DRAFT
OICA Proposal for UN-GTR HTCV

— for consideration at SGS-8

SGS8-11

The following text pertains to PART B, Section 5.1

Revisions to proposal provided to SGS-5 are markei gray

5.1 Hydrogen Storage system:

This section specifies the requirements for thegnty of the compressed hydrogen storage
system. The hydrogen storage system consist®dfigfn pressure storage container(s) and
closures of openings into the high pressure stocagtiner(s). Closures include the
temperature-activated pressure relief device(SROR check valve(s), shut-off valve(s) and all
components, fittings and fuel lines between theagt® container(s) and the closure device(s) that
isolate high pressure hydrogen from the remainfitheofuel system and the environment. A
check valve prevents reverse flow in the vehidldifie. A shut-off valve between the storage
container and the vehicle fuel system defaulttéoctosed position when unpowered.

Storage
Container

Figure 5.1.1 Generic Hydrogen Storage System

Qualification requirements for on-road service uuld:

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.
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Table 5.1.1
Overview of Performance Qualification Test Requirenents

5.1.1 Material Test Requirements

5.1.2 Storage System Performance Test Requirements

5.1.2.1 Verification Tests for Baseline Metrics (pallel hydraulic tests)
5.1.2.1.1 Baseline Initial Burst Pressure
5.1.2.1.2 Baseline Initial Pressure Cycle Life

5.1.2.2 Verification Test for Performance Durabilty (sequential hydraulic tests)
5.1.2.2.1 Proof Pressure Test
5.1.2.2.2 Drop (Impact) Test
5.1.2.2.3 Surface Damage Test
5.1.2.2.4 Chemical Exposure and Ambient Tempezauessure Cycling Test
5.1.2.2.5 High Temperature Static Pressure Test
5.1.2.2.6 Extreme Temperature Pressure Cycling
5.1.2.2.7 Residual Proof Pressure Test
5.1.2.2.8 Residual Strength Burst Test

5.1.2.3 Verification Test for Expected On-road Pdormance (sequential hydraulic
and pneumatic tests)
5.1.2.3.1 Proof Pressure Test (hydraulic)
5.1.2.3.2 Ambient and Extreme Temperature GassBre<ycling Test (pneumatic)
5.1.2.3.3 Extreme Temperature Static Gas Pressald/Permeation Test (pneumatic)
5.1.2.3.4 Residual Proof Pressure Test (hydraulic)
5.1.2.3.5 Residual Strength Burst Test (Hylici

5.1.2.4 Verification Test for Fail-Safe Performace
5.1.2.4.1 Fire Test
5.1.2.4.2 Penetration Test

5.1.1 Material Test Requirements
Materials used in storage systems (as illustratdegure 5.1.1) must comply with

requirements of 6.4.1. Manufacturers must maimlievant information relevant on
suitability of materials for the system design.

5.1.2 Storage System Performance Test Requirements
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The hydrogen storage system will be qualified opglkrformance test requirements specified in
5.1.2. The specifications for test procedures.InBare provided in Section 6.4.2.

The storage system does not have to be re-qualified subsystem components are exchanged
for components with comparable function, fittingad dimensions, and meet comparable
component performance qualification specificatioAschange in the TPRD hardware, its
position of installation and/or venting lines re@si re-qualification with 5.1.2.4.1, the fire test.

These criteria apply to qualification of new sta@aystems for original use in vehicles
5.1.2.1 Verification Tests for Baseline Metrics

5.1.2.1.1 Baseline Initial Burst Pressure Tedte Test is designed to provide a baseline metric
for assurance that vessels manufactured in thieefabrrespond to the vessels used to qualify
for on-road service. The manufacturer will deterenihe nominal (average) burst pressure of
new storage containers (tanks),oB&nd will document it with measurements and dtesis
analyses that establish the average burst presEpreduction units and establish that the burst
pressure of production units is controlled to > 9BPs and > 180% of NWP.

BP, will be verified in design qualification testing bydraulically pressurizing until burst three
(3) randomly selected new vessels from a sampé lefast ten (10) vessels (6.4.2.1 test
procedure). All vessels tested must have bursspres 380% NWP and within 10% of BP

if not, BR, is reset to the highest burst pressure measuatdstgreater than the original BP
supplied by the manufacturer. The resultang BRised to satisfy requirements of 5.1.2.2.8 and
5.1.2.3.5 for design qualification (performanceifietion) and also to satisfy requirements of
5.1.3 (Production Batch quality control).

Note: 5.1.2.1.1 is a draft proposal, not a fubypsidered and consensed recommendation from
OICA. 5.1.2.1.1 is subject to revision; it ransaunder discussion and re-consideration.

5.1.2.1.2 Baseline Pressure Cycle Life (LeakoBefBreak) Test. The test is designed to
provide assurance that vessels manufactured iriutiee correspond to the vessels used to
qualify for on-road service. The manufacturer widiitermine the nominal (average) hydraulic
pressure cycle life of new containment vessels, P&hd will document it with measurements

and statistical analyses used for that determinafdtiernatively, the manufacturer may simply

specify PClg to be 2 times the number of cycles required farZ2.

PCL, will be verified by randomly selecting three (3ssels from a sample of at least ten (10)
vessels and hydraulically pressure cycling themXr000 cycles (2 times the minimum number
of cycles required for all production units) or ilidak occurs (6.4.2.2 test procedure). If no
leak occurs within 11,000 cycles, then R@&_equated t011,000. If all 3 vessels do not lzave
pressure cycle life within 25% of PGLPCLy is set to the highest cycle life measured that is
greater than the original Pgkupplied by the manufacturer. (6.4.2.2 test ptooe) PChis

used to satisfy requirements of 5.2.3.2 (ProdudBatch quality control).
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Note: 5.1.2.1.2 is a draft proposal, not a fulbypsidered and consensed recommendation from
OICA. 5.1.2.1.2 is subject to revision; it ransaunder discussion and re-consideration.

5.1.2.2 Verification Test for Performance Durality (Hydraulic sequential tests)

All production hydrogen storage systems must hagecapability to perform as specified during
the following sequence of tests, which are illusitian Figure 5.1.2.2 . At least one system must
be tested to demonstrate the performance capability

5.1.2.2.1

5.1.2.2.2

5.1.2.2.3

5.1.2.2.4
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Figure 5.1.2.2 Verification Test for Performancer&bility

Proof Pressure Test. A storage cosrtawil be pressurized to 150%NWP. (6.4.2.3
test procedure)

Drop (Impact) Test. The storage coetds) will be dropped at several impact angles
(6.4.2.4 test procedure)

Surface Damage Test. The storageioentaill be subjected to specified surface
damage (6.4.2.5 test procedure)

Chemical Exposure and Ambient-Tempesdnessure Cycling Tests. The storage
container will be exposed to chemicals typical ofst-case on-road exposures.
After 48 hours of exposure, the container will urgde3500 pressure cycles to 125%
NWP at ambient temperature (15C-25C) with the1@stycles done to 150% NWP.
Chemical exposure will be maintained throughout1th8% NWP pressure cycles.
(6.4.2.6 and 6.4.2.2 test procedures); chemiqabsuxre will be discontinued after

the 3500 cycles.
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5.1.2.2.5 High-Temperature Static Pressure TEsé storage system will be subjected to 125%
NWP and +88C for 1000 hr. (6.4.2.7 test procedure)

5.1.2.2.6 Extreme-Temperature Pressure Cyclirsg TEhe storage container will undergo
1000 pressure cycles to 125% NWP diBand 1000 pressure cycles to 80% NWP at
-40°C. (6.4.2.2 test procedure)

5.1.2.2.7 Residual Proof Pressure Test. Thagtocontainer will under a proof pressure test to
180% NWP. (6.4.2.3 test procedure)

5.1.2.2.8 Residual Burst Strength Test . Theagtcontainer will undergo a hydraulic burst
test to verify that the burst pressure is withif@26f the baseline burst pressure
determined in 5.1.2.2.1. (6.4.2.1 test procedure)

5.1.2.3 Verification Test for Expected On-road Pdormance (Pneumatic and hydraulic
sequential tests)

All production hydrogen storage systems must hagecapability to perform as specified during
the following sequence of tests, which are illusitian Figure 5.1.2.3 . At least one system must
be tested to demonstrate the performance capability

Expected-Service Performance Verification Test
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a Fuel/defuel cycles @-80 with initial system equilibration @ -80, 5 cycles with +2%C fuel; 5 cycles with <-3% fuel
b Fuel/defuel cycles @+30 with initial system equilibration @+80, 5 cycles with <-3% fuel
¢ Fuel/defuel cycles @15-%5 with service (maintenance) defuel rate, 50 cycles

Figure 5.1.2.3 Verification Test for Expected Oaald Performance
(pneumatic and hydraulic sequential tests)
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5.1.2.4
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Proof Pressure Test: A system wilptessurized to 150%NWP. (6.4.2.2 test
procedure)

Fueling Performance Verification TeSktreme and Ambient Temperature Gas
Pressure Cycling Test (pneumatic). The systembailbressure cycled (repeatedly
filled and defueled to <2MPa) using hydrogen gafiD cycles. Half of the cycles
will be performed before exposure to static presgbirl.2.3.3) and half of the cycles
will be conducted after the initial exposure statiessure (5.1.2.3.3). In each case,
10% of cycles will be at 50C and 95% relative hutgidnd cycled to 125%NWP,
10% at -40C and cycled to 80%NWP, and the remaiadeambient temperature
(15C-25C) and cycled to 125%NWP. The hydrogenfgaistemperature will be <-
35C. Five of the cycles will be performed afteangerature equilibration at 50C and
95% relative humidity, and five cycles after eduidition at -40C; an additional five
cycles will be performed with >20C fuel after amiiiéemperature equilibration at -
40C. Fifty of the cycles will be performed usiig tmaintenance defueling rate.
(6.4.2.8 test procedure)

Parking Performance Verification Testtr&me Temperature Gas Permeation/Leak
Test (pneumatic). The system will be held at 353 115%NWP with hydrogen
gas until steady-state permeation or 30 hours, lvelvier is longer. The test will be
performed after 250 pressure cycles are conduntédli2.3.2 and again at the
completion of 5.1.2.3.2. The maximum allowablgsctiarge from the compressed
hydrogen storage system is 150 ml/min for stan@assenger vehicles. (6.4.2.9 test
procedure) [The maximum allowable discharge ystems in larger vehicles is
R*150 Ncc/min where R = (Math+1)*(V heightt0.5)* (Viengtit1)/30.4 and Vigth,

Vheighs Viength @re the vehicle width, height, length (m), respety.]

If the measured permeation rate is greater tha@50mig/sec (3.6 cc/min), then a
localized leak test shall be performed to ensurpaiot of localized external leakage
is greater than 0.005 mg/sec (3.6 cc/min). (614.2est procedure)

Residual Proof Pressure Test. Thagtocontainer will be pressurized to 180%NWP
and held 30 seconds without burst. (6.4.2.3 pextedure)

Residual Strength Burst Test (hydrawliche storage container will undergo a

hydraulic burst test to verify that the burst ptesds >80% BR, the baseline initial
burst pressure determined in 5.1.2.1.1. (6.4.2tlpcedure)

Verification Test for Fail-Safe Conditions

At least one system must be subjected to the fallgvail-safe conditions and demonstrate the
absence of rupture.
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5.1.2.4.1 Fire Test. A hydrogen storage systelinbeipressurized to NWP and exposed to fire.
A temperature-activated pressure relief device rglkase the contained gases in a
controlled manner. (Test procedure TBD)

5.1.4 Markings

Tank label will contain the NWP, date of manufaefiand date of expected 25 year lifetime.
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Revisions are marked in gray

6.4 Test Procedures for Hydrogen Storage
6.4.1 Material Qualification

6.4.1.1 Plastic liner tensile test. For contaiveth plastic liners, two plastic 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 specifications.

6.4.1.2 Plastic liner softening temperature t&sir containers with plastic liners, the softening
temperature of polymeric materials from finishetehs shall be determined based on the A50
method in ISO 306. The softening temperature sea#100C.

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

6.4.1.4 Resin shear strength test. For contaimithscomposite wraps, resin materials shall be
tested on a sample coupon representative of thevanag in accordance with ASTM D2344.
After boiling in water for 24 hours the minimum sinetrength of the composite shall be
13.8MPa.

6.4.1.5 Coating test. For containers with exteen&ironmental coatings, coatings shall be
evaluated as follows:

a) adhesion strength based on ISO 4624; thengpsitiall exhibit an adhesion rating of
4,

b) flexibility based on ASTM D522 Method B withl2.7 mm mandrel at the specified
thickness at -XC; the coating shall exhibit no apparent cracks

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

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

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

In all applications where steel comes in contacthwhydrogen, hydrogen

compatibility should be demonstrated. Steels mhe¢t requirements of 6.3 and 7.2.2
of ISO 9809-1:1999 are recognized as hydrogen cobipafor low stress

applications.

The following steels are recognized as suitable Hgh pressure hydrogen gas
applications: SUS316L, AISI316L, AlSI316 and DIM435; all must have $2%
nickel composition and €.1% magnetic phases by volume. These steelcapipins
may not include welds.

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

TBD Test procedures are expected to be develop2d10 by industry
standards organizations and presented for inclusiér.1.6

b) Aluminum

Aluminum alloys that meet the requirements of 68.2-of ISO 7866:1999 are
recognized as hydrogen compatible for low strepéicgiions.

The following aluminum alloys are recognized agahle for use in contact with
hydrogen in the hydrogen storage system, as deiimEgjure 2, or in any other
high-stress applications in contact with hydrog&®061-T6, A6061-T62, A6061-
T651 and A6061-T6511. These aluminum applicatimay not include welds.

Other aluminum alloys must be qualified for higlegsure hydrogen gas applications
by meeting the following performance-base test irequents:

TBD Test procedures are expected to be develop2d10 by industry standards
organizations and presented for inclusion in 6&4.1.

6.4.2 Storage System Performance Test Requiremdmocedures for 5.1.2 Tests)

6.4.2.1 Burst Test (Hydraulic). The burst tdstlsbe conducted at ambient temperature using
a non-corrosive fluid. The rate of pressurizatibalsbe <1.4 MPa/s for pressures higher
than 150% of the nominal working pressure. Ifridte exceeds 0.35 MPa/s at pressures
higher than 150% NWP, then either the containelt begplaced in series between the
pressure source and the pressure measurement,d@avilce time at the pressure above a
target burst pressure shall exceed 5 secondsbursepressure of the container shall be
recorded.

6.4.2.2 Pressure Cycling Test (Hydraulic). Tre ghall be performed in accordance with the
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following procedure:

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

b) Stabilize the temperature of the container atsihecified temperature and relative
humidity at the start of testing; maintain the eamment and container skin
temperature at the specified temperature and velatimidity for the duration of the
testing. The container interior temperature may wi@m the environmental
temperature during testing.

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

d) Maintain and monitor the temperature of therhwtic fluid within the containerl at
the specified temperature.

6.4.2.3 Proof Pressure Test (Hydraulic). Theesysthould be pressurized smoothly and
continually until the target test pressure levekizched and then held for at least
30 seconds. The component should not leak orrsodienanent deformation. Al
mechanical components should be functional afterptetion of the test.

6.4.2.4 Drop (Impact) Test (Unpressured). Omnmore storage containers will be drop tested
at ambient temperature without internal pressuonabr attached valves. All drop tests
may be performed on one tank, or individual impact& maximum of 3 tanks. The
surface onto which the tanks are dropped shoultl$mooth, horizontal concrete pad or
similar flooring. The tank(s) should be testedha following sequence:

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

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

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

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

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

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

‘ >488] ‘ >0.6m’
<1.8m

D RA FT* center of gravity 10
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6.4.2.5 Surface Damage Test (Unpressured). @steshould proceed in the following
sequence:

a) Surface Flaw Generation: Two longitudinal sams are made on the bottom outer
surface of the unpressurized horizontal storagéaaoer along the cylindrical zone
close to but not in the shoulder area. The fiustvall be at least 1.25 mm deep and
25 mm long toward the valve end of the vessel. Sdwnd cut will be at least
0.75 mm deep and 200 mm long toward the end dfattie opposite the valve.

b) Pendulum Impacts: The upper section of thé&bhotal storage container should be
divided into five distinct (not overlapping) areE80 mm in diameter each (see
Figure). After 12 hrs preconditioning at —40 °Gaimenvironmental chamber, the
center of each of the five areas should sustaimangf a pendulum having a pyramid
with equilateral faces and square base, the suamdiedges being rounded to a
radius of 3 mm. The center of impact of the peadushould coincide with the
center of gravity of the pyramid. The energy @& gendulum at the moment of
impact with each of the five marked areas on th@aioment vessel should be 30J.
The tank should be secured in place during pendutypacts and not under pressure.

A

“Side” View of Tank

6.4.2.6 Chemical Exposure Test. Each of thee&saof the unpressured vessel preconditioned
by pendulum impact (6.4.2.5b) should be exposemh&of five solutions: 1) 19% (by
volume) sulfuric acid in water (battery acid), P2 (by volume) sodium hydroxide in
water, 3) 5% (by volume) methanol in gasoline (fkiin fueling stations), 4) 28% (by
volume) ammonium nitrate in water (urea soluti@md 5) 50% (by volume) methyl
alcohol in water (windshield washer fluid).

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

The exposure of the vessel with the glass wool Ishioel maintained for 48 hrs with the
vessel held at 1.25% NWP (applied hydraulicallyy ambient temperature (15C — 25C)
before the vessel is subjected to further testinen chemical exposure is discontinued,
the glass wool should be removed and the exposedshiould be rinsed with water.
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6.4.2.7 Static Pressure Test (Hydraulic). Pmasithe storage system to the target pressure in
temperature-controlled chamber held at the tasgaperature 5C.

6.4.2.8 Gas Pressure Cycling Test (Pneumatid)thédonset of testing, stabilize the storage
system at the specified temperature, relative hitynaohd fuel level at least 24 hrs, if
necessary in a temperature-controlled chamber ntsliai the specified temperature and
relative humidity within the test environment thghwut the remainder of the test.
(When required in the test specification, the systemperature should be stabilized at
the external environmental temperature betweerspresycles.) Pressure cycle
between <2 MPa and the specified maximum pressboatrol the fill rate to a constant
3-minute pressure ramp rate; control the tempegaifithe hydrogen fuel dispensed to
the vessel to the specified temperature. Corttetiefueling rate to no less 2g/sec or the
intended vehicle’s maximum fuel-demand rate. Canthe specified number of
pressure cycles. If devices and/or controls aeel irs the intended vehicle application to
prevent an extreme internal temperature, the tagthe conducted with these devices
and/or controls (or equivalent measures).

6.4.2.9 Gas Permeation Test (Pneumatic). A géosgstem shall be fully filled with hydrogen
gas (full fill density equivalent to 100% NWP at 4G is 113% NWP at 55 °C) and held
at 55C in a sealed container. The total steady-stathdige rate due to leakage and
permeation from the storage system shall be megsure

6.4.2.10 Localized Gas Leak Test (Pneumatic). ubbte test (or alternative method with

sufficient accuracy) may be used to fulfill thisjoerement. The following guidance is

provided for conducting the bubble test:

a. The exhaust of the shutoff valve (and otherrivatleconnections to hydrogen systems)
may be capped for this test (as the test is focuatdexternal leakage).
At the discretion of the tester, the test artickyrbe immersed in the leak-test fluid or
leak-test fluid applied to the test article whestirgg in open air. Bubbles can vary
greatly in size, depending on conditions. In gelhé¢na tester should estimate the gas
leakage based on the size and rate of bubble fmmat

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

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

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

leakage is already below the localized leak requinet.

6.4.2.11 Proof Leak Test (Pneumatic). A bubbst (or alternative method with sufficient
accuracy) to verify local leakage should be coneldiets follows: a) The exhaust of the
shutoff valve (and other internal connections tdrogen systems) may be capped for
this test (as the test is focused at external gaka
At the discretion of the tester, the test artickeyrbe immersed in the leak-test fluid or
leak-test fluid applied to the test article whestirgg in open air. Bubbles can vary
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greatly in size, depending on conditions. In gelhdna tester should estimate the gas
leakage based on the size and rate of bubble famab) When using standard leak-test
fluid, the bubble size is expected to be approxatyat.5 mm in diameter and the
resultant allowable rate of bubble generation 2030 bubbles per minute. Even if
much larger bubbles are formed, the leak shoulctheily detectable. For example, the
allowable bubble rate for 6 mm bubbles is still @pmately 32 bubbles per minute.

6.4.2.9 Fire Test (pneumatic)tBD
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