, unaeddpanese Safety Regulations, the same tests
as those performed on in-use vehicles at the tinperodic inspection must be performed on
new vehicles at the time of type approval testsigvall.

A.5.3.3.3 Markings

€ [SGS-6 Discussion: should a label shall be proudgose to the receptacle, for example,
inside a refilling hatch, showing the following irdfrmation: gas type (GH2 or LH2) “xx”
MPa for GH2-storage systems where “xx” = nominal vking pressure of the container(s).]

» » SGS-8 Germany comment #41: proposed text:
A label shall be provided close to the receptdoleexample, inside a refilling hatch,
showing the following information:
- gas type(GH2 or LH2)
- NWP = “xx” MPa @ 15°C for GH2-storage systems where “xx” = nominal warki
pressure of the container(s).at 15°C which desstibe permitted filling mass
- MAWP = *yy” MPa for GH2 and LH2 storage systems to show the maximu
allowable working pressure for the tank and thénlggessure components
- Removal of containers from service latest: mm.yydate of date of removal from
service of containers
Comments: Canada - service/inspection date and emd life based on miles driven.
OICA - need to identify where to place the informaibn for (1)fueling (2) container.

SGS-8: members provide a recommended list of inforation for label and marking.

5.4. ELECTRIC SAFETY REQUIREMENTS & SAFETY CONCERNS
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Purpose: This section specifies the requiremeamtgdhicle’s high voltage system.
A.5.4.1 In-Use Requirements
A.5.4.2 Post-Crash Requirements

€ SGS-7 DiscussionDescribe the Japanese regulation; Other governmeggulations and
Industry standards

6. DISCUSSION OF KEY ISSUES
€ SGS-7 Discussion: Define topics

7. BENEFITS AND COSTS
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B. TEXT OF REGULATION

1. PURPOSE

B.1 This regulation specifies safety-related pemiance requirements for hydrogen-powered
vehicles. The purpose of this regulation is toimire human harms that may occur as a result
of fire, burst or explosion related to the vehiktlel system and/or from electric shock caused by

the vehicle’s high voltage system.
» SGS-8 Germany comment #10: text marked in yellovBil

2. APPLICATION / SCOPE

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

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

Hydrogen-powered vehicle: any motor vehicle thegsucompressed gas or liquefied hydrogen
as fuel to propel the vehicle including fuel celdanternal combustion engine vehicle.

B.3.1 Vehicle fuel system: all components usestore or supply hydrogen fuel to the storage
system or to the fuel cell module or internal costlmn engine (ICE).

B.3.2 Storage system: The Hydrogen Storage 8ystasists of the pressurized container(s),
Pressure Relief Devices (PRDs), shut off device(s)l, all components, fittings and fuel lines
between the container(s) and these shut off des)itleét isolate the stored hydrogen from the
remainder of the fuel system and the environment.

» » SGS-8 JASIC comment #5: delete text marked yeliows.3.2

B.3.3 Pressure relief device (PRD): A device,thditen activated under specified performance
conditions, is used to release fluid from a pragsdrsystem and thereby prevent failure of the
system. Thermally activated PRDs remain open antigated and are designated TPRDs.

B.3.4 Pressure relief valve: A pressure reliefickethat opens at a preset pressure level and can
re-close.

B.3.5 Check valve: A valve that prevents revéia® in the vehicle fuel line.

B.3.6 Shut-off valve: A valve between the storagetainer and the vehicle fuel system that
can be automatically activated and defaults tactbged position when unpowered.

B.3.7 Single failure: a failure caused by a Erayent, including any consequential failures
resulting from this failure.
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B.3.8 Fuel cell module: Fuel cell modules armpdsed of one or more fuel cell stacks;
connections for conducting fuels, oxidants, andaesks; electrical connections for the power
delivered by the stacks; and means for monitormdj@ control. Additionally, fuel cell modules
may incorporate means for conducting additionatlfie.g., cooling media, inert gas), means
for detecting normal and/or abnormal operating @k, enclosures or pressure vessels, and
ventilation systems.

B.3.9 Lower Flammability limit (LFL): Lowest coeatration of fuel at which a gaseous fuel
mixture is flammable at normal temperature andsanes The lower flammability limit for
hydrogen gas in air is 4% by volume (A.5.3.1.4).

» » SGS-8 OICA Comment #17: provide value for LFL --  provided in text above and A.5.3.1.4

B.3.10 UFL: Highest concentration of fuel at whtbere is sufficient oxidant in the gas
mixture for the mixture to be flammable. The UFLhgtdrogen is 74% in air.
Remove if not used in section 5.

B.3.11 The exhaust’s point of discharge: geoimegnter of the area where fuel cell purged
gas is discharged from the vehicle.

B.3.12 High voltage: Classification of an electtomponent or circuit, if its maximum
working voltage is > 60 V and [1500] V of direct current (DC) or > 30 V ard1000] V of
alternate current AC.

B.3.13 High voltage: High voltage is definedgasater than or equal &9 VDC and 30 VAC.
Refer to ELSA document

B.3.14 Enclosed or semi-enclosed spaces: Volumtbes the vehicle (or the vehicle outline
across openings) that are external to the hydregstem and its housings (if any) where
hydrogen may accumulate (and thereby pose a hazaet)as the passenger compartment,
luggage compartment, cargo compartment, or spatder ihe hood.

»» SGS-8 OICA comment #17: text above

» » SGS-8 Germany comment: similar text -- exceptifeclusion of space under vehicle,
which requires SGS discussion

SGS-8: Text accepted

4. GENERAL REQUIREMENTS

B.4.1 Each hydrogen-powered vehicle shall meztélquirements of section 5.1 and 5.2. In
addition, vehicles using high voltage shall meetrgguirement of section 5.3.

B.4.2 Each contracting party under the UNECE 1A8§&ement will maintain its existing
national crash tests and use the limit values af@®5.1.3.1 for compliance.
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5. PERFORMANCE REQUIREMENTS
5.1 COMPRESSED HYDROGEN STORAGE SYSTEM

€ Chair Comment: As a result of consensus at theuglapest and Mainz meetings, the

OICA proposal is accepted as the working draft foithe storage requirements for this GTR.

» » SGS-8: Section 5.1, contains OICA’s recommendatfor the storage system --
corresponding relevant recommendations receivedir8GS participants are marked by
the symbolm» »

B.5.1 This section specifies the requirementgHerintegrity of the compressed hydrogen
storage system. As illustrated in Figure B.5.fh&,hydrogen storage system consists of the
high pressure storage container(s) and closurepeafings into the high pressure storage
container(s). Closures include the temperaturieated pressure relief device(s) (TPRD), check
valve(s), shut-off valve(s) and all componentsinfgs and fuel lines that isolate the high
pressure storage system from the remainder olgtlesf/stem and environment. Télgeck

valve, shut-off valve and TPRD(s) shall be mountedirectly on or within each container.

TFG — agreement with Japan’s proposal.
SGS-8: OICA raised reservation. The rationalé bélprovided in part A.

Storage
Container

Figure B.5.1.1 Generic Hydrogen Storage System
» » SGS-8-05 1SO comment #4 1SO recommends specifyin g 4 types of tanks. A new technology
may have failure mode that are linked to service co  nditions that have not been planned in the
testing. A re-evaluation of the test program shoul d be done before allowing new types of tanks.
Also, by keeping the types of tanks, the testing pr ~ ogram can be adjusted based on the known
failure mode. For example, only Type IV tanks have  to be subjected to the permeation test.

TFG — keep item open for SGS meeting

SGS-8: decision to not specify tank type; Germstayes study reservation; and everyone is requéestagdmit

text for rationale in part A.

The hydrogen storage system will be qualified soglkrformance test requirements specified in
this Section B.5.1. All new hydrogen storage syst@roduced for on-road vehicle service must
be capable of satisfying requirements of B.5.Qualification requirements for on-road service

include:
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B.5.1.2 Verification Test for Performance Duréiil

B.5.1.3 Verification Test for Expected On-Roadf&snance

B.5.1.4 Verification Test for Service TerminatiRgrformance
The test elements within these performance req@ntésnare summarized in Table B.5.1. Test

procedures are specified in Section B.6.

» » SGS-8 ISO comment # 8: The proposed tests alleustder discussion in the SGS.

TFG — remove; already part A, section A.5.1.2.4

These criteria apply to qualification of storagstsyns for use in new vehicle production. It does
not apply to re-qualification of any single proddaystem for use beyond its expected useful
service or re-qualification after a potentiallyrsigcant damaging event.
€ SGS-7 Discussion: move previous paragraph to PPt

Table B.5.1

Overview of Performance Qualification Test Requirenents

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

5.1.1.2 Baseline Initial Pressure Cycle Life

Note: SGS-7 DRAFT listed an
alternative hydraulic test for

hydraulic test — consistent with
OICA recommendation to SGS-8.

B.5.1.2 Verification Test for

Performance Durability
(sequential hydraulic tests)

systems meeting material B.5.1.2.1 Proof Pressure Test
requirements (B.6.4.1.6). SGS-7Y B.5.1.2.2 Drop (Impact) Test
discussion accepted the B.5.1.2.3 Surface damage
alternative test as the baseline B.5.1.2.4 Chemical Exposure and

Ambient Temperature
Pressure Cycling Tests

B.5.1.2.5 High Temperature Static

Pressure Test

B.5.1.2.6 Extreme Temperature

Pressure Cycling

DRAFT

B.5.1.2.7 Residual Proof Pressure Test
B.5.1.2.8 Residual Strength Burst Test
Note: SGS-7 DRAFT listed an
B.5.1.3 Verification Test for Expected alternative to the pneumatic series
On-road Performance testing. OICA/Japan response to
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(sequential pneumatic tests)
B.5.1.3.1 Proof Pressure Test
B.5.1.3.2 Ambient and Extreme
Temperature Gas Pressurg
Cycling Test (pneumatic)

B. 5.1.3.3 Extreme Temperature Static
Gas Pressure
Leak/Permeation Test
(pneumatic)

B.5.1.3.4 Residual Proof Pressure Test

B.5.1.3.5 Residual Strength Burst Test
(Hydraulic)

A} %4

SGS-7 request for resolution of
pneumatic testing alternatives is list
here (left column) — requirement of
pneumatic test series for all
compressed storage systems.
Requirement to satisfy material
requirements (B.6. 2.1) is retained i
material test requirements listed in
A.5.1.2.3 for Contracting Parties
having Type Approval certification
regulations.

—

B.5.1.4.1 Fire Test (pneumatic)

B.5.1.4 Verification Test for Service TerminatingPerformance

~ Pneumatic tests

B.5.1.1 Verification Tests for Baseline Metrics

B.5.1.1.1 Baseline Initial Burst Pressure.

The manufacturer shall supply documentation (megsents and statistical analyses) that
establishes the median burst pressure of new g@@gainers, B The BR is used to satisfy
requirements of B.5.1.2.8 and B.5.1.3.5 for degjgalification (performance verification).

Three (3) new containers selected from-the-desigiifeggation batch of at least 10 containers
will be hydraulically pressurized until burst (B2&.1 test procedure). All vessels tested must

have a burst pressure within 10% of,BP

TFG — Text changed for clarification

SGS-8: Provide a rationale and example in part A.

» » SGS-8 Germany comment #17: suggests following gexteplacement of A.5.1.2.6.i
Baseline Initial Burst Pressure Test: At leaste3wstoragesystemawill undergo a
hydraulic burst test. The following requiremertialsbe demonstrated:

1. The initial burst pressure of each contaireril80% NWP,
2. BPo, the average value, shall b260% NWP and
3. The manufacturing variability of the 3 burssuéts shall be< 20% NWP

» » SGS-8 GWS comment #17: replace “median” with “mpdint”

TFG - Comment on whether the 5.1.1.1 and 5,1,2 testddshewlone at system level or container? Can the

hydraulic tests be done with all attachments? Get informatiom Germany/technical service center.

DRAFT
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SGS-8: Tests can be done at the container level except for thiebon

TFG - recommends removing the above ISO’s requiréme
B.5.1.1.2 Baseline Initial Pressure Cycle Life.

Three (3) new vessels selected from the designfigaséibn batch of at least 10 vessels will be
hydraulically pressure cycled to 125% NWP withauiture for 11,000 cycles (2 times the
number of cycles required for 5.1.2.) or until leadcurs (B.6.2.2.2 test procedure). The
pressure cycle life, PCL, is the number of cyclesl leak. All vessels tested must have PCL >
5500. If no leak occurs within 11,000 cycles, tiR€L is equated to 11,000. If all 3 vessels do
not have a PCL within 25% of PGLthe nominal (average) PCL supplied by the mariufac,
then PCl is set to the highest cycle life measured thgtester than the original P@kupplied

by the manufacturer.
» » SGS-8 ISO comment #11: This LBB test should be ret ained in the GTR

» » SGS-8 Germany comment #18: suggests following sexteplacement off of
A.5.1.2.6.ii
At least 3 new storaggystemswill undergo ambient hydraulic pressure cyclingnfir<2MPa to
150%NWP without rupturer leak for 11,000 cycles (2 times the number of cyclegined for
5.1.2.2.1.4)eruntiHeak-eceur§he pressure cycle life, PCL, of a storggstemis the number
of cycles until leakCycle tests should be continued to failureAll 3 storagesystemsmust
have a pressure cycle life, PCL, within 25% of PCIECLO, the average of the measured PCLs,
is the baseline pressure cycle life for 5.1.3.2.

TFG — The previous hydraulic pressure was at 150%This is a tentative proposal. OICA
is expected to submit a new proposal at the next rgng.

SGS-8: LBB is incorporated in the tests and OICAs expected to submit a new proposal
by the next meeting with rationale (as well as thehange to 125%.

B.5.1.2 Verification Test for Performance Durablity (Hydraulic sequential tests)
A hydrogen storage system must not leak duringdhewing sequence of tests, which are
applied in series to a single system and whichllaistrated in Figure B.5.1.2. At least one

system must be tested to demonstrate the perfom@pability. Specifics of applicable test
procedures for the hydrogen storage system aredawin Section B.6.2.2.
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» » SGS-8 ISO comment #12: A boss torque test should b e included for composite tanks with
non load sharing liners.

TFG — OICA will provide a rationale in part A fopbhincluding the boss torque requirement.
Need to address the leakage up stream of the §hvetoe.

an
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TFC — change the last 1000 cycles to 85C.

Figure B. 5.1.2 Verification Test for Performari@urability (hydraulic)

» » SGS-8 ISO comment #13: The SGS still need to deter mine if taxis should be considered as
commercial applications. If this is the case, comme rcial applications should be subjected to 11500

cycles as opposed to the 5500 cycles.
TFG — The rationale for 5500 cycles is in part A. Draft rationale to include taxi issue.

—

» » SGS-8 ISO comment #14: We propose to change the pr  oposed series of pneumatic tests to
the combination of hydraulic and pneumatic tests th at 1ISO provided in the SGS-6-11 Revised.

ISO requests for additional time to study the propo  sal.

B.5.1.2.1 Proof Pressure Test. A system wilptessurized to 150%NWP in accordance with
test procedure B.6.2.2.3.
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B.5.1.2.2 Drop (Impact) Test. The storage comtiawill be dropped at several impact angles in
accordance with test procedure B.6.2.2.4.

» » SGS-8 Germany comment #24: drop system, not comtaiincluding valves & TPRD

TFG — Germany will verify whether the hydraulic seqtial test can be conducted with single
container — with or without the attachments (ircplaf a system). Same for Germany comments
#26, 27 and 28.

SGS-8: Tests are accepted as proposed. Bordiresteecommended at system level by
Germany.

B.5.1.2.3 Surface Damage Test: The storageanwrtwill be subjected to surface damage in
accordance with test procedure B.6.2.2.5.

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 15C-25C for 3500 pressuréesyio accordance with test
procedure B.6.2.2.6. Chemical exposure will Iseaintinued before the last 10 cycles,
which are conducted to 150% NWP.

€ SGS-7 Discussion: EC representative is consideriagyaits OICA refinement.
» » SGS-8 Germany comment #26: hydraulically cycletsys, not container, including
valves & TPRD

B.5.1.2.5 High Temperature Static Pressure TEsé storage container will be pressurized to
125%NWP at 85C for 1000 hr in accordance with pestedure B.6.2.2.7).

B.5.1.2.6 Extreme Temperature Pressure Cyclirige storage system will be pressure cycled
at -40C to 80%NWP for 1000 cycles and at +50C &ARWP for 1000 cycles in
accordance with test procedure B.6.2.2.2).

B.5.1.2.7 Hydraulic Residual Pressure Test. Stheage container will be pressurized to
180%NWP and held 30 seconds without burst in aceuare with test procedure
B.6.2.2.3.

» » SGS-8 Germany comment #27: hydraulically burstteys, not container, including
valves & TPRD

B.5.1.2.8 Residual Burst Strength Test. Theagt® container will undergo a hydraulic burst
test to verify that the burst pressure is withif@0f the baseline initial burst pressure
determined in B.5.1.1.1 in accordance with testgdore B.6.2.2.1.

» » SGS-8 Germany comment #28: hydraulically bursttgys, not container, including
valves & TPRD
SGS-8: Germany comments #26, 27 and 28 are aédressept for the bonfire test which is
recommended at system level
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B.5.1.3 Verification Test for Expected On-road Pdormance (Pneumatic sequential tests)

A hydrogen storage system must not leak duringdhewing sequence of tests, which are
illustrated in Figure 5.1.3. Specifics of applilmatest procedures for the hydrogen storage
system are provided in Section 6.
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a Fuel/defuel cycles @-80 with initial system equilibration @ -2Q, 5 cycles with +2%C fuel; 5 cycles with <-3%C fuel
b Fuel/defuel cycles @+5G with initial system equilibration @+8G, 5 cycles with <-3%C fuel
c Fuel/defuel cycles @15-26 with service (maintenance)defuelrate, 50 cycles

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

B.5.1.3.1 Proof Pressure Test: A system wilptessurized to 150%NWP in accordance with
test procedure 6.4.2.3).

B.5.1.3.2 Ambient and Extreme Temperature Gassre Cycling Test. The system will be
pressure cycled using hydrogen gas for 500 cyolesc¢ordance with B.6.2.2.8 test
procedure. Half of the cycles will be performedde exposure to static pressure
(B.5.1.3.3) and half of the cycles will be conduakctdter the initial exposure to static
pressure (B.5.1.3.3). In each case, 10% of cyBRgsof the total number of cycles)
will be to 125% NWP at +50C and 95% relative humyidl0% to 80% NWP at -40C,
and the remainder to 125% NWP at ambient temperdiC-25C). The hydrogen
gas fuel temperature will be between -35C and -4BRe of the cycles will be
performed after temperature equilibration of thetem at 50C and 95% relative
humidity, and five cycles after equilibration a0 an additional five cycles will be
performed with >20C fuel temperature equilibratedr40C. Fifty of the cycles will be
performed using a defueling ratdl¥e maintenance defueling rate.

» » SGS-8 Germany comment #30: Improve clarity of téescription

TFC — work on the text to clarify the test requimrthand test procedure.
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ISO requests for additional time to study the propo sal.
SGS-8: OICA will provide rationale for the proposed test. Clarify the text to separate the test
requirement from test procedure.

B.5.1.3.3 Extreme Temperature Static Pressurk/Beameation Test. The system will be held
at 115%NWP and 55C with hydrogen gas until steadtegermeation or 30 hours,
whichever is longer in accordance with 6.4.2.9 pestedure. The test will be
performed after 250 pressure cycles are conduntBdbi.1.3.2 and again at the
completion of B.5.1. 3.2. The maximum allowablscttiarge from the compressed
hydrogen storage system is 150 ml/min for stangassenger vehicles. [The maximum
allowable discharge for systems in different siebivles is R*150 Ncc/min where R =
(Vwidth+1)*(vheight+0-5)* (Vlength+1)/3o-4 and Vidth, Vheighb Vlength are the vehicle width,
height, length (m), respectively.]

» » SGS-8 Germany comment #31: “The permeation ratesie limited to a value
with limit per hour and per liter. The permeatiorate is too high for avoiding
explosion or fire hazards inside the vehicle.

» »SGS-8 ISO member comment # 16: discuss permeatiba
TFG — defer to SGS-8

If the measured permeation rate is greater thaf50rfig/sec (3.6 cc/min), then a
localized leak test shall be performed in accordanith B.6.2.2.10 test procedure to
ensure no point of localized external leakage éatpr than 0.005 mg/sec (3.6 cc/min).

€ SGS-7 DiscussionRecommendation for permeation limit remains undesresideration at
OICA/HySafe

SGS-8: Make sure the unit is consistent. OICA/Paul idawill provide rationale for the
permeation limit. Cite the Hysafe report and disadiéferent limits from Japan and EC.

B.5.1.3.4 Residual Proof Pressure Test (hydraulitie storage container will be pressurized to
180%NWP and held 30 seconds without burst in acoarel with B.6.2.2.3 test
procedure.

B.5.1.3.5 Residual Strength Burst Test (hydraulithe storage container will undergo a
hydraulic burst test in accordance with B.2.2.1 pescedure to verify that the burst
pressure is within 20% of the baseline burst pmesdatermined in B.5.1.1.1).

B.5.1.4  Verification Test for Service Terminating @nditions

At least one system must demonstrate the absenoptofe under the following service-
terminating conditions. Specifics of test procesduare provided in Section 6.

B.5.1.4.1 Fire Test. A hydrogen storage sysiglirbe pressurized to NWP and exposed to

fire in accordance with test procedure 6.4.2.12 TBDtemperature-activated pressure
relief device will release the contained gasesdorarolled manner without rupture.
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» » SGS-8 Germany comment #32: proposed text foltows

One hydrogen storage system will be pressurizeu hyitirogen to NWRBNd a second system
will be pressurized with hydrogen to 20% of NVERd exposed to an engulfing fire. If
activated, temperature-activated pressure relieficeshall release the contained gases in a
controlled manner.The container shall not burst.

Question on rationale for 20% NWP container (ECE:G1

€ SGS-6&7 Canada and US Comment: Localized firetiesunder consideration

SGS-8: Continue discussion at the next meeting.

€@ SGS-7 Discussion supported removal of penetratiest. No justification available or
expected (other than USA firemen appreciation ofrdie testing).

» WSGS-8 ISO member comment # 17: The penetration tes  t should be included as part of these
tests. The penetration test has historically been u sed for composite tanks both used for the
transport of gases (ISO 11119) and onboard applicat ions.

t.
B.5.2 Liquefied Hydrogen Storage System

€ SGS-7 Discussion:add LH storage section; BMW will write requirement

B.5.3 Vehicle Fuel System.

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

€ SGS-6 Discussion: Co-sponsors will discuss witbjpct manager.

B.5.3.1 Requirements — in use:

B.5.3.1.1 Gas fueling port:Gas fueling port shall prevent reverse flow.

» » SGS-8 ISO member comment: require compliance Wil 17268 for 35MPa

atic
ar

[ the vehicle’s fuel system shall be airtight ]

B.5.3.1.2 Hydrogen discharge systems
B.5.3.1.2.1 Pressure relief systems

a) TPRDs and PRDs. The outlet of the vent linerésent, for hydrogen gas discharge from
TPRD(s) and/or PRD(s) of the storage system slegtirbtected, e.g. by a cap.

b) TPRDs. The hydrogen gas discharge from TRR@&f(the storage system shall not be
directed:

DRAFT >3



SGS 8-13/Rev.2
DRAFT

* into the enclosed or semi-enclosed spaces.

* into or towards any vehicle wheel housing

« towards hydrogen gas containers

« forward from the vehicle, or horizontally (paraltelroad) from the back or sides of the
vehicle

c) Other pressure relief devices. The hydrogendischarge from other pressure relief devices
shall not be directed:

« towards exposed electrical terminals, exposedratatswitches or other ignition sources
* into or towards the vehicle passenger or cargo eotmgnts

* into or towards any vehicle wheel housing

« towards hydrogen gas containers

d) The requirements of B.5.3.1.2.1 will be vedfigy visual inspection.

» » SGS-8 Germany comment #37: move (d) to chapterestablish visual inspection as a
formal test procedure in the test procedure section
SGS-8: Move visual inspection to section 6.

B.5.3.1.2.1Fuel cell / vehicle exhaust systemAt the vehicle exhaust system’s point of
discharge, the hydrogen concentration level shalh¢t exceed 4% average by volume during
any moving three-second time interval during noropration including start-up and shutdown
(2) and not exceed 8% at any time.

B.5.3.1.3 Protection against Flammable ConditionsSingle Failure Conditions

€@ SGS-7 Discussion: several issues remain undersideration with regard to a telltale
alert; expect to revisit topic in SGS-8.

SGS-8: discuss Japan’s proposal on Air Tightnesd Biping. OICA will work on a
proposal for air tightness requirement.

» » SGS-8 OICA comment #20, GWS comment #6, & Germemyiment #39: draft text in
B.5.3.1.3.1,B.5.3.1.3.2,B.5.3.1.3.3 and B.5.34..3

B.5.3.1.3.1 Hydrogen leakage and/or permeatimm 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 thatatomnprotected 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 thanb4fgolume in the passenger compartment.

B.5.3.1.3.3 If during operation, a single fail gk@anstream-ofthe main-hydrogen-shutoff

results in a hydrogen concentration greater than2golume in air in the enclosed or semi-
enclosed spaces of the vehicle then the main dtaltafl be closed.
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B.5.3.1.3.4 | During operation, a warning shalpbavided (per B.5.3.1.3.5) if the main shutoff
is closed (per B.5.3.1.3.3) or if leakage causestncentration to be greater than 4% in the
passenger, luggage, or cargo compartments.

SGS-8: The above 4 paragraphs are accepted. derexplanation in part A for during
“operation.”

TFG — Germany’s concern on protection of low pressystem is addressed by B 5.3.1.3. ?
continue discussion in SGS-8.

B. 5.X The vehicle fuel system downstream of a pres  sure reducer shall be
protected against burst.
SGS-8: SGS agrees with the above draft. An exarfioplcompliance will be given in part A.

» » SGS-8 USA comment: recommend s following text B56.3.1.3.3: “If a single failure
(remove -downstream of the main hydrogen shut aifwe) of the fuel system results in a
hydrogen concentration in air greater than 4% bylume within enclosed or semi enclosed
volumes on the vehicle, the main hydrogen shutadfwe shall close (original OICA proposal)
and a warning to the driver shall be provided.”

» »SGS-8 ISO member: “4 % is the lower flammabilitynit. It should be lowered to 1 %."
B.5.3.1.3.5 The warning shall be given by a talietight with the following properties:

a. Shall be displayed in direct and clear view ofdhiger while in the driver's designated
seating position with the driver's seat belt fasten
. Shall appear perceptually upright to the driverlevdriving
. Shall be yellow or amber in color if the detectgystem malfunctions and shall be red in
the event a 4% concentration is detected
d. When illuminated, shall be sufficiently bright te kisible to the driver under both daylight
and night time driving conditions, when the dritvas adapted to the ambient roadway
light conditions
e. Shall remain continuously illuminated while the sa{4% concentration or detection
malfunction) exists and the ignition locking systenn the "On" ("Run") position
Shall extinguish at the next ignition cycle aftee cause for alerting the driver has been

O T

—h

corrected
g. Shall comply with the following designations:
CAUSE COLOUR
Detection system malfuncation YELLOW
Hydrogen leakage RED

€ SGS-7 Discussion: Current draft text is consistemith last point of discussion in Canada;
still under discussion
€ SGS-7 DiscussionOICA is considering a new proposal to address hygio leakage.

» » SGS-8Germany comment #40: replace B.5.3.1.3.5 with:
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ste

» » SGS-8 USA comment: Keep telltale visibility recennent in Part B

on
A.

€ SGS-7 Discussion: Use UNECE- R121 for terminolagie

B.5.3.2  Requirements - post crash

B.5.3.2.1 Fuel leakage limit: the rate of uncontrolled hydrogen gas leakage unedsand
calculated by 6.1 shall not exceed an average ®Nl1per minute within 60 minutes after the
crash.

@ SGS-7 DiscussionUS recommendation: hydrogen shall not accumulatex4% in the
passenger, luggage (trunk) or cargo compartmenthint60 minutes after the crash.

€ SGS-7 discussion: Use J2578 calculation for 118 NL.
€ SGS-7 discussion: Use Japan’s informal paper fasfification in part A

B.5.3.2.2 The hydrogen fuel leakageshall not result in a hydrogen concentration irgagater
than 4% by volume in the passenger, luggage amph cmpartments.

» » SGS-8 USA comment: include text of B.5.3.2.2

SGS-8: continue the discussion at the next meeting
B.5.4 Electric safety

B.5.4.1 Requirements and test procedures - in-@s
€ SGS-7 Discussion:See OICA proposal

B.54.1.1 Performance requirements

B.5.4.2 Requirements and test procedures - pagiash
6. TEST CONDITIONS AND PROCEDURES

6.1  Compliance Tests for Fuel System Integrity

6.1.1 Crash Test for Fuel System Integrity
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The crash tests used to evaluate post-crash hytditegkage are those already applied in the
respective jurisdictions.

To evaluate possible hydrogen discharge followireguehicle crash tests, the following
procedure should be used.

a) Compressed Gaseous Hydrogen Storage:

The gas container shall be filled with helium toarmum 90% of the nominal working pressure.
The main stop valve and shut-off valves, etc. fairbgen gas, located in the downstream
hydrogen gas piping, shall be kept open immedigigty to the impact.

The pressure and temperature of the gas shall bsuredl immediately before the impact and 60
minutes after the impact either inside the gasainat or upstream of the first pressure-reducing
valve downstream of the gas container.

The rate of hydrogen gas leakage shall be measyréee following procedure.

The helium gas pressure immediately before the atngmad 60 minutes after the impact,
upstream of the first pressure-reducing valve eiithin the gas container or the one located
downstream of the gas container shall be convéotélte pressure at 0°C using equationl.

Equation 1: P =Pyx {273/ (273 + )}

where:

Po’ : Helium gas pressure converted to pressure@t Before impact (MPa abs)
Po: Measured helium gas pressure before impact (\MBa a

To: Measured helium gas temperature before impagt (°C

Pso = PegX {273 / (273 + -Eo)}

where:

Pso : Helium gas pressure converted to pressure®@t 60 minutes after impact (MPa abs)
Pso: Measured helium gas pressure 60 minutes aftesctr(MPa abs)

Teo: Measured helium gas temperature 60 minutes iafiggict (°C)

The gas density calculated from equation 2 betoearhpact and 60 minutes after the impact
shall be calculated using the pressure at 0°C ctetvérom the helium gas pressure upstream of
the first pressure-reducing valve within the gastamer or the one located downstream of the
gas container obtained from equation 1.

Equation 2: po= —0.0052 x (P)?+ 1.6613 x g + 0.5789
where:

po: Helium gas density before impact (k§jm

pso= —0.0052 x (By)%+ 1.6613 x By + 0.5789

where:

pso: Helium gas density 60 minutes after impact (KY/m
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The helium gas volume before the impact and 60 tegafter impact shall be calculated from
eguation 3 using the gas density obtained fromtemuad. However, the internal volume shall be
the internal volume of the gas container in cadesre/the helium gas pressure has been
measured inside the gas container; and the inteahaine of the container down to the first
pressure-reducing valve located downstream of éisecgntainer in cases where the helium gas
pressure has been measured upstream of the fistyre-reducing valve located downstream of
the gas container.

Equation 3: @=pox V x (22.4 / 4.00) * 18
where:

Qo : Helium gas volume before impactm
V : Internal volume (L)

Qs0= peoX V X (22.4 / 4.00) * 15

where:

Qso: Helium gas volume 60 minutes after impacf)m
V : Internal volume (L)

The rate of helium gas leakage shall be calculated.

AQ = (Q— Qo) X 10°

RHe =AQ / 60

where:

AQ : Volume of helium gas leakage 60 minutes aftgract (NL)
RHe : Rate of helium gas leakage (NL/min)

The rate of helium gas leakage shall be conveddke rate of hydrogen gas leakage.
RH =1.33 x RHe

where:

RH : Rate of hydrogen gas leakage (NL/min)

b) Liquid Hydrogen Storage:
The fuel storage container shall be filled withuid nitrogen (LN2) to minimum the mass
equivalent of the maximum quantity of LH2 that nimeycontained in the inner vessel and then

the system shall be pressurized with a gaseouspN@ typical operating pressure.

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

After the collision, the liquid hydrogen storagestm must be tight, i.e. bubble free* if using
detecting spray. No uncontrolled release of thefheisl is allowed.

* With bubble detection spray, any leakage in thege above 0,1Pa l/s can be detected. In case

of N2 used as test fluid, the corresponding detdetaydrogen leakage would be about 0,5 Pa
I/s (that is far below 1 NL per minute]).
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B.6.1.2 Compliance Test for Single Failure Conditins

[Preparation:

The test shall be conducted without any influerfoeind.

Special attention shall be paid to the test envirent as during the test flammable mixtures of
hydrogen and air may occur.

Prior to the test the vehicle has to be preparedioav remotely controllable hydrogen releases
from the hydrogen system. The number and locatidgheorelease points downstream of the
main hydrogen shutoff valve shall be defined bywélicle manufacturer taking worst case
leakage scenarios into account.

Only for the purpose of the test hydrogen concéntraletectors have to be installed in enclosed
or semi enclosed volumes on the vehicle.

If there is structure taken to prevent hydrogemfiotruding into passenger compartments, it is
not necessary to have H2 concentration measurguoens in the passenger compartments.

Example hydrogen concentration measurement locatian be found in the document
“Examples of hydrogen concentration measurememitpdor testing”.

Procedure:
)] Vehicle doors, windows and other covers shaltlosed.
i) Start the propulsion system, allow it to warmto its normal operating

temperature and leave it operating at idle fortés¢ duration.
iii) A leak shall be simulated using the remotetcoltable function.

iv) The hydrogen concentration shall be measuredirmaously until the concentration
does not rise anymore for 3 minutes or until thénrhgdrogen shutoff valve is
closed.

V) If during the test the hydrogen concentrationrag of the measurement locations

exceeds 4% significantly, the test shall be terteithd*
[ ]* this part of the proposal still needs to berdomed ]

»» SGS-8 OICA comment #21: Consider Japanese RetijpmeAttachment 100 for test
procedure for B.6.1.2:

B.6.1.2.1 Test condition
B.6.1.2.1.1 Test vehicle. Start the fuel systetheofest vehicle, warm it up to its normal
operating temperature and leave it operating fa tbst duration. If the vehicle is not a fuel cell
vehicle, warm it up and keep it idling. If thetteshicle has a system to stop idling
automatically, measures shall be taken so as tegmethe engine from stopping.
B.6.1.2.1.2 Test gas. Mixture of air and hydrogas with 4% hydrogen or a lower
concentration shall be used.
B.6.1.2.2 Test method.
B.6.1.2.2.1 Preparation for the test. If necegdar blowing the test gas to the hydrogen gas
leakage detector without fail, the following measube taken.

» Attach a test gas induction hose to the hydrogenlgakage detector.
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» Enclose hydrogen leak detector with a cover to ngasestay around hydrogen leak

detector.
B.6.1.2.2.2 Execution of test.

* Blow test gas to the hydrogen gas leakage detector.

* Confirm the warning provided

* Confirm the main shut-off valve closed. To contineoperation of the main shut-off
valve of the hydrogen supply, the monitoring ofeleetric power to the shut-off valve or
of the sound of the shut-off valve activation mayised.

6.1.3 Compliance Test for Fuel Cell Vehicle Exhat System

a. The fuel cell system of the test vehicle shall lz@med up. (is this the worst case
scenario? Should this be removed to include alickesi stages?)
b. The measuring device shall be warmed up before use.
c. Place the measuring section of the measuring dewvicae centre line of the exhaust
gas flow within 100 mm from the exhaust gas outlet.
d. Perform the test procedure below while continuonsdasuring the hydrogen
concentration:
With the vehicle in a stationary state, start tha tell system. After a lapse of at
least one minute turn off the system and contiheemeasurement until the fuel
cell system shut down procedure is completed.]
e. The measurement device must have a measuremenbresptime of less than 300
milliseconds.

€@ SGS-7 Discussion: OICA will provide the respongaé for the measuring device

¢ SGS-8 GWS comment #11:

The standard ISO instrumentation requirement is actor of 6-10 of the measured value.
Therefore, the 3-second rolling average requiresensor response (90% of reading) and
recording rate of less than 300 milliseconds.

€ SGS-7 DiscussionJapan will submit its test procedure for consideiat.
6.1.4 Compliance Test for Air Tightness of Piping

» » SGS-8JASIC proposal for consideration:

With the motor vehicle held stationary and the poes applied to piping, etc., check to see if
hydrogen gas leakage is present at confirmable@esbf the piping, etc. from the high-
pressure section to the fuel cell stack (the engineshicles other than fuel cell vehicles), using
a gas detector or detector liquid, such as soapewat

B.6.1.4.1. Hydrogen leak detection is performedh wie fuel cell stack, etc. activated.
B.6.1.4.2. Hydrogen leak detection is performedniyat joints, by using gas leak detector or
detecting agent (e.g., soap solution).

B.6.1.4.3. When the gas leak detector is usedciileteas performed by letting the detector suck
in air for about 10 seconds at locations as claseiping, etc. as possible.
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B.6.1.4.4. When the gas detecting agent is usellpbgn gas leak detection is performed
immediately after applying the agent. In additieisual check is also performed a few minutes
after the application of agent in order to checklfabbles caused by trace leaks.

B.6.2 TEST PROCEDURES FOR COMPRESSED HYDROGEN BORAGE
B.6.2.1 Material Qualification

€ SGS-7 DiscussionRequirements for B.6.2.1 tests are in Part A — shibtest procedures
(B.6.2.1) also move to Part A if text of requirenterremains in Part A?

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

B.6.2.1.2 Plastic liner softening temperaturé. t€or containers with plastic liners, the
softening temperature of polymeric materials franished liners shall be determined based on
the A50 method in ISO 306. The softening tempeeashall be =00C.

B.6.2.1.3 Glass transition temperature test. déotainers with composite wraps, the glass
transition temperature of resin materials shaliéermined in accordance with ASTM D3418.
Test results shall be within the manufacturer’ cgpmations.

B.6.2.1.4 Resin shear strength test. For contamégh composite wraps, resin materials shall
be tested on a sample coupon representative aivisrewrap in accordance with ASTM D2344.
After boiling in water for 24 hours the minimum shatrength of the composite shall be
13.8MPa.

B.6.2.1.5 Coating test. For containers with endéenvironmental coatings, coatings shall be
evaluated as follows:

a) adhesion strength based on ISO 4624; thengpsiiall 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 D27%Be coating at room temperature
shall pass a forward impact test of 18 J.

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

e) salt spray exposure in accordance with ASTM7BUd4ing an exposure of 500 hours.
There shall be no evidence of blistering. The attimeshall meet a rating of 3 when
tested in accordance with ASTM D3359.

B.6.2.1.6 Metal hydrogen compatibility.

a) Steel
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In all applications where steel comes in contact with hydrogen, hydrogen compatibility should
be demonstrated. Steels that meet requirements of Sections 6.3 and 7.2.2 of ISO 9809-
1:1999 are recognized as hydrogen compatible for low stress applications.

The following steels are recognized as suitable for high pressure hydrogen gas applications:
SUS316L, AISI316L, AISI316 and DIN1.4435; all must have > 12% nickel composition and <
0.1% magnetic phases by volume. These steel applications may not include welds.

Other steels must be qualified for high pressure hydrogen gas applications by meeting the
following performance-based test requirements:

TBD .

» SGS-7 Discussion: Test procedures are expected to be developed in 2010 by industry
standards organizations and presented for inclusion in 6.2.1.6.

b) Aluminum

Aluminum alloys that meet the requirements of Sections 6.1 and 6.2 of ISO 7866:1999 are
recognized as hydrogen compatible for low stress applications.

The following aluminum alloys are recognized as suitable for use in contact with hydrogen in
the hydrogen storage system, as defined in Figure 2, or in any other high-stress applications
in contact with hydrogen: A6061-T6, A6061-T62, A6061-T651 and A6061-T6511. These
aluminum applications may not include welds.

Other aluminum alloys must be qualified for high pressure hydrogen gas applications by
meeting the following performance-base test requirements:

TBD

» SGS-7 Discussion: Test procedures are expected to be developed in 2010 by industry
standards organizations and presented for inclusion in 6.2.1.6.

B.6.2.2 Test Procedures for Performance Durabilit{B.5.1.2)

B.6.2.2.1 Burst Test (Hydraulic). The burst &sill be conducted at ambient temperature
using a non-corrosive fluid. The rate of pressuitrashall be €.4 MPa/s for pressures
higher than 150% of the nominal working pressufehe rate exceeds 0.35 MPa/s at
pressures higher than 150% NWP, then either th@airmr shall be placed in series
between the pressure source and the pressure me@sirdevice, or the time at the
pressure above a target burst pressure shall esceecbnds. The burst pressure of the
container shall be recorded.

B.6.2.2.2 Pressure Cycling Test (Hydraulic). Téws 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; maintéie environment, fueling fluid and
container skin at the specified temperature fordimation of the testing. The
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container temperature may vary from the environalgetmperature during testing.
c) Pressure cycle between <2 MPa and the targesyme at a rate not exceeding
10 cycles per minute for the specified number aley.
d) Maintain and monitor the temperature of therhutic fluid within the container at the
specified temperature.

B.6.2.2.3 Proof Pressure Test. The system shmufatessurized smoothly and continually with
a non-corrosive fluid until the target test presdevel is reached and then held for at
least 30 seconds. The component should not leauffar permanent deformation. All
mechanical components should be functional aftenptetion of the test.

B.6.2.2.4 Drop (Impact) Test (Unpressured). e@nmore storage containers will be drop
tested at ambient temperature without internalquiezation or attached valves. All drop
tests may be performed on one tank, or individeglacts on a maximum of 3 tanks.
The surface onto which the tanks are dropped shHmaill smooth, horizontal concrete
pad or similar flooring. The tank(s) should badesn the following sequence:

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

b) Drop once onto each end of the tank from a e@rposition with a potential energy
of not less than 488J, but in no case should tighhef the lower end be greater than
1.8 m.

c) Drop once at a 45 ° angle, and then for non-sgtrical and non-cylindrical tanks
rotate the tank through 90 ° along its longitudiaals and drop again at 45 °C with
its center of gravity 1.8 m above the ground. Hesveif the bottom is closer to the
ground than 0.6 m, the drop angle should be chatwetdhintain a minimum height
of 0.6 m and a center of gravity of 1.8 m abovegitaind.

No attempt should be made to prevent the bounditgnés, but the tanks may be

prevented from falling over during the vertical ptest described in b) above.

Following the drop impact, the containment vessiljected to the 45impacts should
then be subjected to further testing as specifie®.2.2. The vessel(s) subjected to
horizontal and vertical drop impacts, if differdram the vessel subjected to a’4Bop
impacts, should be subjected to 1000 hydraulic antdemperature pressure cycles per
the test procedure defined in 6.4.2.2.

#"'4

#
1.8m

Sjsjag

>488J ‘ >06m
<18m

center of gravity

B.6.2.2.5 Surface Damage Test (Unpressured). tddteshould proceed in the following
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a) Surface Flaw Generation: Two longitudinal sams are made on the bottom outer
surface of the unpressurized horizontal storagéaaoer along the cylindrical zone
close to but not in the shoulder area. The fustall be at least 1.25 mm deep and
25 mm long toward the valve end of the vessel. Sdwnd cut will be at least
0.75 mm deep and 200 mm long toward the end dfattle opposite the valve.

b) Pendulum Impacts: The upper section of th&botal storage container should be
divided into five distinct (not overlapping) areE80 mm in diameter each (see
Figure). After 12 hrs preconditioning at —40 °Gaimenvironmental 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 peadushould 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 thr@aioment vessel should be 30J.
The tank should be secured in place during pendutypacts and not under pressure.

R\

“Side” View of Tank

B.6.2.2.6 Chemical Exposure and Ambient-Tempeeauessure Cycling Test. Each of the 5
areas of the unpressured vessel preconditione@émyytum impact (6.4.2.5b) should be
exposed to one of five solutions: 1) 19% (by volysdfuric acid in water (battery acid),
2) 25% (by volume) sodium hydroxide in water, 3) @8 volume) methanol in gasoline
(fluids in fueling stations), 4) 28% (by volume) mronium nitrate in water (urea
solution), and 5) 50% (by volume) methyl alcoholiater (windshield washer fluid).

Orient the test vessel with the fluid exposurearen 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 theesglwool sufficient to ensure that the pad
is wetted across its surface and through its tld@skrior the duration of the test.

The exposure of the vessel with the glass wool Ishioe maintained for 48 hrs with the
vessel held at 1.25% NWP (applied hydraulicallyy ambient temperature (15C — 25C)
before the vessel is subjected to further testing.

Perform pressure cycling to the specified targesgures according to B.6.2.2.1 at
ambient temperature (15C-25C) for the specified lmens of cycles. Remove the glass
wool pads and rinse the vessel surface with wadkare conducting the final 10 cycles to
specified final target pressure.

B.6.2.2.7 Static Pressure Test (Hydraulic). $ugge the storage system to the target pressure
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in temperature-controlled chamber. Hold the temaee of the chamber and the non-
corrosive fueling fluid at the target temperatutithim +5C for the specified duration.

B.6.2.3 Test Procedures for On-Road Performance (B.1.3)
(Pneumatic test procedures are providéytjraulic Test elements are described in 6.4.2)

B.6.2.3.1 Gas Pressure Cycling Test (Pneumatii)the onset of testing, stabilize the storage
system at the specified temperature, relative hityngohd fuel level at least 24 hrs.
Maintain the specified temperature and relative iditsnwithin 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 <2 M@ #harspecified maximum pressure.
Control the fill rate to a constant 3-minute pressamp rate; control the temperature of
the hydrogen fuel dispensed to the vessel to theifspd temperature. Control the
defueling rate to *he intended vehicle’s maximum fuel-demand r&enduct the
specified number of pressure cycles. If deviceB@rcontrols are used in the intended
vehicle application to prevent an extreme intetaaiperature, the test may be conducted
with these devices and/or controls (or equivaleeasures).

B.6.2.3.2 Gas Permeation Test (Pneumatic). ragwsystem shall be fully filled with
hydrogen gas (full fill density equivalent to 10006VP at 15 °C is 113% NWP at 55 °C)
and held at 5% in a sealed container. The total steady-statihdige rate due to leakage
and permeation from the storage system shall bsunea.

B.6.2.3.3 Localized Gas Leak Test (Pneumatic). bubble test (or alternative method with
sufficient accuracy) may be used to fulfill thisjeerement. The following guidance is
provided for conducting the bubble test:

a. The exhaust of the shutoff valve (and othermateconnections to hydrogen systems)
may be capped for this test (as the test is focuakdexternal 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 whestirgy in open air. Bubbles can vary
greatly in size, depending on conditions. In gelhé¢na tester should estimate the gas
leakage based on the size and rate of bubble fmmat

b. Note: Visual detection of unacceptable leakalgeuld be feasible. When using
standard leak-test fluid, the bubble size is exgtd be approximately 1.5 mm in
diameter. For a localized rate of 0.005 mg/se6 ¢8/min), the resultant allowable
rate of bubble generation is about 2030 bubblesnpaute. Even if much larger
bubbles are formed, the leak should be readilyctigée. For example, the allowable
bubble rate for 6 mm bubbles would be approximad@lypubbles per minute.

If the permeation test conducted in 6.4.2.9 yialdstal discharge less than the specified

allowable localized leak, then localized leak t&gtis not necessary as the total system

leakage is already below the localized leak requosnat.

B.6.2.3.4 Proof Leak Test (Pneumatic). A bulibt (or alternative method with sufficient
accuracy) to verify local leakage should be coneldiets follows: a) The exhaust of the
shutoff valve (and other internal connections tdrbgen systems) may be capped for
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this test (as the test is focused at external tpaka

At the discretion of the tester, the test articleyrbe immersed in the leak-test fluid or
leak-test fluid applied to the test article whestirgg in open air. Bubbles can vary
greatly in size, depending on conditions. In gelhé¢he tester should estimate the gas
leakage based on the size and rate of bubble fmmal) When using standard leak-test
fluid, the bubble size is expected to be approxahyat.5 mm in diameter and the
resultant allowable rate of bubble generation mu&l2030 bubbles per minute. Even if
much larger bubbles are formed, the leak shoulctheily detectable. For example, the
allowable bubble rate for 6 mm bubbles is still @p@omately 32 bubbles per minute.

B.6.2.4 Test Procedures for Service Terminating Culitions (B.5.1.4)

B.6.2.4.1 Fire Test (pneumatic)iBD

7. ANNEXES
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