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A. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATI  ON

1. INTRODUCTION

1. In the ongoing debates over the need to identity s@urces of energy and to reduce
the emissions of green house gases, countriesctbarworld have explored the use of
various alternative gases as fuels, including cesged natural gas, liquefied propane gas,
and hydrogen. Hydrogen has emerged as one of teepramising alternatives due to its
virtual zero emission. In the late 1990’s, the Ep@@an Community allocated resources to
study the issue under its European Integrated Hyaréroject. A few years later, the United
States outlined a vision for a global wide initvati the International Partnership on the
Hydrogen Economy, and invited Japan, European Ui@bima, Russia and many other
countries to participate in this effort.

2. For decades scientists, researchers and econdraisggointed to hydrogen, in both
compressed gaseous and liquid forms, as a possibtkdate as an alternative to gasoline
and diesel as vehicle fuel. Ensuring the safe tibgdrogen as fuel is a critical ingredient in
the world economies successfully transitioning toydrogen economy. By their nature, all
fuels present an inherent degree of danger dueetoeénergy content. The safe use of
hydrogen, particularly in the compress gaseous fbesin preventing catastrophic failures
due to volatile combination of fuel, ambient aidagnition sources.

3. The governments have identified development of legguns and standards as one of
the key requirements for a long-term promotionammercialization of hydrogen-powered
vehicles. Regulations and standards will help owae technological barriers to
commercialization, facilitate manufacturers’ invastt in building hydrogen-powered
vehicles and facilitate public acceptance by primgdh systematic and accurate means of
assessing and communicating risk associated watluske of hydrogen vehicles, be it to the
general public, consumer, emergency response perkand the insurance industry.

4, The goals of this global regulation (GTR) are toalep and establish a GTR for
Hydrogen Fuel Cell Vehicles (HFCV) that: (1) Attaiequivalent levels of safety as those
for conventional gasoline powered vehicles andgerformance-based and does not
restrict future technologies.

2. GTR ACTION PLAN

5. Given that hydrogen-powered vehicle technologyiisesnerging, WP.29/AC.3
agreed that input from researchers is a vital carapbof this effort. Based on a comparison
of existing regulations and standards of HFCV winventional vehicles, it is important to
investigate and consider: (1) The main differennesafety and environmental aspects and
(2) What items need to be regulated based onipedin.
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6. In June 2005, WP.29/AC.3 agreed to a proposal fe@mmany, Japan and United
States of America regarding how best to manageekelopment process for a GTR on
hydrogen-powered vehicles (ECE/TRANS/WP.29/AC.3/1dhder the agreed process, once
AC.3 develops and approves an action plan for éveldpment of a GTR, two subgroups

will be formed to address the safety and the enwirent aspects of the GTR. The subgroup
safety (HFCV-SGS) will report to GRSP. The chairthe group will be discussed and
designated by summer of 2007. The environmentagrewp (HFCV-SGE) is chaired by
European Commission and reports to GRPE. In dadensure communication between the
subgroups and continuous engagement with WP.2%\&n8|, the project manager

(Germany) will coordinate and manage the variopeets of the work ensuring that the
agreed action plan is implemented properly andrthikgstones and timelines are set and met
throughout the development of the GTR. The GTR euaVer fuel cell (FC) and internal
combustion engine (ICE), compressed gaseous hyadi@@H2) and liquid hydrogen (LH2)
in the phase 1 GTR. At the (X) WP.29, the GTRoacplan was submitted and approved by
AC.3 (ECE/TRANS/WP.29/2007/41).

7. In order to develop the GTR in the context of aalewmg hydrogen technology, the
trilateral group proposes to develop the GTR in plases:

(@) Phase 1 (GTR for hydrogen-powered vehicles):
Establish a GTR by 2010 for hydrogen-powered vekiblased on a component level,
subsystems, and whole vehicle crash test apprdaahthe crash testing, the GTR would
specify that each contracting party will use itssgérg national crash tests but develop and
agree on maximum allowable level of hydrogen leakad he new Japanese regulation, and
any available research and test data will be usedkasis for the development of this first
phase of the GTR.

(b) phase 2 (Assess future technologies and h@mmarash tests):
Amend the GTR to maintain its relevance with newdiings based on new research and the
state of the technology beyond phase 1. Discusstthdharmonize crash test requirements
for HFCV regarding whole vehicle crash testingfieel system integrity.

8. The GTR will consist of the following key areas:

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

(1) Performance requirements for fuel containersspure relieve devices, fuel
cells, fuel lines, etc.

(i) Electrical isolation; safety and protectionaagst electric shock (in-use).

(i)  Performance and other requirements for sufteays integration in the vehicle.
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(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. Revieheaaluate analyses and crash tests
conducted to examine the risks and identify couméaisures for hydrogen-powered vehicles.
The main areas of focus are as follows:

(1) Existing crash tests (front, side and rearg¢adty applied in all jurisdictions.
(i) Electrical isolation; safety and protectionaagst electric shock (post crash).
(i)  Maximum allowable hydrogen leakage.

9. Application: the contracting parties decided as$ tioi set requirements for passenger
FC vehicles only with the understanding that in¢being years, it will appropriate to
extend the application of the regulation and/oalggth new requirements for additional
classes of vehicles, specifically, motor coachegks, and two-/three-wheel motorcycles.]

3. DESCRIPTION OF COMPRESSED HYDROGEN FUEL CELL VEHICLES

1. Hydrogen fuel cell vehicles (FCVs) have an eledrive-train powered by a fuel cell
that generates electric power electrochemicallynfiydrogen. In general, FCVs are
equipped with other advanced technologies to iseredficiency, such as regenerative
braking systems that capture the energy lost dunraging and store it in a battery or ultra-
capacitors. While the various FCVs are likely tibed with regard to details of the systems
and hardware/software implementations, the follgwimajor systems are common to most
FCVs:

Hydrogen fueling system

Hydrogen storage system

Hydrogen fuel delivery system

Fuel cell system

Electric propulsion and power management system

moowz>

2. A high-level schematic depicting the functioimaéractions of the major systems is
shown in Figure 1. Hydrogen is supplied to thiepirt on the vehicle and flows to the
hydrogen storage container(s) within the Hydrogemege System. The hydrogen supplied
to and stored within the hydrogen storage contaiaarbe either compressed gas or liquefied
hydrogen. When the vehicle is started, the shiwaife is opened and hydrogen gas is
allowed to flow from the Hydrogen Storage SystdPnessure regulators and other equipment
with the Hydrogen Delivery System reduce the presfur use by the fuel cell system The
hydrogen is electro-chemically combined with oxy@iom air) in the Fuel Cell System, and
high-voltage electric power is produced by the ttedls. The power from the fuel cells

flows to the Electric Propulsion and Power Managen$ystem where it is used to power
drive motors and/or charge batteries and ultra-@épa, depending on the driver “throttle”
and brake positions and the operating state of¢hecle.
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Figure 1. High-level Schematic of Key Systems in FCVs
3. Figure 2 illustrates key components inrtfagor systems of a typical fuel cell vehicle

(FCV). The fill port is shown in a typical positi@n the rear quarter panel of the vehicle.
As with gasoline tanks, hydrogen storage contajivengther compressed gas or liquefied
hydrogen, are usually mounted transversely in¢ae of the vehicle. Fuel cells and
ancillaries are usually located (as shown) undeptssenger compartment or in the
traditional “engine compartment”, along with thexms management, drive motor controller,
and drive motors. Given the size and weight aftiom batteries and ultra-capacitors, these
components are usually located in available spatieei vehicle in areas that retain proper
desired weight balance for proper handling of takicle.

| 4.

Fill Port

Capacitor

Batteries

Fuel Cell and
Auxiliaries

H2 Storage omp H2
Containers [€ 1anks

More detailed descriptions of the majategns are provided in the following sections.
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Figure 2. Hustration-of Fypical-Sample of aFuel Cell Vehicle(for illustration
only)

3.1 HYDROGEN FUELING SYSTEM

5. Either liquefied or compressed gas magumplied to the vehicle, depending on the
type of hydrogen storage used by the vehicle. rAsgnt, the most common method of
storing and delivering hydrogen fuel onboard isampressed gas form where the hydrogen
is dispensed at pressures up to 87.5 MPa (12,56p@pover-come the effects of
compression adiabatic heating during “fast fill’aaintainers rated for a nominal working
pressure (NWP) of 70 MPa (10,000psi).

6. Regardless of state of the hydrogen, #iecles are fuelled through a special nozzle on
the filling stations to the fill port on the vehgclvhich 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 velatde contains a check valve (or other
device) that prevents leakage of hydrogen out@fithport in the event of a fault of the
back-flow prevention in the hydrogen storage system

7. In addition to the above features on thaate, the dispenser also contains safe-guards
to monitor the fueling process and ensure thatdahmperature and pressure are consistent
with the capability of the hydrogen storage systemnthe vehicle.

3.2 HYDROGEN STORAGE SYSTEM

8. The hydrogen storage system consists abatfiponents that form the primary pressure
boundary of the stored hydrogen gas in the systEine. primary function of the hydrogen
storage system is to contain the hydrogen withénstiorage system throughout the vehicle
life.

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

3.2.1 COMPRESSED HYDROGEN STORAGE SYSTEM

10 . Components of a typical compressed hydrotggage system are shown in Figure 3.
The system includes the container and all othempmomants that form the “primary pressure
boundary” that prevents hydrogen from escapingiséem. In this case, the following
components are part of the compressed hydrogesg&teystem:

a) the container(s),

b) the fill line check valve,
c) the shut-off valve,
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d) the thermally-activated pressure relief device (DR
and
e) the interconnecting piping (if any) and fittingsWween the above

components.

Check
TFERD Valve

Vent

Hydrogen

Storage
Container

Figure 3. Typical Compressed Hydrogen Storage Sysn

11. The hydrogen storage containers storedhgressed 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 padrcughicle. Hydrogen fuel has a low energy
density per unit volume. To overcome this limiati compressed hydrogen storage
containers store the hydrogen at very high pressuta current development vehicles,
hydrogen is typically stored at a nominal workirrggsure of 35 MPa (5,000 psi) or at 70
MPa (10,000 psi). During the normal “fast fill"dling process, 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 rigbartanks. After approximately one (1)
hour, the temperature in the container will coahéar ambient and the pressure will reduce.
By definition, the settled pressure of the systethbe equal to the nominal working
pressure when the tank is at 15 degC.

12.  Containers are currently constructed with casitpanaterials in order to meet the
challenge of high pressure containment of hydragenweight is that is acceptable for
vehicular applications. Most high pressure hydroggerage containers being evaluated in
fuel cell development vehicles consist of multidesywith an inner liner made of aluminum
or thermoplastic polymer to prevent gas leakagefpation and a resin-impregnated carbon
fiber composite that is wrapped over a gas seatingr for structural integrity.

13.  During fueling, hydrogen enters the systerm the hydrogen fueling system through
a check valve (or shut-off valve). The check eghvevents back-flow (leakage) of hydrogen
out through the hydrogen fueling line (after fuglis complete and the fueling nozzle has
been disconnected).
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14. The hydrogen shut-off valve prevents thieflowv of stored hydrogen when the vehicle
is not operating or when a fault is detected thgtires isolation of the hydrogen from down-
stream systems or the enviroment.

15. Inthe event of a fire, thermally-activaf@essure 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
consequently cause a hazardous rupture of the §gdrstorage containers. Storage
containers and TPRDs that have been subjectefir®should be removed from service and
destroyed; hence, the TPRDs are designed to vemritire contents of the container rapidly
and do not reseat or allow re-pressurization ottih@ainer.

OICA / GS will provide modifications to the desdram of the fuel cell vehicle for
clarification.

Germany: change to Sl units

3.2.1 LIQUEFIED HYDROGEN STORAGE SYSTHM (put in separate section)

16. As noted previously, hydrogen gas haswagnergy density per unit volume. To
overcome this disadvantage, the liquefied hydrajerage system (LHSS) maintains the
hydrogen at a very low temperature in a liquefiedes

17.  Atypical liqguefied hydrogen storage sysigHSS) is shown in the unshaded area of
Figure 4. Actual systems will differ in the typmymber, configuration, and arrangement of
the functional constituents. For example, in seystems the hydrogen evaporator (heat
exchanger) is integrated into the storage contaatéer than located in the downstream
hydrogen system. Ultimately, the boundaries oflLtHSS are defined by the interfaces
which can isolate the stored liquefied (or gasebydyogen from the remainder of the fuel
system and the environment. All components locatiéitin this boundary are subject to the
requirements defined in this section while compéseatside the boundary are subject to
general requirements in Section 4. For exampéetytpical liquefied LHSS shown in Figure
4 consists of the following components:

a) the fill line check valve,

b) liquefied hydrogen storage container(s),

c) shut off devices(s),

d) Pressure Relief Valves (PRVS),

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

18. During fueling, liquefied hydrogen flowsi 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.

19. Liquefied hydrogen is stored at cryogemioditions. In order to maintain the

hydrogen in the liquid state, the container needsetwell insulated, including use of a
vacuum jacket that surrounds the storage contaifeFssure regulators (PRVs) and pressure
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relief valves (PSVs) protect both the hydrogenagiercontainer(s) and the vacuum the
jacket(s) surrounding the storage container(s) fomer-pressure due to heat transfer from
ambient or during external fires.

20. When hydrogen is released to the propulksystem, it flows from the LHSS through

the shutoff valve. The hydrogen flow from the agge container may be single or two phase
flow, depending on the location of the hydrogenpewator (the heat exchanger that
vaporizes any liquefied hydrogen flowing out of #terage container). In the event that a
fault is detected in the propulsion system, velsalfety systems usually require the container
shutoff valve to isolate the hydrogen from the destneam systems and the environment.

L~ [>Z ’ H, to Fuel Cell or Engine
Defuel
Valve Y
Hydrogen Handling Pressure Regulator
System
Heater

S 'i
| PRV |
l Shutoff |
| Valve |

| / Vacuum Jacket
| %ﬂ Pressure Vessel l
| — Manual l
Check Valve |
| Valve |
| B PRV |
— | PRV |
' Liquid Hydrogen Storage System |
Receptacle | |
With Check Valve|_ _______________________

Figure 4. Typical Liquefied Hydrogen Storage Sysim

3.3 HYDROGEN FUEL DELIVERY SYSTEM

21. Hydrogen is delivered from the storagetamers to the fuel cell stack via a series of
pressure regulators, control valves, filters, gipiand possibly heat exchangers and heaters.
The fundamental purpose of a hydrogen flow corgystem is to reliably deliver fuel to the
fuel cell stack at a specified pressure and tenperdor proper fuel cell operation over the
full range of vehicle operating conditions.

22. The fuel system delivery system must cedtie pressure from levels in the hydrogen

storage system to values required by the fuelsystiem. In the case of 70 MPa compressed
hydrogen storage system, the pressure may haeelteed from as high as 87.5 MPa
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(12,5000 psi) to levels typically under 1MPa atitilet of the fuel cell system. This
challenge requires multiple stages of pressurelaggn to achieve accurate and stable
control and over-pressure protection of down-stregoipment in the event that a fault in the
regulation system occurs. Over-pressure protectiay be accomplished by either venting
excess hydrogen gas through pressure safety vathisslating the hydrogen gas supply (by
closing the shut-off valve) in the hydrogen storagstem when an over-pressure condition is
detected.

52+ 1SO-member recommendation (slide 4): Do not refefOMPa as an upper limit;
write document for unlimited pressure.

Discussion: this is the only reference to 70MRas not written/intended as a limitation.

“70MPa (10000 psi)” can be replaced by “NWP".

3.4 FUEL CELL SYSTEM

23.  The fuel cell generates the electricitgdexl 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 use@ditomobiles 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 genegagiactricity and water without
producing carbon dioxide (Gor other harmful emissions typical of gasolinevpoed
internal combustion engines (ICE).

24.  Asshown in Figure 1, typical fuel celssyms include a blower to feed air to the
cathode-side of the fuel cells. Approximately 60/0% of the oxygen is consumed within
the cells. The remainder is exhausted from theesys The fuel cell usually consumes most
of the hydrogen that is supplied, but a small exegsequired to ensure that the fuel cells
will not be damaged. The excess hydrogen is eittieed with the cathode exhaust to
produce a non-flammable exhaust from the vehicleatalytically reacted.

25.  The fuel cell system also includes ausflicomponents and systems to remove the
waste heat. Most fuel cell systems are cooled iloyxéure of gylcol-water. Coolant pumps
circulate the water through the fuel cells and tteeradiator.

26. The individual fuel cells are usuallydisked” or electrically connected in series such
that the power is between 300 and 600 Vdc. Sinekdells operate a high voltage, all
reactant and coolant connections (including thdardatself) to the fuel cell need to be
adequately isolated from the conductive chassibefehicle such that there are no shorts
that could cause equipment damage or harm peopga wisulation is breeched.

3.5 ELECTRIC PROPULSION AND POWER MANAGEMENT SYSTEM

27.  The electric power generated by the fuel edlliimately used to drive electric

motors that ultimately propel the vehicle. Asslitated in Figure 2, many passenger fuel cell
vehicles are front wheel drive with the electriocvdrmotor and drive-train located in the
“engine compartment” mounted transversely ovelfitiet axle. Larger SUV-type fuel cell
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vehicles may be all wheel drive with electric mston the front and rear axles or with
compact motors at each wheel.

28. The “throttle position” is used by the drivetor 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 regenerétiaking to re-charge the batteries or
ultra-capacitors and thereby maximize efficiency.

29. The drive motors may be either DC or Afxthe 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 hagenerative braking, the drive motor
controller must convert the generated in the dmator back to DC so that the energy can be
stored in the batteries or ultra-capacitors.

4. EXISTING REGULATIONS, DIRECTIVES, AND INTERNATI ONAL
VOLUNTARY STANDARDS
4.1 VEHICLE FUEL SYSTEM INTEGRITY

National regulations.

| 53 EC regulation 79-2009
» Japanese Safety Regulation article 17 and Attachirier Technical Standard for Fuel
Leakage in Collision, etc.
» Japanese Attachment 100 — Technical Standard FiSystems 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

Industry standards:
 1SO
* SAE J2578 - Recommended Practice For General FeleVEhicle Safety

4.2 STORAGE-SYSTEM
National regulations

| » Japanesédd Japan’s 35 Mpa regulation)

« ECE

* FMVSS 304 - Compressed Natural Gas fuel Contaimegtity.
| « Korea High Pressure Gas Safety Control Law

Industry standards:

 1SO
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SAE J2579 - Technical Information Report for Fugstems in Fuel Cell and Other
Hydrogen Vehicles

4.3 ELECTRIC SAFETY

National regulations.

Japanese Attachment 101 — Technical Standard éwedon of Occupants against High
Voltage in Fuel Cell Vehicle.

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

FMVSS 305 - Electric-Powered Vehicles: Electrol@igllage 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

Industry standards:
ISO to provide info. On ISO stds

ISO
SAE J1766—Recommended Practice for Electric andidy#ectric Vehicle Battery
Systems Crash Integrity Testing

5. TECHNICAL RATIONALE

5.1 STORAGE-SYSTEM

Explain the current requirements on CGN fuel caor@ni Existing requlations and

Describe current standards on H2 container. (Nantkerica, Japan, and Europe)

Explain the differences between CNG and H2 contdimgher pressure, etc.)

RATIONALE FOR REQUIREMENTS IN PART B 5.1

This section specifies the rationale for the regmuients established in part B for the integrity

of the compressed hydrogen storage system.

5.1 The storage system is defined to include all clesurfaces that provide primary

containment of high pressure hydrogen storage. defiaition provides for future
advances in design, materials and constructionsateeexpected to provide
improvements in weight, volume, conformability asttier attributes.

5.1.2 Performance-based requirements, therefore, addildgsown on-road stress factors

and usages to assure robust qualification for slittafor vehicle service.
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5.1.2.2.2 The verification test for expected oad-performance requires the demonstration
of capability to perform essential safety functiamgler worst-case conditions of expected
exposures. “Expected” exposures (for a typicalalehinclude the fuel (hydrogen gas),
environmental conditions (such as often encountemegberature extremes), and normal
usage conditions (such as expected vehicle lifetange, driving range per full fill, fueling
conditions and frequency, and parking). Expece&dise requires sequential exposure to
parking and fueling stresses since all vehiclementer both uses and the capability to
survive their cummulative impact is required foe gafe performance of all vehicles in
expected service.

Add the actual 25 years as the purpose of the test.
Data bases for 5.1.2.2.2 test protocol include:
1. Proof Pressure Test — routine production of pressgassels includes a verifying, or
proof, pressure test at the point of productionictviis 150% as industry practice.
2. Typical temperature extremes -- weather recondg (N member government)
show temperatures-40C occur in countries north of the 45-th pataltemperatures
~50C occur in desert areas of lower latitude coesitr
3. Expected Service: worst-case = lifetime of mostsstful fuelings (empty-to-full
| fuelings) under expected (typical) usage; 15 yatfsll-fill parking; ereand 10
service-station over-pressurization events.
Need rationale for 15 years limitation. 15 yearsurrently in the Japanese regulation.

4. Number of fueling/de-fueling cycles
| i. Expected vehicle lifetime range is taken to be 155K250k km)

Vehicle Age Va. Average Odomater
Passenger Cars

aaaaa
-

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

Source: Sierra Research Report No. SR2004-08t@4], "Review of the
August 2004 Proposed CARB Regulations to Contr@eBhouse Gas Emissions
from Motor Vehicles: Cost Effectiveness for the Yo Owner or Operator”, and
dated September 22, 2004.

| ii. Expected vehicle range per full fueling is taketn&300 mi (483km) based on
2006-2007 market survey of Nissan, Daimler, Chryskeneral Motors, Ford,
Honda, and Toyota products.

| iii. Therefore, the expected number of full fuelingshie@ worst-case (only full
fuelings in vehicle lifetime) is taken to be 5055 000/300.

| iv. Since the stress of full fuelings exceeds the stépartial fuelings, the design
verification test provides a significant marginaafditional robustness.

| v. On-road experience: 70MPa hydrogen storage sydtanesfailed (leakage)
during brief on-road service of demonstration ptyjte vehicles.
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vi. Test experience: 70MPa hydrogen storage systemhpdaissed NGV2 test
requirements have failed during the 5.1.2.2.2destlitions in failure modes that
would be expected to occur in on-road service (Pm@ek report to DOE/SAE).

5. Fueling conditions

viki. SAE J2601 establishes fueling protocol -- 3 miausefastest full fueling; fuel
temperature for fast fueling is ~ -40C.

vi=ii. Expected maximum thermal shock conditions are systguilibrated at ambient
temperature ~50C subjected to -40C fuel, and systaniibrated at -40C
subjected to indoor private fueling at ~20C.

6. Parking at full fill for 15 years

pi.On-road experience with CNG tanks -- no stresturepvithout exposure to
corrosives (stress corrosion cracking).

*:il. _Laboratory experience with high pressure vesselposite strands —
documentation of time-to-rupture as a functiontafis stress (Aerospace Corp
Report No. ATR-92(2743)-1 (1991) and referenceseihg without exposure to
corrosives

xkiii. _Use of laboratory data to define equivalence dffegkire probability for testing
at 100% NWP for 15 years and testing at 125% NWR®00 hours is
documented in SAE 2009-01-0012.

xi=iv. No formal data on parking duration per vehicleiéfecent fill conditions.
Examples of expected lengthy full fill occurrenaesdlude vehicles maintained at
near full fill at all times, abandoned vehicles aotlectors' vehicles.

7. Leak/permeation

xhi=i. Leak and permeation are risk factors for fire hdgan confined spaces such as
parking garages.

xiii. The leak/permeation limit is defined to protect wharst-case condition of a tight
(30m3) warm (5%C) garage having low air exchange (0.03 volumetiric
exchanges per hour) from reaching 25% LFL. The 2%#gin is conventionally
adopted to accommodate concentration inhomogeseitie

xwii. Data reference for garage sizes, air exchange eatdsgarage temperatures are
found in the EU HySafe report “Allowable Hydrogearfeation Rate for
Automotive Applications” VTEC Doc No. 06120-09-13Q, 2009.

xvkiv. A localized leak test is to be conducted to enthaeexternal leakage cannot
sustain a flame that could weaken materials andexptently 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®8.328 mg/sec per from a
typical compression fitting and the lowest leakgible from a miniature burner
configuration is 0.005 mg/sec. Since the miniatwrener configuration is
considered a conservative “worst case”, the maxirteakage criteria is selected
as 0.005 mg/sec.

xvi-v. Fueling Station Over-pressurization (5.1.2.2.2.5).

xvitvi. Fueling station over-pressurization constraineduigying station requirements to
<150% NWP

xbevii. Laboratory data on static stress rupture usedfinelequivalent probability of
stress rupture of composite strands after 30 secanti80% NWP as after 2 hours
at 150% NWP in the worst case (SAE 2009-01-0012).

»xviii. Field data on the frequency of failures of highsstee fueling stations involving
activation of pressure relief controls is not aafalié. The small number of 70MPa
fueling stations currently available does not suppabust statistics.
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8. Residual Strength Burst (5.1.2.2.2.6)

Requirement for <20% decline in burst pressure afd@0-hr static pressure
exposure is linked (in SAE 2009-01-0012) to asstedhat requirement has
allowance for 10% manufacturing variability in asswce of > 15 years of rupture
resistance at 100% NWP.

5.1.2.2.1 The verification test for on-road penfance durability ensures the system is fully
capable of avoiding rupture under extreme conditisihusage that include extensive fueling
frequency (perhaps associated with replacementwdtcain components), physical assaults
and harsh environmental conditions. These dutglédsts focus on structural durability
needed to prevent rupture. The addition attertbamipture resistance under harsh external
conditions is provided because 1) the severityoosequences from rupture is high, 2)
rupture is not mitigated by secondary factors k isanitigated by onboard leak detection
linked to countermeasures. Since these extremditamms are focused on structural fatigue,
they are conducted hydraulically — which allows enextensive stress exposure in practical
time. [Pneumatic testing provides additional stf@stors focused on the vessel interior and
strongly linked to initiation of leakage.]

Data bases for 5.1.2.2.1 test protocol include:
1. Extended & Severe Service worst-case = lifetimmost stressful fuelings (empty-

to-full fuelings) under extended & severe usag@;sdrvice-station over-
pressurization events

2. Number of fueling/de-fueling cycles in extendedgesa

Vi.
Vii.

A higher than expected number of fuelings occurs ff) the vehicle lifetime
mileage is higher than expected, 2) the vehictgeaper full fill is lower than
expected, 3) the average vehicle fueling is lleaa & full fill.
The high-frequency extreme number of partial fuggins given by: (extreme-usage
lifetime vehicle range) / ( minimal vehicle rangergull fill) / (minimal lifetime
average fill volume fraction).
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 availélilof 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 atenvals of 70 — 100 miles
traveled.
Extreme-usage lifetime vehicle range is taken &0® miles (590 km). Sierra
Research Report No. SR2004-09-04 for the CalifoAiiaResource Board (2004)
on vehicle lifetime mileage showed all scrappediateb had mileage below 350 k
miles (the 3-sigma value, the 99.Bercentile, was 260k miles; the 6-sigma value
was 366 k miles).
Minimal vehicle range per full fill is taken as 2@t (322 km). At present all on-
road vehicles produced by high volume vehicle mactuirers have a vehicle range
per full fill greater than 300 miles.
Therefore, the extreme number of fuelings is tak®b8500 = 3 x 366,000/200.
Robustness (safety margin) of extended durabibsigh-qualification requirement
)0 The probability of a system encountering the spegtihumber of fuelings is
the product: Prolfvehicle range=366 000 miles) x Pralvehicle full-fill range
<200 miles) x Projjvehicle lifetime average fueling volum@3%). Estimates
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from data cited above indicate Pradnd Prob are each lower than 1/million,
ensuring the result is below 10

¢)30 A vehicle with a modest driving range of 200 milesr full fueling would
have to be driven over 1 million miles to requii©B empty-to-full fuelings.

h)}o Low-volume partial fills cause markedly lower swangn temperature and
pressure, and consequently markedly lower streises empty-to-full fill
stresses. Comprehensive data is not availablesésts an order of magnitude
lower than empty-to-full fuelings have been seeifherefore, conducting the
high-frequency fueling pressure cycle tests withpsmato-full fueling pressure
swings provides a margin of robustness potenta@ilyhe order of x 10.

3. Severe usage: Exposure to chemicals in the onepeidonment

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

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

lii. Stress corrosion rupture of on-road glass-compesi@ped vessels exposed to
battery acid was replicated by the proposed tedgbpol; other chemicals were
added to the test protocol once the generic risthemical 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#g risk is therefore required.

4. Severe usage: Exposure to physical impacts
al. Roadway impacts that degrade exterior structurahgth and/or penetrate
protective coatings (e.qg., flying stone chips) wadstered by pendulum impact
bii. Surface damage — cuts characteristic of wear frauanting straps can wear
through protective coatings — administered cutsasgntative of strap wear
&iii. _Drop impact — risk is primary aftermarket risk iehicle repair where a new storage
system, or an older system removed during vehe@ce, is dropped from a fork
lift during handling. The test procedure requidesps from several angles from a
maximum utility forklift height. The test is desigd to demonstrate that
containment vessels have the capability to sumapeesentative pre-installation
drop impacts if the system does not have unaltenaalrkers that record exposure
to comparable impacts to designate that instafidagaot authorized.
5. Sequential performance of tests replaces on-ropdrence where a single vessel is
subject to multiple exposures — not realistic tpext a vessel could only encounter
one type of exposure through vehicle life.

5.1.2.3 Performance Tests Requirements for CaH@ualified Systems
| =1. Al production units are required to have full chjfiy to comply with 5.1.2.2 but
may formally qualify for on-road service using siifipd testing under specific criteria:

. Systems constructed (liner and/or body) with $tamsteel SUS316L or aluminum
A6061 (Japan will supply rationale)

—ii. _New systems that are very similar to previouslylifjed systems —criteria for being
sufficiently similar are specified based on NGVtbis.

| iii. Alternative tests are hydraulic stressors of rupinducing fatigue to confirm

resistance to the biggest risk impact, which igutgg Pneumatic tests primarily
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stress the vessel interiors and lead to leak, wikiskecondarily mitigated by onboard
leak detection; hence, less of a risk considetiegesser severity of impact,
secondary mitigation and previous qualificatioracfimilar system (or metal leak-
resistant interior).

5.1.2.4 Verification of performance under sentininating conditions is designed to
prevent the severe impact of rupture under condorsevere that hydrogen containment
cannot be maintained.

1. Engulfing bonfire test is tradition fire safety tesprimary objective is to ensure
presence of a TPRD.

2. Penetration test -- no direct correspondencedsicsafety. However, in some
locales local officials express concern about fiskn exposure to gunfire — the test is
reassuring to those officials, though actually matlistic given the extreme caliber
and marksmanship required to perform the test.

Japan requests for technical rationale for penetréiullet impact test.

5.1.2.1 and 5.1.3 Verification of Baseline Metragssd Documentation of Production Quality
Control

1. Performance verification testing of one (or few$tsyns is only meaningful if
production units correspond to the units testestalilishing of key metrics of units
tested for performance is required for documentadiocorrespondence of
manufacturing units.

2. Nominal (average) initial burst strength is reqdite be > 2.0 x NWP -- this allows
10% manufacturing variability with all units > IxX8NWP.

3. Nominal (average) pressure cycle life is requietd > minimum number of test
cycles in 5.1.2.2.1 and is set to highest valuesuea during performance testing if
variability is high (>25%) to assure that testedsiare not stronger than
manufactured units. For vessels that do not I&ak 21000 cycles, pressure cycle
life is set to 11000. (The constraint {2526 variability is immediately satisfied when
pressure cycle life is set to 11000).

Add section for liguefied hydrogen storage syst&his section specifies the rationale for the

requirements established in part B for the intggsfithe liguefied hydrogen storage system.

5.1.3 Storage System Production Requirements

Manufacturers are expected to ensure that all mtamiu units meet the requirements of
performance verification testing in 5.1.2. Manufmers of storage systems must provide the
following information to requlatory authorities upoequest.

5.1.3.1 Documentation of Routine Production (ERobduced Unit). Documentation should
include results of routine leak tests, proof pressests, and dimension, and NDE
examinations verifying that expansion and flaw siase within design specifications.
Documentation should show that components providiagure functions, such as the shut-
off valve, check valve and the TPRD meet industaypdards.
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5.1.3.2 Documentation of Periodic Production TéBttch/Lot Tests). Documentation
should include measurements and statistical aralysed to confirm that

a) the average (hydraulic) initial burst pressafreew storage containers is > BP
(established in 5.1.2.2.4.1) and that the initiaisb pressure of every produced unit is
> 180% NWP and > 90% BP

b) the average (hydraulic) pressure cycle life@k storage containers is > BCL
(established in 5.1.2.2.4.2) and that the pressyaie life of every produced unit is >
75% PClg and > 5500.

5.2. VEHICLE FUEL SYSTEM

5.2.1 IN-USE

Below are the requirements from the TUV proposat tieere recommended for Part A,
rewrite the language for part A:

Provide an explanation why the SGS decided to nioese proposed requirements to part A.

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

* The materials used in the hydrogen system shalbb#atible with gaseous or liquid
hydrogen.

* A hydrogen system shall fulfil at least the folleygifunctions:
- refuelling
— protection against overpressure;
— excess flow protection
— automatic shut-off (automatic isolation of thelfgtorage system)
- safety management
- boil-off management for LH2

* No component of the hydrogen system, including @ayective materials that form
part of such components, shall project beyond thkne of the vehicle or protective
structure.Need to explain why this is not required in thetfgaof the GTR. Or how it
would be covered by the system safety requirements.

* The hydrogen system shall be installed such thatgtotected against damage under
normal operating conditions.

* An excess flow system for the fuel line and thienfy line shall be part of the
hydrogen system
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¢ A pressure relief device shall be provided andaiiet into the opening of a container
or at least one container in a container asserbiyto an opening in a valve
assembled into the containerhis issue is being addressed by the storage s\gstem
bonfire test. Provide explanation in Part@ontracting party may clarify
requirements for acceptable operation of PRD suchsaCSA...or I1SO...., for the
purpose of type approval.

i

GS will provide a write-up on PRD, its operatiowsgible failures and the need of

compliance to certain industry standards.

Japan will provide a risk assessment to justifytt@iee following components for each
container: main shut off valve, a container cheak/& (=container non-return valve) and a
container safety valve (= pressure relief device).

Container assembly = Storage system; storage aoerta tank or vessel without valves

* Rigid fuel lines shall be secured such that thefistot be subjected to critical
vibration or other stresses, e.g. they shall b@aupd at an interval of 1 m or less..
Justification for not accepting the Japanese reguient shall be provided in part A.

Also, recommended practices can be mentioned aoptre write-up

* During the refilling process the hydrogen systemldimve the means to provide
electrical continuity with the refilling facilitiebefore hydrogen transfer is permitted.
Japan will provide test data for justification i A.

* The receptacle shall be secured against maladjnstemne rotation. The receptacle
shall also be protected from unauthorized interfeeg and the ingress of dirt and
water so far as is reasonably practicable, e.gclked hatch. It shall be safe against
reasonably foreseeable handling erropsovide a write-up on for part A. Encourage
industry to standardize filling receptacle.

* The gas filling port (or receptacle make sureatssistent thru out the document )-
shall not be installed in the passenger compartnheéggage compartment and other
places where ventilation is not sufficienprovide write up for part A.

[Need explanations and justifications including reports, analysis, studies for:
* 4% lower flammability limit (LFL)]

Lower Flammability Limit (LFL):  Lowest concentration of fuel in which a gas migtis
flammable. National and international standardié®¢such as NFPA and IEC) recognize
4% hydrogen in air as the LFL. See the US Departroklnterior, Bureau of Mines Report
503 for further information. Flammability limit&FL, UFL) depend on mixture

temperature, pressure and the presence of dilgieas, and are assessed using specific test
methods (e.g., ASTM E681-04). While the LFL valuéote a is appropriate for evaluating
flammability in general surroundings of vehiclesmside passenger compartments, this
criteria may be overly restrictive for flowing gsisuations where ignition requires more than
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4% hydrogen in many cases. Whether an ignitiomcgoat a given location can ignite the
leaking gas plume depends on the flow conditiortktha type of ignition. At 4% hydrogen
in a stagnant, room temperature mixture, combust@monly propagate in the upward
direction. At approximately 8 to 10% hydrogenhe mixture, combustion can also be
propagated in the downward and horizontal direstimmd the mixture is readily combustible
regardless of location of ignition source. In$HTSA test report on fire hazard study.

Insert rationale for warning system: Amber foradion system malfunction and Red for
hydrogen leakage - Martin

xy. Telltale/Driver Warning

Germany will provide a more detailed rationalei@rning requirement.

[If a single failure of the hydrogen system resuita hydrogen concentration in air greater
than 4% by volume within the passenger compartnhgmjage compartment, and spaces
within the vehicle that contain unprotected igmtisources, the main hydrogen shutoff
valve(s) shall close and provide warning.

Protection against flammable conditions of 4% bl hydrogen in air (or greater) in the
passenger compartment, luggage compartment, asdsgaimportant. Vehicles may
achieve this objective by design (for example, whsyaces are vented to prevent increasing
hydrogen concentrations) or other means. |If thecke is designed to detect hydrogen
concentrations of 4%, then the main hydrogen shutd¥e(s) shall close to prevent further
increases and provide for dissipation of the hydm@nd the driver shall be provided with a
warning through a visual telltale so the driver eaticipate the change in vehicle operation.]

The safety of occupants is of utmost concern t&SB& experts. In recognition that the most
dangerous situations can occur in case of uninteleddkage of hydrogen potentially
reaching critical concentration levels. It has bagreed that in order to prevent catastrophic
failures, the on-board hydrogen container shoulddugépped with a shut off valve that is
automatically activated in cases of failure of liydrogen storage system and unintended
leakage of hydrogen.

OICA requests for better text to accurately reftbetrequirement in 5.2.1.2

The SGS agreed unanimously that the GTR shoulddech provision requiring a
telltale/warning system that would alert the drirecase othe-automatic shuaff-of
hydrogen leakage that results in concentrationldeveourpercent-antiigherthan 4% by
volume within the passenger compartment, luggaggentment, and spaces within the
vehicle The SGS also agreed that the telltale should tlerdriver in case of a malfunction
of the detection system itself.

The GTR requires that the system shall be abletectl either scenario and instantly warn
the driver. The shut-off telltale shall be insitie bccupant compartment in front of and in
clear view of the driver. The group discussed alkether it is necessary to make the telltale
warning visual only or in case of the shut-off, @tdaudible warning. There is no data to
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suggest that the warning function of the telltatand be diminished if it is only visual so for
the time being the group did not add the requirdrtteat the warning should be audible as
well. It is up the manufacturer to decide whetlmeytwould like to add this feature.

When starting the vehicle, the hydrogen systemumatfon telltale shall be briefly activated
The telltale should stay illuminated until the caushich triggered the telltale warning to go

off, is eliminated. When illuminated, the telltalleall be sufficiently bright to be visible to the
driver under both daylight and night time drivingnditions.

CAUSES SymMBOL CONTROL CoOLOUR
Detection system malfuncation TBD EOL-TALE YELLOW
Hydrogen leakage TBD ELL-TALE RED

xy Telltale Color Requirement

The SGS agreed that the two scenarios for the ngutoi go off should be differentiated so
that the driver and occupants can make approp&tesions. It was agreed that the color of
the light for the system working correctly (“On/Rushould be green. Manufacturers are
permitted to use the telltale in a steady or flaghmode to indicate normal operation of the
system.

Xy Malfunction of the detection system warning

In case of the detection system failure, the telkgarning light should be amber/orange. In
case of the emergency shut-off of the valve, th&ale light should be red. The group
believed that differentiating between the two sc@sawill clearly communicate to the driver
exactly which condition is occurring and facilitdtetter decisions by the driver. . In the
context of the hydrogen system telltale, the anyedow warning would be “cautionary”,
communicating properly to the driver the level ajency with which the driver shall seek to
remedy the malfunction of this important safetytéiea. Specifically, in case of the detection
system malfunction it shall not be necessary tp atad abandon the vehicle. It was discussed
in the group that in such case, the driver wouldtiooie driving to the destination or place,
where it would be reasonable to expect that someladlid be able to inspected and service
the vehicle

xy Emergency hydrogen valve shut-off warning

In cases where the hydrogen leak results in a crat®n level in air of four percent or
higher, the pressure relief valve shall be immediyadctivated to shut off the flow of
hydrogen from the storage container. The shut-ofti@ valve should trigger an immediate
red color warning issued to the driver. In suchecéise driver should immediately proceed to
park and shut down the vehicle.

xy Telltale labeling
While the group agreed on the need for the hydralgéection system malfunction and the

hydrogen container shut-off telltale, there wasansensus among the participants as to
what symbol should be used for the telltale; hoshuld be identified.
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In terms of labeling the hydrogen system malfunctalltale, it was discussed labeling the
telltale with a letter “H”, the international symldor hydrogen from the Periodic Table of
Elements. It is also the letter “H” that that tlsgpdnese manufacturers chose as symbol for
the hydrogen system telltales in their vehiclesSSkbwever, after considering comments
from all stakeholders, including the industry, dmt stipulate what symbol to use at this
point.

xy Telltale location

The SGS is leaving the location of the telltale@he manufacturers in recognizing that
stipulating a specific location would not increaselecrease safety of the hydrogen vehicle.
It is also anticipated that manufacturers woulé li& have the discretion whether to place
such warning on the panel or heads up displaye&ustSGS members believe it is sufficient
to stipulate that the telltale shall be in the dir@nd clear view of the driver while in the
driver’'s designated seating position with the drivseat belt fastened ensuring that
manufacturers will choose a reasonable locatiothertelltale. The group, therefore, does
not anticipate that the manufacturer would plaeetéitale in a less prominent location such
as the vehicle’s central console, for example.

Insert rationale for TPRD discharge directions
Insert rationale for exhaust H2 discharge limit

Description of the fuel cell’'s operation and itseharge of diluted fuel; and exhaust
system’s operation including figures...

Explain the 3-second moving interval

| Include GS’s calculation

Insert rationale for [not] regulating the secondairgssure system (downstream of the
pressure regulator)

5.2.2 POST CRASH requirements:

Insert explanation for contracting parties maintagrtheir existing crash tests in phase 1.

Explain the heat calculation from gasoline to hgdno. Explain the different between the
| Japanese limit and OICA limifcheck Japan’s presentation submitted in SGS-5)

Insert explanation for crash test leakage limit emahitoring time

Insert explanation for alternative fuel for crashtt

5.2.3
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5.3. ELECTRIC SAFETY

Describe the Japanese regulation;
Other government regulations
Industry standards
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TEXT OF REGULATION

Purpose: This regulation specifies performance requiremértfiydrogen-powered

vehicles. The purpose of this regulation is toimire human harms that may occur as a
result of fires or explosions related to the vehitiel system and/or from electric shock
caused by the vehicle’s high voltage system.

2.

Application / Scope: This regulation applies to all vehicles of Categb+y and 1-2,

with a gross vehicle mass (GVM) of 4,536 kilograongess.

3.

Definitions

For the purpose of this regulation, the followirgfiditions shall apply: Hydrogen powered
vehicle: any motor vehicle that uses hydrogeruaktb propel the vehicle including fuel cell
and internal combustion engine vehicle.

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

Vehicle fuel system: all components used to storgupply hydrogen fuel to the
storage system or to the fuel cell module or irdkoombustion engine (ICE).

Storage system: The Hydrogen Storage System ¢sndithe pressurized
container(s), Pressure Relief Devices (PRDs), atiutevice(s), and all components,
fittings and fuel lines between the container(g) drese shut off device(s) that isolate
the stored hydrogen from the remainder of the $ystem and the environment.

Pressure relief device (PRD): A device that, whetivated under specified
performance conditions, is used to release flldthfa pressurized system and thereby
prevent failure of the system. Thermally activa®RDs are designated TPRDs.

Pressure relief valve: A pressure relief device tipens at a preset pressure level and
can re-close.

Single failure: a failure caused by a single ever@uding any consequential failures
resulting from this failure.

Fuel cell module: Fuel cell modules are compriskdne or more fuel cell stacks;
connections for conducting fuels, oxidants, andaesks; electrical connections for
the power delivered by the stacks; and means faritoring and/or control.
Additionally, fuel cell modules may incorporate medor conducting additional
fluids (e.g., cooling media, inert gas), meangdietiecting normal and/or abnormal
operating conditions, enclosures or pressure \v&ssedl ventilation systems.

Lower Flammability limit (LFL): Lowest concentraticof fuel at which a gaseous
fuel mixture is flammable at normal temperature pressure.

UFL: Highest concentration of fuel at which thesesufficient oxidant in the gas
mixture for the mixture to be flammable. The UFLhgtdrogen is 74% in air.

Remove if not used in section 5.

3.9

The exhaust’s point of discharge: geometric ceniténe area where fuel cell purged
gas is discharged from the vehicle.
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3.10 High voltage: Classification of an electric companor circuit, if its maximum
working voltage is > 60 V and [1500] V of direct current (DC) or > 30 V ard
[1000] V of alternate current AC.

3.11 High voltage: High voltage is defined as greatantor equal t60 VDC and 30
VAC. Refer to ELSA document

3.12 [Enclosed and semi-enclosed space: Volume suremlby vehicle components or
structure in such a manner that hydrogen may acladenwithin the volume. These
volumes include, but are not limited to, spaceh sacpassenger compartment,
luggage compartment, fuel storage compartmentspade under the hood.( and
spaces under the vehicle)]

4. General requirements:

4.1 Each hydrogen-powered vehicle shall meet the remeénts of section 5.1 and 5.2. In
addition, vehicles using high voltage shall meetréquirement of section 5.3.

4.2 Each contracting party under the UNECE 1998 Aggement will maintain its existing
national crash tests and use the limit values of sgon 5.1.3.1 for compliance.

5. Performance requirements

The following, section, 5.1, contains OICA’s propador the storage system and relevant
comments from ISO and from the discussions of SG8&eting. This section is kept in
square brackets and subjected to discussion anceagrent.

5. Performance requirements
5.1 [Hydrogen Storage system:

| B Chair Comment: As a result of consensus at thepest and Mainz meetings, the
OICA proposal is accepted as the working draftlierstorage requirements for this GTR.

7 Comments from other SGS members are included.

. Question: should container's NWP_be limited byMifa?

. Japan regulation sets upper limit at 70 Mpa.

The upper limit of NWP shall not be lower than 7@
Members will submit rationale to support settingeplimit or not.

This section specifies the requirements for thegnty of the compressed hydrogen storage
system. The hydrogen storage system consist®dfitin pressure storage container(s) and
closures of openings into the high pressure stocagtiner(s). Closures include the

| temperature-activated pressure relief device(sSROR check valve(s), shut-off valve(s) and
all components, fittings and fuel lines betweendtwage container(s) and the closure
device(s) that isolate high pressure hydrogen fiteerremainder of the fuel system and the
environment. A check valve prevents reverse flowhe vehicle fill line. A shut-off valve
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between the storage container and the vehiclesfistém defaults to the closed position
when unpowered.

GS -Need definitions for storage componené&nperature-activated pressure relief device(s)
(TPRD), check valve(s), shut-off valve(s)
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Figure 5.1.1 Generic Hydrogen Storage System

* ISO-member recommendation (slide 3): Types of tanks Keep the types 1, 2, 3 and 4
to avoid performing tests that may not be necessaisome types of tanks.

SGS-6 DiscussionThis limits designs (material/construction) tarent manufacturers
capabilities; type 1, 2, 3 and 4 [metal tanks, hea@apped and full-wrapped tanks;
carbon & glass wrap material; aluminum & steel Iisp Current technologies have
limited applicability due to cost, weight, mass dack of conformability. Opportunity

for competitive high volume deployment is linketetthnology advancement. The benefit
of performance-based requirements is 1) the allityew technologies to qualify without
delay of regulatory revision often linked to prafiesal consent of disadvantaged
competitors, 2) performance-based requirementsatalependent on full knowledge of
failure modes, but rather knowledge of applicabteroad stress factors.

Qualification requirements for on-road service uald:
5.1.1 Material Requirements
5.1.2 Storage System Performance Test Requirement
5.1.3 Storage System Production Requirements
The test elements within these performance req@nésnare summarized in Table 5.1.

Table 5.1.1
Overview of Performance Qualification Test Requirenents

5.1.1 Material Requirements

5.1.2 Storage System Performance Test Requirements

5.1.2.1 Verification Tests for Baseline Metrics

5.1.2.1.1 Baseline Initial Burst Pressure
5.1.2.1.2 Baseline Initial Pressure Cycle Life

5.1.2.2 Performance Test Requirements for §15.1.2.3 Performance Test Requirements
New Systems for Criteria-Qualified Systems

5.1.2.2.1 Verification Test for Performance [J|5.1.2.3.2 Expected Service and Durability
Durability (sequential hydraulic Performance Test (sequential
tests) hydraulic tests)
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5.1.2.2.1.1 Proof Pressure Test

5.1.2.2.1.2 Drop (Impact) Test

5.1.2.2.1.3 Surface damage and Chemic
Exposure Test

5.1.2.2.1.4 Extreme Fueling Usage; Ambi
Temperature Pressure Cycling
Test

5.1.2.2.1.5 Residual Proof Pressure Tes

5.1.2.2.1.6 Residual Strength Burst Test

5.1.2.3.2.1 Hydraulic Proof Pressure T
5.1.2.3.2.2 Drop (Impact) Test

5.1.2.3.2.3 Surface damage and Chem

Exposure Test

t 5.1.2.3.2.4 Extreme Fueling Usage:
Ambient Temperature
Pressure Cycling Test

5.1.2.3.2.5 Parking Performance

Verification Test: Extreme
Temperature Static Pressure
Test (hydraulic)

5.1.2.3.2.6 Extreme Fueling Conditions;

oSt

ical

Extreme Temperature Pressure

Cycling Test. (hydraulic)

5.1.2.3.2.7 Residual Proof Pressure Te¢
5.1.2.3.2.8 Residual Strength Burst Te

st
st

5.1.2.2.2 Verification Test for Expected On-
road Performance (sequential
pneumatic tests)
5.1.2.2.2.1 Proof Pressure Test
5.1.2.2.2.2 Fueling Performance
Verification Test: Extreme
Temperature Pressure Cycling
Test (pneumatic)
5.1.2.2.2.3 Parking Performance
Verification Test: Extreme
Temperature Static Pressure
(pneumatic)
5.1.2.2.2.4 Leak/Permeation Test
5.1.2.2.2.5 Residual Proof Pressure Test
5.1.2.2.2.6 Residual Strength Burst Test
(Hydraulic)

5.1.2.3.3 Permeation Test

st

5.1.2.4 Verification Test for Fail-Safe Performane

5.1.2.4.1 Engulfing Fire (Bonfire) Test

5.1.2.4.2 Penetration Test

5.1.3 Storage System Production Requirements

Pneumatic tests

* US Comment: Production quality control should nefplart of the GTR, could be part of
additional requirements e.g. in the type approysiesn
* EC - Study reservation on COP.

Discussion clarification: requirement is recor@pimg for production, not production

qualification testing. Assurance of conformitypwsbduction is required so that test sample(s)

are representative of expected on-road servicebdapa
ISO — are these tests defined in the proposal?08€esil.3
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5.1.2.1 Material Requirements

[Manufacturers are expected to assure that magarsdd in storage systems meet design
specifications of the manufacturer and are capaibdmduring on-road conditions and the
performance verification testing in 5.1.2. Manuémers of storage systems must maintain
information relevant to the system design thatuidek:

a) tensile properties and softening temperatut®@€) of plastic liner material
b) glass transition temperature

c) resin shear strength

d) coating adhesion and flexibility]

¢ Link the tests to procedures in 6.4.1

* ISO-member recommendation (slide 12): Since material properties are essential
requirements for the safety of containers, we renend that they be incorporated in
the GTR text.

» Japan proposes to add a hydrogen embrittlement test once the
requirements/procedures are finalized.

SGS-6 Discussion: Provision for material propestreay be appropriate. Provisions
within SAE TIR J2579, ISO TS 15869, EIHP, and N@&¥¢Ximilar in content.

US — Material requirements are not necessary smediave an overall performance-based
gualification.Keep in part B and4eve-thiste-Part-@xplain in part A that this requirement is
for type approval

5.122 Storage System Performance Test Requirements
Definitions of the used terms have to be included!

The hydrogen storage system will be qualified toglkrformance test requirements specified
in 5.1.2.2 and 5.1.2.4, or requirements speciied.1.2.3 and 5.1.2.4. All new vehicle
hydrogen storage systems must be capable of sagsiquirements of 5.1.2.2. The test
requirements in 5.1.2.3 provides a simpler mearmgalify those storage systems that meet
the criteria specified in 5.1.2.3.1. The specifmas for all test procedures in 5.1.2.2 and
5.1.2.3 are provided in Section 6.

The storage system does not have to be re-quallified subsystem components are
exchanged for components with comparable funcfitimgs, and dimensions, and meet
comparable component performance qualificationifipatons. A change in the TPRD
hardware, its position of installation and/or vagtlines requires re-qualification with a
bonfire test.
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This criteria applies to qualification of storagestems for use in new vehicle production. It
does not apply to re-qualification of any singleguced system for use beyond its expected
useful service or re-qualification after a potditiaignificant damaging event.

5.1.2.1 Verification Tests for Baseline Metrics

5.1.2.1.1 Baseline Initial Burst Pressure TestleAst 3 new storage containers will undergo
a hydraulic burst test to verify that the initialrbt pressure of each container i$80% NWP
and to determine BPPthe average value, as the baseline initial aretsure for 5.1.3.2. To
accommodate at least 10% manufacturing variabBBs, must be >200% NWP.

* ISO-member recommendation (slides 9&10): use hestbCNG initial burst
requirements.
SGS-6 Discussion: 1) The basis for the CNG infiiaist requirements is mixed. The glass
requirement was based on static fatigue strandgduesin-impregnated fibers) data — the
same data supports equivalent safety (equivalestigduility of rupture) for glass composite
strands through the requirement for no rupture @dQhr at 125% (See SAE 2009-01-
0012). The CNG value for carbon composites excéedgalue suggested by strand data
(SAE 2009-01-0012); the difference being linkeduiojective and competitive business
factors. The value for metal is linked to the fitval reduction ordered during WWII.

2) The historical CNG initialiist requirements were established based on
estimated fatigue resulting in loss of burst sgnover vehicle life — based on static
fatigue data — while the draft GTR requires thatremxe fatigue stresses beyond those
possible in vehicle life be directly replicatedetasure resulting fatigue is realistically
evaluated. Thus the draft GTR substitutes the mevere end-of-life testing for beginning-
of-life testing and, in addition, retains complgtéie linkage to the strand fatigue data
(1000hr @125%NWP) that was the basis of the orgBMG initial burst requirements.

3) the historical CNG burst véggments anticipate/accommodate substantial
(> factor of 3) deterioration in burst strength aweehicle life. The draft GTR requires
much greater structural stability by requiring thHaurst strength may deteriorate by less
than 1/5 (20%) over exposure to a lifetime of eyahd static stress

4) 40 yrs of experience with CNggsinot translate to 40 years of experience
with hydrogen and 70MPa pressure; much of thetgafi@rovement with CNG came from
the requirement for pressure cycling after chemegiosure, reduced corrosive stress
rupture, the primary cause of failures other thaa.f The draft GTR proposal retains
requirements for pressure cycling after chemicgasxire. The advantage of performance-
based testing is that it does not require knowleolga| failure modes, but rather
replication of extreme on-road conditions. Knovgeaf how the time factor affects failure
modes -- as used to develop initial burst pressegeirements for lower-pressure CNG —
is accommodated fully accommodated in the draft GTR

5) As the pressure increasesmhbegin in strength associated with a
multiplicative NWP factor is magnified well beyaamtommodation for presumably
additive associated stresses and results in comgéidourden without associated realizable
safety benefit.

6) Variability due to manufactugirs explicitly accommodated in the draft GTR
requirements (SAE 2009-01-0012 and presentati@®@® SAE Global Congress) that
limits manufacturing variability in initial burstnessure to 10% and accommodates that

DRAFT 32



SGS-7-11
SGS6-1

DRAFT

10% in assurance of lifetime (25 years) resistaiocgtatic stress-induced rupture and a
lifetime of cycling stress-induced rupture, combine

5.1.2.1.2 Baseline Pressure Cycle Life (Leak BeBrmeak) Test. At least 3 new storage
containers will undergo ambient hydraulic pressiyaing from <2MPa to
150%NWP without rupture for 11,000 cycles (2 tintes number of cycles
required for 5.1.2.2.1.4) or until leak occurs. Tnessure cycle life, PCL, of a
storage container is the number of cycles untk.ldéno leak occurs, then PCL
is equated to 11,000. All 3 storage containerstinarge a pressure cycle life,
PCL, within 25% of PCb. PClLy, the average of the measured PCLs, is the
baseline pressure cycle life for 5.1.3.2.

the number of representative samples? Germanynaile a proposal for amendment.

5.1.2.2 Performance Test Requirements for New Sgms

All new hydrogen storage systems must be capaldataffying the test requirements of
sections 5.1.2.2.1,5.1.2.2.2 and 5.1.2.2.3. Em®pnance test requirements consist of:

5.1.2.2.1 Verification Test for Performance Duliép{Hydraulic sequential tests)
5.1.2.2.2 Verification Test for Expected On-roafBrmance (Pneumatic sequential tests)
5.1.2.2.3 Verification Test for Fail-Safe Performe

5.1.2.2.1 Verification Test for Performance Duliép{Hydraulic sequential tests)

A hydrogen storage system must not leak duringdhewing sequence of tests, which are
illustrated in Figure 5.1.2.2.5-2.3 At least one system must be tested to demoastrat
performance capability. Specifics of applicabk fgrocedures for the hydrogen storage
system are provided in Section 6.

« How many containers have been tested in this requent? Provide PowerTech report.
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Durability Performance Verification Test
burst —
<20%
B ittty burst
180%NWP
Ambient Temperature Pressure Cycling (30 sec)
<+—150% NWP
N ﬂ g «—125%NWP
e &)
2 150% o
® NWP |5 2
o o — »time
§ 10 cycles
aghr 5500 cycles 150%NWP
125%NWR 125%NwWP
_ J
'
5.1.2.2.4.1 5.12.2.2.2 5.1.2.2.2.4 512225
512221 512223 5.1.2.2.2.6

Figure 5.1.2.2.1 Verification Test for Performarmgrability

5.1.2.2.1.1 Hydraulic Proof Pressure Test. A systgll be pressurized to 150%NWP.

5.1.2.2.1.2 Drop (Impact) Test. The storage aonatawill be dropped at several impact
angles. All drop tests may be performed on oneagto container, or individual
impacts on a maximum of 3 containers. Following tliop impact, the storage
container(s) will be subjected to 1000 pressurdesyc The containment vessel
subjected to the 45angle drop will undergo further testing as spedifin the
remainder of 5.1.2.2.2, which includes the requit@@0 pressure cycles.

US comments: Include a schematic in the testquhaore to show the drop angles.

5.1.2.2.1.3 Surface damage and Chemical Expd®st The storage container will be
subjected to surface damage and exposed to chenypatal of worst-case on-
road exposures. After 48 hours of exposure witheak, the container will be
inspected to verify no further damage.

| 5.1.2.2.1.5612214—Extreme Fueling Usage; Ambient Temperature Pressycéng
Test. The storage container will not leak or ginsaal evidence of deterioration
when pressure cycled (repeatedly filled to 125% NaME defueled to <2MPa) at
15 — 25C ambient temperature. The number of pressuresyeill be 5500..
Chemical exposures are maintained throughout teef000 pressure cycles. The
| last 10 cycles are to 150% NWP.

e Japan proposes using extreme temperatures in @ia@araebient temperatures.
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* ISO-member recommendation (slide 6): 1SO and Sgdeigy 11500 cycles for
commercial applications.

SGS-6 Discussion: The extra durability for commadrapplications is to
accommodate heavy duty commercial applicationd) asduses, that
conventionally accumulate greater mileage do ttasgment of engines and
transmissions during the chassis life. The UNGPRlias only to light-duty
vehicles that conventionally accumulate mileag®@ased with a single
drivetrain. The provision of 5500 cycles accommniedd.7 million miles (2.7
million km) of driving @ 300 miles (480 km) per fdill. This accommodates
light-duty commercial applications such as taxat ttefuel to full fills repeatedly
throughout vehicle life because that usage is ¢ichliy lifetime vehicle mileage.
» EC expresses reservation on this issue in ligkdaf

* ISO-member recommendation (slide 7). For systemadifeged with 5500 cycles, a
| counteror markingshould be required tensure that excessive stressful (full fill)
fueling does not occur.

SGS-6 Discussion: requiring a counter to restueting is equivalent to requiring
an odometer to limit mileage to less than a milioites — an unnecessary

‘ requirement for the light-duty scope of this UNGTRVG does not support the use
of counter. Wait for EC investigation for resoburti

* 1SO-member recommendation (slide18): may not rsesebarate Leak-Before-
Break (LBB) test since the cycling tests servemilar function.

SGS-6 Discussionrecemmendation-has-nho-actionto-conddmding on the
outcome of Japan/SAE discussion.

5.1.2.2.1.5 Hydraulic Residual Pressure Teske Storage container will be pressurized to
180%NWP and held 30 seconds without burst. [Eqaiato 5.1.2.2.1.5]

5.1.2.2.1.6 Residual Burst Strength Test . Theage container will undergo a hydraulic
burst test to verify that the burst pressure i$ini20% of the baseline burst
pressure determined in 5.1.2.2.4.1. [Equivalet102.2.1.6]

5.1.2.2.2 Verification Test for Expected On-road Performance(Pneumatic sequential
tests)

A hydrogen storage system must not leak durinddh@wing sequence of tests, which are
illustrated in Figure 5.1.2.2.2. Specifics of apable test procedures for the hydrogen
storage system are provided in Section 6.

e  Germany will submit a proposal to address the samigk issue.
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SGS-6 DiscussionConformity of production is ensured by the badcdld routine test to
ensure that the design qualification test is repraative. Batch and routine tests will be
added according to SAE J2579.

DRAFT 3



SGS-7-11
SGS6-1

DRAFT

Verification Test for Expected On-road Performance
Burst ------- (pneumatic)

180%NWP
30 sec

<+--125%NWP

—— ——
500hr 500hr
+85°C +85°C
Static Static

Pressure Pressure

Pressure -

»time

— —
125cycles -40°C2 125cycles +50°C
125cycles +50°Cb«e 125cycles -40°C Leak &

Extreme Temperature Permeation
Pressure Cycling

52241 512211512212 512213 512212 512213 5.1.2.2.15
5.1.22.14 512216

a 5 cycles after equilibration @ @), <-39C fuel; 5 equilibrated cycles with +20 fuel
b 5 cycles after equilibration @+9D, <-3%C fuel
¢ Maintenance defuel raté&6cy

Figure 5.1.2.2.2 Verification Test for Expected-Road Performance (pneumatic)

5.1.2.2.2.1 Proof Pressure Test: A system wiptassurized to 150%NWP.

5.1.2.2.2.2 Fueling Performance: Extreme Tempegd®ressure Cycling Test (pneumatic).
The system will be pressure cycled (repeatedlgdito 125% NWP and defueled
to <2MPa) using hydrogen gas for 500 cycles. dhathe cycles will be
performed at extreme ambient temperatures of 50€ half at -40C. The
hydrogen gas fuel temperature will be <-35C. Ff/the cycles will be
performed after temperature equilibration at 50@) five cycles after
equilibration at -40C; an additional five cycledivee performed with >20C fuel
after ambient-temperature equilibration at -40@tyfef the cycles will be
performed using the maintenance defueling rate.

| Q.. ISO-member recommendation (slide 15): tests shioaldydraulic tests done in
parallel and supplemented by material tests toaedesting time.
* ISO will provide a detailed proposal outlines tipedfic tests that should be done
hydraulically. Provide the powertech report

SGS-6 Discussion

1) The systems will be used with high pressuredggh, not hydraulic fluids; many
failure modes occurring with high pressure hydrogemot occur with hydraulic testing —
systems that have passed the historical CNG tegtsvalent to ISO TS) have failed the
tests proposed by OICA under conditions that wivalde occurred in on-road driving.
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Test convenience (less time and facility requiregs)as not a substitute for safety
assuranceTo be verified by the powertech report.

2) real-world stresses occur in sequence, not malbe — it is not sufficient for a container
to be able to handle one type of stress (parkinfyieling) but not both. Static exposure to
high pressure hydrogen caused infusion of hydragenmaterials and interfaces —
potential causes of failure not replicated by hydimatesting or testing with another gas.
Given the lack of experience with 70MPa and hydndgevehicle applications, it is
necessary to demonstrate capability to handle adroonditions — the inconvenience of
test time is manageable -- only a few more weeks ¢urrently required for CNG testing.

5.1.2.2.2.3 Parking Performance Verification T&sttreme Temperature Static Pressure
Test (pneumatic). The system will be held at 1R&% with hydrogen gas for
1000 hours at 85C. The parking performance tdsbeiperformed with 500
hours conducted after the first half of pressumdesyin 5.1.2.2.1.1 at each
temperature, and the remaining 500 hours aftereimaining pressure cycles in
5.1.2.2.1.1.

5.1.2.2.2.4 Leak/Permeation Test. The systembailiully filled with hydrogen gas and
held at a temperature of at least 55 °C to stabdizd measure the total discharge
rate due to leakage and permeation. The maximlawatble discharge from the
compressed hydrogen storage system is 150 ml/mstdadard passenger
vehicles. [The maximum allowable discharge foteys in larger vehicles is
R*150 Ncc/min where R = (Maint1)*(V heightt0.5)*(Viengtrit 1)/30.4 and Vidin,
Vheighs Viength @re the vehicle width, height, length (m), respety.]

If the measured permeation rate is greater thads0nf@g/sec (3.6 cc/min), then a
localized leak test shall be performed to ensurepoimt of localized external
leakage is greater th@mos mg/sec (3.6 cc/min).

10.. HySafe alternative (revised since China meeting)Mml/hr/L at 15C,
8 ml/hr/L at 20C and 90 ml/hr/L at 55C.

*  OICA/SAE/HySafe will submit a proposal for new régument for
leak/permeation requirement.

1l ISO-member recommendation (slide 15): reconstiepermeation
rate.
SGS-6 Discussion: The HySafe approach and the @Jfpfoach are nearly
identical in terms of first identifying the permieat limit for minimal garage
size at 55C at end-of-life. In the OICA proposiaé permeation test
replicates these conditions for a direct assessrokpérmeation suitability.
HySafe uses a very rough estimate of change ingarom during service life
and limited data on changes in permeation with terafure to estimate a
corresponding permeation limit at beginning-of-ked lower temperatures
(15 and 20C) -- according to the HySafe leaderg@meation, this was done
to avoid too much change from the CNG approachrfore ready familiarity,
and a HySafe statement of permeation limit at 550levbe appropriate as
an option that would avoid the imprecision thatukés from the HySafe
estimates of temperature and lifetime-wear factdigSafe converts the

DRAFT 38



SGS-7-11
SGS6-1

DRAFT

system values into worst-case limits per indiviczaltainer; SAE is likewise
considering a value for individual containers

5.1.2.2.2.5 Residual Proof Pressure Test . Tdrage container will be pressurized to
180%NWP and held 30 seconds without burst.

5.1.2.2.2.6 Residual Strength Burst Test (hydraulidhe storage container will undergo a
hydraulic burst test to verify that the burst pueess_>80% BR, the baseline
initial burst pressure determined in 5.1.2.2.4.1.

5.1.2.3 Performance Test Requirements for CriteridQualified Systems

5.1.2.3.1 Expected Service and Durability Performase Test(Comment: This § is
still under investigation)

This § is still under investigation within JapaCA and SAE. Detailed information will be
provided for the next SGS meeting.

The container manufacturer shall evaluate hydrafisct on liner material by material test.
Applicable test procedures for the liner materral provided in AnneXBD.

5.1.2.3.2 Expected Service and Durability Performare Test(hydraulic)

The hydrogen storage vessel shall not burst obéximacceptable leak when subjected to
the following sequence of exposures, as illustratdeéigure 3:

- Routine Production Quality Tests (5.2.3.1)
- Drop Test (5.2.2.2.1)
- Surface Damage and Chemical Exposure (5.2.2.2.2)
- Parking Performance Verification Test (5.2.2.4.1.1
- Fueling Performance Verification Test (5.2.2.2)1.
- Proof Pressure Test at 180% NWP (5.2.2.1.4)
- Residual Strength Burst Test (5.2.2.1.5)

Expected Service and Durability Performance Test

“““““““““““““““““““““““““ Tomp ~"""""-40°C "85 °C b%mt
125% 80% 125%
NWP NWP  NWP 30 sec
{ T - 1BO%NWP
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Figure 3 — Compressed Hydrogen Storage
Expected Service and Durability Test

5.1.2.3.2.1 Parking performance verification teststatic pressure exposure at extreme
temperature

The hydrogen containers are pressurized hydraiylitall25% NWP and held for 1000 hrs at
+85 °C.

5.1.2.3.2.2 Fueling Performance Verification Test:Extreme temperature and
Extended Usage

The container shall not leak or burst after expesampressure cycles. The required number

of test cycles is defined in 5.2.2.

a. Half (50%) of the Fueling Performance Test Cydleall be conducted after Parking
Performance Verification Test as illustrated inufey3.

Pressure cycling tests of < 2 MPa to 125% NWP anglgcted at 15 — 25 °C ambient
temperature. The tests are performed on the cwrtasing a non-corrosive fluid at 15 —
25 °C.

» The first 1000 cycles are conducted on vesseladpdrop tests in 5.2.2.2.1 per the test
procedure defined in AnnekBD.

* The remaining 1750 cycles are conducted on oneelvfsst has been exposed to a
shoulder drop impact (5.2.2.2.1) and to surfaceatgand chemicals (5.2.2.2.2).
Chemical exposures are maintained throughout teespre cycling. The last 10 cycles
are performed at 150% NWP.

b. Half of the Fueling Performance Test Cyclesldbalconducted after ambient

temperature pressure cycles as illustrated in Eigur

» Half of these cycles (one-fourth of the total FnglPerformance Test Cycles) are
conducted at < 2 MPa to 80% NWP with non-corrofiviel at 11-40 °C.

» Half of these cycles (one-fourth of the total FnglPerformance Test Cycles) are
conducted at< 2 MPa to 125% NWP with non-corroflivie at >85 °C.

During pressure cycling, the containers shall shovevidence of rupture, unintended release
or physical deterioration such as fiber unraveling.

The hydrogen container shall then be pressurizdé@®%o NWP and held for 30 seconds
without rupture or evidence of leak.
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5.1.2.3.3 Permeation Test
The containeflimited to Type IV containers) shall be pressuritednore than nominal
working pressure for 1,000 cycles at a rate of ntioa@ 1 time per hour.
The container shall be held at a temperature ofasstthan 15 deg-C to stabilize and
measure the permeation rate. The permeation wpsites the steady state permeation rate for
hydrogen gas shall be less than 5,00 cm3 of hydrpge hour per liter water
capacity.(Annex TBD)
» This § is still under investigation within OICA aisiRE. Japan will justify this

permeation limit. Detailed information is expecfedthe next SGS meeting.

5.1.2.4 Verification Test for fail-safe Conditions

At least one system must be subjected to eachedbtlowing fail-safe conditions and
demonstrate the absence of rupture. Specifiossbiorocedures are provided in Section 6.

5.1.2.4.1 Engulfing Fire (Bonfire) Test. A hydem storage system will be pressurized to
NWP and exposed to an engulfing fire. If activatedhperature-activated
pressure relief device will release the containgskg in a controlled manner.

SGS-6 Discussion: the bonfire test is in the d&afR; however, ruptures of high pressure
vessels continue to occur because localized fimdisaccommodated by the bonfire test.

5.1.4 Markings

Tank label will contain the NWP, date of manufaefuand date of 15 year lifetime.
* No consensus on the OICA proposal

- Lifoti I "
* Members are requested to provide recommendatiomaddkings/labels.

]

5.2  Vehicle fuel system:This section specifies requirements for the intggf the
hydrogen fuel system.
Re-number
Three open issues:
1. Overpressure protection for the low pressure system
2. Airtightness test.
3. Shut-off valve for storage system: one per conta@m or one per system.
e Co-sponsors will discuss with project manager.

5.2.1 Requirements — in use:
5.2.2 Gas fueling port: Gas fueling port shall prevent everse flow.

5.2.1.1Hydrogen discharge system:
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5.2.1.1.1 The outlet of the vent line, if present, for hydeoggas discharge from TPRD(s) of
the storage system shall beveregbrotected, e.g. by a cap. Thswit-will be

acecomplishederified by visual inspection.

5.2.1.1.2 The hydrogen gas discharge from TPRD(s) of theagsystem shall not be
directed:

a) into or towards the vehicle passenger or luggaggpeotments

b) into or towards any vehicle wheel housing

c) towards hydrogen gas containers

d) forward from the vehicle, or horizontally from tback or sides of the vehicle

The hydrogen gas discharge frather pressure relief systemshall not be directed:

a) towards exposed electrical terminals, exposedraatswitches or other ignition
sources

b) into or towards the vehicle passenger or luggagepastments

c) into or towards any vehicle wheel housing

d) towards hydrogen gas containers

5.2.1.2 Single failure of hydrogen fuel system:

[If a single failure of the hydrogen system resuita hydrogen concentration in air greater
than 4% by volume within the passenger compartnhgggage compartment, and spaces
within the vehicle that contain unprotected igmtigources, the main hydrogen shutoff
valve(s) shall close and provide warning.

The enclosed spaces that contain the storage sytalinot contain unprotected ignition
sources. All spaces containing the hydrogen segtem shall vent to the outside of the
vehicle]

[1. Hydrogen leakage and/or permeation from the hydrogen storage system shall not be
allowed to directly vent to the passenger, luggage, or cargo compartments.

2. If a single failure downstream of the main hydrogen shutoff results in a hydrogen
concentration greater than 4%, by volume in air in the enclosed or semi-enclosed spaces of
the vehicle then the main shutoff shall be closed and a warning to the driver shall be
provided per 5.2.1.2.3.

Need definitions for “unprotected ignition source”

5.2.1.2.1 Any single failure downstream of the mamdrogen shut off valve shall not result
in a hydrogen concentration in air of 4% or morevblume within the passenger
compartment.

5.2.1.2.2 If a single failure downstream of the miaydrogen shut off valve results in a
hydrogen concentration of 4% by volume in air ia &@mclosed or semi-enclosed spaces
within the vehicle that are not suitable for flanbiggases then the main hydrogen shutoff
valve shall be closed and a warning to the dribati$e provided per 5.2.1.2.3. The vehicle
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manufacturers shall provide a list of spaces thasaitable for flammable gases which are
exempted from this requirement.

Test procedure stays in brackets; OICA will valgahd revise the test procedure.
Add a requirement for failure in upstream (i.e. sh@rage system)

e  OICA will provide new proposal to address hydrotgakage.

5.2.1.2.3 Driver warning The vehicle shall be equipped with a visual gatir (e.qg. tell-
tale) that provides a warning to the driver in évent of 5.2.1.2.2 or in the event of a
malfunction of the hydrogen leakage detection syste

[The vehicle shall be equipped with a visual tale(s) that provides a warning to the driver
of (1) the hydrogen detection system malfunctio@2yiin the event of unintended hydrogen
leakage as described in section 5.2.1.2.2. Theate[s) shall meet the following items:

(a) Shall be displayed in direct and clear viewhef driver while in the driver's
designated seating position with the driver's beétfastened;

(b) Shall appear perceptually upright to the drivaile driving;

(c) Shall be yellow or amber in color if the ddten system is malfunction and shall be
red in the event of 5.2.1.2.2;

(e) When illuminated, shall be sufficiently brigbtbe visible to the driver under both
daylight and night time driving conditions, wher tiiriver has adapted to the
ambient roadway light conditions;

(N The detection malfunction tell-tale shall thinate when a malfunction exists and
shall remain continuously illuminated as long asttalfunction exists, whenever
the ignition locking system is in the "On" ("Rurpdsition;

(g) Shall extinguish at the next ignition cycléeafthe malfunction has been corrected;]

e Use UNECE- R121 for terminologies

5.2.2.3 Fuel cell / vehicle discharge systerit vehicle exhaust system’s point of discharge,
the hydrogen concentration level si{all not exceed 4% average by volume during any
moving three-second time interval during normalrapen including start-up and shutdown
(2) and not exceed 8% at anytime

OICA will provide justification for part A

5.2.2 Requirements - post crash

5.2.2.1 Fuel leakage limit: the rate of uncontrolled hydrogen gas leakage nnedsand
calculated by 6.1 shall not exceed an average®i18NL per minute within 60 minutes

after the crash.

Use J2578 calculation for 118 NL.
Use Japan’s informal paper for justification intpar

5.3  Electric safety
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5.3.1 Purpose This section specifies the requirements for elefs high voltage system.
5.3.2 Requirements and test procedures - in-use

See OICA proposal

5.3.2.1 Performance requirements

5.3.3 Requirements and test procedures - post ctas

See OICA proposal

5.3.3.1 Performance requirements

5.3.4 Markings (renumber)

[A label shall be provided close to the receptaidegxample, inside a refilling hatch,
showing the following information: gas type (GH2Ld#2) “xx” MPa for GH2-storage
systems where “xx” = nominal working pressure & ttontainer(s).]

*  Should we leave this for contracting party to de®id
»  Members are requested to provide information ferrttarking.

6 Test conditions and procedures
Need test validation
6.1 [Demonstration of fuel system integrity crashest compliance

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 toximum 90% of the nominal working
pressure. The main stop valve and shut-off valetes,for hydrogen gas, located in the
downstream hydrogen gas piping, shall be kept apemediately prior to the impact.

The pressure and temperature of the gas shall heurezl immediately before the impact and
60 minutes after the impact either inside the gedainer 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
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located downstream of the gas container shall bgested to the pressure at 0°C using
equationl.

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

where:

Py’ : 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 ctetv&rom the helium gas pressure
upstream of the first pressure-reducing valve withe gas container or the one located
downstream of the gas container obtained from enjuat

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

The helium gas volume before the impact and 60 tegafter impact shall be calculated
from equation 3 using the gas density obtained fegomtion 2. However, the internal
volume shall be the internal volume of the gas aimietr in cases where the helium gas
pressure has been measured inside the gas contmdehe internal volume of the container
down to the first pressure-reducing valve locatedmistream of the gas container in cases
where the helium gas pressure has been measuriedampof the first pressure-reducing
valve located downstream of the gas container.

Equation 3: @=pox V X (22.4 / 4.00) * 10
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 impact)(m
V : Internal volume (L)

The rate of helium gas leakage shall be calculated.

AQ = (Q@— Qs0) x 10°
RHe =AQ / 60
where:
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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 nieeycontained in the inner vessel and
then the system shall be pressurized with a gadé@usp to typical operating pressure.

The main stop valve and shut-off valves, etc. fatrbgen, located in the downstream
hydrogen gas piping, shall be kept open immedigigbyr to the 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 ttwege above 0,1Pa I/s can be detected. In
case of N2 used as test fluid, the correspondimgctible hydrogen leakage would be about
0,5 Pal/s (that is far below 1 NL per minutg!).

[6.2 Demonstration of compliance for single failue condition

[Preparation:

The test shall be conducted without any influerfoeind.

Special attention shall be paid to the test enwvirent 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 numbercaation of the release points
downstream of the main hydrogen shutoff valve dhaltlefined by the vehicle manufacturer
taking worst case leakage scenarios into account.

Only for the purpose of the test hydrogen concéptraletectors 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 measutguoets in the passenger
compartments.

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

Procedure:
i) 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 fortése¢ duration.
i)  Aleak shall be simulated using the remotetcoltable function.
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iv) The hydrogen concentration shall be measuredirmeously until the
concentration does not rise anymore for 3 minutestil the main hydrogen
shutoff valve is closed.

V) If during the test the hydrogen concentrationrag of the measurement
locations exceeds 4% significantly, the test sbalterminated.]*

[ ]* this part of the proposal still needs to berdomed ]
[6.3 Demonstration of compliance for fuel cell veltie exhaust system
)] The fuel cell system of the test vehicle shalviarmed up. (is this the worst case

scenario? Should this be removed to include alicke’ls stages)
i) The measuring device shall be warmed up befige

iii) Place the measuring section of the measurega on the centre line of the
exhaust gas flow within 200 mm from the exhaust@atet.
iv) Perform the test procedure below while contimlg measuring the hydrogen

concentration:

With the vehicle in a stationary state, start e tell system. After a lapse of
at least one minute turn off the system and coetithe measurement until the
fuel cell system shut down procedure is completed.]

OICA- provides the response time for the measutienjce

Japan will submit its test procedure for considerat
6.4 Test Procedures for Hydrogen Storage
6.4.1 Material Qualification

6.4.1.1 Plastic liner tensile test. For containeth plastic liners, two platic liners shall be
tested at -400C in accordance with ISO 527-2. t€hsile yield strength and ultimate
elongation shall be within the manufacturer’'s sfeations.

6.4.1.2 Plastic liner softening temperature t&sir 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 temfuer shall be 200C.

6.4.1.3 Glass transition temperature test. Fotainers with composite wraps, the glass
transition temperature of resin materials shaliéermined in accordance with ASTM
D3418. Test results shall be within the manufastarspecifications.

6.4.1.4 Resin shear strength test. For contaimiéihscomposite wraps, resin materials shall
be tested on a sample coupon respresentative oldrenrap in accordance with ASTM
D2344. After boiling in water for 24 hours thermim shear strength of the composite shall
be 13.8MPa.

6.4.1.5 Coating test. For containers with extieen&ironmental coatings, coatings shall be
evaluated as follows:
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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 -20; the coating shall exhibit no aparent cracks

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

d) water exposure based on ASTM G154 using ansexpaf 1000 hours. There
shall be no evidence of blistering. The adheskail sneet a ration 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 blisterife adhesion shall meet a rating
of 3 when tested in accordance with ASTM D3359.

[6.4.1.6 Metal hydrogen compatibility. Metal cantx bodies or liners will be either
stainless steel SUS316L saluminum A6061]
» Provide justification for limiting to these 2 metal

6.4.2 Storage System Performance Test Requirer(eitg.)

6.4.2.1 Proof Pressure Test. The system shoutddssurized smoothly and continually
until the target test pressure level is reachedtlaen held for at least 30 seconds. The
component should not leak or suffer permanent dedtion. All mechanical components
should be functional after completion of the test.

6.4.2.2 Pressure Cycling Test (pneumatic). Atotheet of testing, stabilize the storage
system at the specified temperature and fuel latvigast 24 hrs in a temperature-controlled
chamber. Maintain the specified temperature withentest environment throughout the
remainder of the test. (When required in the tpstHication, the system temperature should
be stabilized at the external environmental tempesebetween pressure cycles.) Pressure
cycle between <2 MPa and the specified maximumspres Control the fill rate to a
constant-pressure 3-minute ramp rate; controleéhgerature of the dispensed hydrogen gas
to <-35C (except where otherwise specified). Controldbtueling rate to no less 2g/sec or
the intended vehicle’s maximum fuel-demand rate.

If devices and/or controls are used in the velilprevent an extreme internal temperature,
the test may be conducted with these devices andrdrols (or equivalent measures).

6.4.2.3 Extreme Temperature Static Pressure Hsissurize the storage system to 125%
NWP in temperature-controlled chamber held at’€85

6.4.2.4 Leak/Permeation Test.

A storage system shall be fully filled with hydroggas (full fill density equivalent to

100% NWP at 15 °C is 125% NWP at 85 °C) and helsbaE in a sealed container. The total
steady-state discharge rate due to leakage ancepgam from the storage system shall be
measured. Alternatively, the leakage and permeatieasurement may be performed at any
temperature above 55 °C.

A bubble test (or alternative method with suffidciascuracy) to verify local leakage should
be conducted as follows: a) The exhaust of toshvalve (and other internal connections
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to hydrogen systems) may be capped for this tegh@@test is focused at external leakage).
At the discretion of the tester, the test artickeyrbe immersed in the leak-test fluid or leak-
test fluid applied to the test article when resimgpen air. Bubbles can vary greatly in size,
depending on conditions. In general, the testeulshestimate the gas leakage based on the
size and rate of bubble formation. b) When usiagdard leak-test fluid, the bubble size is
expected to be approximately 1.5 mm in diameterthadesultant allowable rate of bubble
generation is about 2030 bubbles per minute. Huanch larger bubbles are formed, the
leak should be readily detectable. For exampkattowable bubble rate for 6 mm bubbles
is still approximately 32 bubbles per minute.

6.4.2.5 Burst Test. The burst test shall be cotatliat ambient temperature using a non-
corrosive fluid. The rate of pressurization shall li.4 MPa/s for pressures higher than
150% of the nominal working pressure. If the mteeeds 0.35 MPal/s at pressures higher
than 150% NWP, then either the container shalllaeggl in series between the pressure
source and the pressure measurement device, timihat the pressure above a target burst
pressure shall exceed 5 seconds. The burst peesstire container shall be recorded.

6.4.2.6 Drop (Impact) Test.

One or more storage containers will be drop teatednbient temperature without internal
pressurization or attached valves. All drop teséy be performed on one tank, or individual
impacts on a maximum of 3 tanks. The surface wich the tanks are dropped should be a
smooth, horizontal concrete pad or similar flooririche tank(s) should be tested in the
following sequence:

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

b) Drop once onto each end of the tank from ae@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-sgtrinal and non-cylindrical tanks
rotate the tank through 90 ° along its longitudia&ls and drop again at 45 °C with its
center of gravity 1.8 m above the ground. HoweWé¢he bottom is closer to the
ground than 0.6 m, the drop angle should be chatgyethintain a minimum height
of 0.6 m and a center of gravity of 1.8 m abovegftaind.

No attempt should be made to prevent the bounditanés, but the tanks may be prevented
from falling over during the vertical drop test debed in b) above.

| 16.4.2.7 Surface damage and Chemical Exposure Test. Thehesld proceed in the
following sequence:

a) Surface Flaw Generation: Two longitudinal ams are made on the bottom outer
surface of the horizontal storage container altwegctylindrical zone close to but not
in the shoulder area. The first cut will be askeh25 mm deep and 25 mm long
toward the valve end of the vessel. The secondvitibe at least 0.75 mm deep and
200 mm long toward the end of the tank oppositevtiee.

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
C1). After 12 hrs preconditioning at —40 °C inemrvironmental chamber, the center
of each of the five areas should sustain impaet @éndulum having a pyramid with
equilateral faces and square base, the summitdgesdeing rounded to a radius of
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3 mm. The center of impact of the pendulum shaooidcide with the center of
gravity of the pyramid. The energy of the pendultthe moment of impact with
each of the five marked areas on the containmesgelshould be 30J. The tank
should be secured in place during pendulum impgaudsnot under pressure.

c) Chemical Exposure: Each of the 5 areas pretondd by pendulum impact should
be exposed to one of five solutions: 1) 19% (byww) sulfuric acid in water
(battery acid), 2) 25% (by volume) sodium hydroxidlevater, 3) 5% (by volume)
methanol in gasoline (fluids in fueling station$),28% (by volume) ammonium
nitrate in water (urea solution), and 5) 50% (biunze) methyl alcohol in water
(windshield washer fluid).

d) Orient the test vessel with the fluid exposueaa on top. Place a pad of glass wool
approximately 0.5 mm thick and 100 mm in diameteeach of the five
preconditioned areas. Apply an amount of theftegt to the glass wool sufficient to
ensure that the pad is wetted across its surfat¢hanugh its thickness for the
duration of the test.

e) The exposure of the vessel with the glass wlolld be maintained for 48 hrs at 1.25
times NWP before the vessel is subjected to furtiébsimg.

6.4.2.8 Pressure Cycling Test (Hydraulic). Téw 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 atsghecified temperature at the start of
testing; maintain the environment in the specifetperature range for the duration
of the testing; the container temperature may vary.

c) Pressure cycle between <2 MPa and the targesyme at a rate not exceeding
10 cycles per minute for the specified number cley.

6.4.2.9 Engulfing Fire (Bonfire) Test.

The storage system should be placed horizontatly the container bottom approximately
100 mm above the fire source. A uniform fire seun€ 1.65 m in length should provide
direct flame impingement on the storage systemsadte entire diameter (width). Metallic
shielding should be used to prevent direct flamgimgement on tank valves, fittings, and/or
pressure relief devices. The metallic shieldingusth not be in direct contact with the
pressure relief devices or tank valve. Any fueyrba used for the fire source provided it
supplies uniform heat sufficient to maintain theaped test temperatures until the system is
vented. The arrangement of the fire should berdeszbin sufficient detail to ensure the rate
of heat input to the storage system is reproduciBley failure or inconsistency of the fire
source during a test would invalidate the result.

Surface temperatures on the containment vesseldsheunonitored by at least three
thermocouples located within 25 mm of the bottonthefvessel and spaced not more than
0.75 m apart. Metallic shielding should be usedrevent direct flame impingement on the
thermocouples. Alternatively thermocouples mayniserted into blocks of metal measuring
less than 25 mm on a side. Thermocouple tempesaurd vessel pressure should be
recorded at intervals of every 10 sec or less dutie test.

The system should be pressurized with hydrogenaBli¥VP and tested in the orientation
used in the vehicle. For tanks of length 1.65 rtess, the center of the tank should be
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positioned over the center of the fire source.tBoks of length greater than 1.65 m, the tank
should be positioned so that if the tank is fittgth a pressure relief device at one end, the
fire source should commence at the other end ofatfile if the tank if fitted with pressure
relief devices at more than one location alongehgth of the tank, the center of the fire
source should be centered midway between the peessief devices that are separated by
the greatest horizontal distance.

Within 5 min of ignition, the temperature of at$¢ane thermocouple should indicate at a
minimum temperature of 590 °C. This minimum tenapere should be maintained for the
remainder of the test.

The tank should vent through the thermally actiggieessure relief device. If the tank vents
through a fitting or valve other than this presswlesf device then the test should be
repeated.

The results should summarize the elapsed time igoition of the fire to the start of venting
through the pressure relief device(s), and the mam pressure and time of evacuation until
a pressure of less than 10 bar is reached.

6.4.2.10 Penetration Test. A storage containesqurized to NWP with air or nitrogen shall

be penetrated by an armor piercing bullet withaargiter of 7.62 mm (0.3 in) or greater. The
bullet shall completely pass through at least ade wall of the container.
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