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Status on September 28t 2021

Reached agreement, editorial

Vehicle Class .
revision of scope needed

Categories 1 and 2

Installation requirement

. Reached agreement No need v
of container
Hydrogen Leakage :
o Reached agreement After Crash, 118NL/min/1hr v
Criteria(in-use)
Permeation Criteria Reached agreement (LDV, HDV) 55°C, After 30hrs Less 46mL/h/L v
s requ[F:STents sl Revision of EC proposal Proposal: Acceleration pulses based on TRL study Open
TPRD Direction Revision of OICA Proposal Proposal: 20 degrees upward, 45 degrees downward Open
Service life Revision of OICA Proposal Proposal: No change needed Open
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Status on September 28t 2021

Crash requirements / Sled

Test Revision of EC proposal Proposal: Acceleration pulses based on TRL study Open
TPRD Direction Revision of OICA Proposal Proposal: 20 degrees upward, 45 degrees downward Open
Service life Revision of OICA Proposal Proposal: No change needed Open
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1. Summary of proposals for TPRD directions

With the vehicle on a level surface, the hydrogen gas
discharge from TPRD(s) of the storage system shall be
directed

= upwards within 20° of vertical relative to the level
surface or

= downwards within 45° of vertical relative to the level
surface.

Additionally, the hydrogen gas discharge from TPRD(s)
of the storage system shall not be directed:

(i) Into enclosed or semi enclosed spaces;
(ii) Into or towards any vehicle wheel housing;
(iii) Towards hydrogen gas containers;

(iv) Forward from the vehicle, or horizontally (parallel to
road) from the back or sides of the vehicle.

(v) Towards the vehicle’s REESS

1. TPRD Direction — OICA proposal

;

no need to limit a release upward by 20° as the
inherently safer design of TPRD release for the
particular vehicle could be achieved for larger angles,
e.g. to exclude the formation of the flammable layer in
confined space like underground parking and tunnels
For upward release from the bus or truck in a tunnel or
maintenance shop the clearance between the TPRD
0.5mm and the ceiling should be sufficient to allow
decay of the jet below 4% and 300°C, same as for the
car in underground car parking

Release from the TPRD towards the car exits should be
avoided to minimise injury during evacuation

Jet opening angle of 20° should be accounted

Release for each vehicle type should be engineered to
allow entrance in tunnel and underground car parking
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Considering the safety of traffic participants, there are
two plans :

Plan A: The gas discharge is higher than H1, and upwards

within al of vertical surface ;

Plan B: The gas discharge is lower than H2, and the

downwards within a2 of vertical surface.
not design-restrictive.

. towards the possible static-electric points for FCVs.
. the two angles' reason, and any test to verify?

for LDV, towards at an upper angle, or for HDV, towards
at a lower angle is dangerous to other road users.

1. TPRD Direction — China proposal
al

Considering the safety of traffic participants, there are two plans:
Plan A: The gas discharge is higher than H1, and upwards withinal of vertical surface;

Plan 8: The gas discharge is lower than H2, and the downwards within a2 of vertical surface.
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1. Summary of proposals for TPRD directions

CATARC will provide more details at the
next TF1 meeting in order to continue
the discussions on the three proposals

CATARC

= Considering the safety of traffic participants, there are
two plans :
Plan A: The gas discharge is higher than H1, and upwards
within al of vertical surface ;
Plan B: The gas discharge is lower than H2, and the
downwards within a2 of vertical surface.
1. not design-restrictive.
2. towards the possible static-electric points for FCVs.
3. the two angles' reason, and any test to verify?
for LDV, towards at an upper angle, or for HDV, towards
at a lower angle is dangerous to other road users.

1. TPRD Direction — China proposal

o 0
H1 m7 0 ———
H2 .qz I-]é'L: - -
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Sled test & Post-crash safety

4.2.

6.1.1.

Each contracting party under the UN 1998 Agreement shall maintain its existing
national crash tests (frontal, side, rear and rollover) and use the limit values of section
paragraph 5.2.2. for compliance. In absence of any such test or as an alternative to
existing tests, the acceleration tests of paragraph 6.1.1. may be applied instead, to
the discretion of each contracting party.

Post-crash compressed hydrogen storage system leak test

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

In case that a crash test as specified above is not applicable, or as an alternative
thereto, the vehicle fuel system may, instead, be subject to the relevant alternative
accelerations specified below to the discretion of each contracting party. [The
hydrogen storage system shall in such case be installed in a position satisfying the
requirements in paragraph XXX]. The accelerations shall be measured at the location
where the hydrogen storage system is installed. The vehicle fuel system shall be
mounted and fixed on the representative part of the vehicle. The mass used shall be
representative for a fully equipped and filled container or container assembly.
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Acceleration pulses

Accelerations for vehicles of categories 1-1, 1-2 and 2 with a gross vehicle mass (GVM) of 3,500 kilograms or
less

(a) [20 or 26] g in the direction of travel (forward and rearward direction);
(b) [8 or 12] g horizontally perpendicular to the direction of travel (to left and right).

Accelerations for vehicles of categories 1-1 and 1-2 with a gross vehicle mass (GVM) of at least 3,501 kilograms

up to 5,000 kilograms and category 2 with a gross vehicle mass (GVM) of at least 3,501 kilograms up to 12,000
kilograms

(a) 10 g in the direction of travel (forward and rearward direction);
(b) [5 or 8] g horizontally perpendicular to the direction of travel (to left and right).

Accelerations for vehicles of categories Category 1-1 and 1-2 with a gross vehicle mass (GVM) of at least 5,001
kilograms and category 2 with a gross vehicle mass (GVM) of at least 12,001 kilograms

(a) [6.6 or 8] g in the direction of travel (forward and rearward direction);

(b) [5 or 8] g horizontally perpendicular to the direction of travel (to left and right).
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2. Sled test — OICA (revised EU proposal

 Pulses originally from UN regulation no. 134 to be
amended according to a study conducted by TRL

EU proposal

e decision at GRSP level

* EU to provide a rationale for this test

6.1
611

6. Test conditions and procedures
Compliance tests for fuel system integrity
Post-crash compressed hydrogen storage system leak test

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

In case that a crash test as specified above is not applicable, or as an alternative.
thereto, the vehicle fuel system may, instead, be subject to the relevant
alternative accelerations specified below to the discretion of each contracting
party. [The hydrogen shall ina position
satisfying the requirements in paragraph XXX]. The accelerations shall be
‘measured at the location where the hydrogen storage system is installed. The
vehicle fuel system shall be mounted and fixed on the representative part of
the vehicle. The mass used shall be representative for a fully equipped and
filled container or container assembly.

Accelerations for vehicles of categories 1-1, 1-2 and 2 with a gross vehicle
mass (GVM) of 3,500 kilograms or less

(@ [20 0r 26] g in the direction of travel (forward and rearward direction);
b)  [8or 12] ¢ horizontally perpendicular to the direction of travel (to left
and right).

Accelerations for vehicles of categories 1-1 and 12 with a gross vehicle mass
(GVM) of at least 3,501 kilograms up to 5,000 kilograms and category 2 with
a gross vehicle mass (GVM) of at least 3,501 kilograms up to 12,000 kilograms
@ 10 g in the direction of travel (forward and rearward direction);

(b)  [5 or 8] g horizontally perpendicular to the direction of travel (to left
and right).

Accelerations for vehicles of categories Category 1-1 and 1-2 with a gross
vehicle mass (GVM) of at least 5,001 kilograms and category 2 with a gross
vehicle mass (GVM) of at least 12,001 kilograms

(@ [6.60r8] gin the direction of travel (forward and rearward direction);
(b) [ or §] g horizontally perpendicular to the direction of travel (to left
and right).

Prior to conducting the crash test, instrumentation is installed in the hydrogen
storage system to perform the required pressure and temperature measurements
the standard vehicle does not already have instrumentation with the required
aceuracy,

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

Puursa = NWP x (273 + To) / 288

OICA proposal (revised EU proposal)

* Amended to reflect the status of UN regulation

no. 134

6.1
611

6111

Test conditions and procedures

Compliance tests for fuel system integrity
Post-crash compressed hydrogen storage system leak test

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

Prior to conducting the crash test, instrumentation is installed in the hydrogen

ifthe standard vehicle does not already have instrumentation with the required
accuracy.

The storage system is then purged, if necessary, following manufacturer
directions 10 remove impurities from the container before filling the storage
system with compressed hydrogen or helium gas. Since the storage system
pressure varies with temperature, the targeted fill pressure is a function of the
temperature. The target pressure shall be determined from the following
equation:

Pug= NWP x (273 + T,) /288

where NWP s the nominal working pressure (MPa), T, is the ambient
temperature to which the storage system is expected to settle, and Pugis the
targeted fill pressure after the temperature setls.

“The containeris filled to a minimum of 95 per cent of the targeted fill pressure
and allowed to settle (stabilize) prior to conducting the crash test.

The main stop valve and shut-off valves for hydrogen gas, located in the
ing, are in normal immediately

prior to the impact.
Post-crash leak test - compressed hydrogen storage system filled with
compressed hydrogen

‘The hydrogen gas pressure, Py (MPa), and temperature, To (°C), is measured
immediately before the impact and then at a time interval, At (min), after the
impact. The time interval, At, starts when the vehicle comes to rest after the
impact and continues for at least 60 minutes. The time interval, At is increased
if necessary in order to accommodate measurement accuracy for a storage
system with a large volume operating up to 70MPa; in that case, At can be
calculated from the following equation:

A= Venss x NWP /1000 x ((-0.027 x NWP +4) x R, —

21)-17 xR

where R, = Ps / NWP, P is the pressure range of the pressure sensor (MPa),
NWP s the Nominal Working Pressure (MPa), Vs is the volume of the
compressed hydrogen storage system (L), and At i the time interval (min). If
the calculated value of Atis less than 60 minutes, At is set to 60 minutes.

‘The initial mass of hydrogen in the storage system can be calculated as follows:
P =Pox 288/ (273 +To)
p07=~0.0027 x (Py'f+ 075 x By +0.5789
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		6.		Test conditions and procedures

6.1.		Compliance tests for fuel system integrity

6.1.1.		Post-crash compressed hydrogen storage system leak test

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





















Prior to conducting the crash test, instrumentation is installed in the hydrogen storage system to perform the required pressure and temperature measurements if the standard vehicle does not already have instrumentation with the required accuracy.

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

Ptarget = NWP x (273 + To) / 288

where NWP is the nominal working pressure (MPa), To is the ambient temperature to which the storage system is expected to settle, and Ptarget is the targeted fill pressure after the temperature settles.

The container is filled to a minimum of 95 per cent of the targeted fill pressure and allowed to settle (stabilize) prior to conducting the crash test.

The main stop valve and shut-off valves for hydrogen gas, located in the downstream hydrogen gas piping, are in normal driving condition immediately prior to the impact.

6.1.1.1.	Post-crash leak test - compressed hydrogen storage system filled with compressed hydrogen

The hydrogen gas pressure, P0 (MPa), and temperature, T0 (°C), is measured immediately before the impact and then at a time interval, Δt (min), after the impact. The time interval, Δt, starts when the vehicle comes to rest after the impact and continues for at least 60 minutes. The time interval, Δt, is increased if necessary in order to accommodate measurement accuracy for a storage system with a large volume operating up to 70MPa; in that case, Δt can be calculated from the following equation:

Δt = VCHSS x NWP /1000 x ((-0.027 x NWP +4) x Rs – 0.21) -1.7 x Rs 

where Rs = Ps / NWP, Ps is the pressure range of the pressure sensor (MPa), NWP is the Nominal Working Pressure (MPa), VCHSS is the volume of the compressed hydrogen storage system (L), and Δt is the time interval (min). If the calculated value of Δt is less than 60 minutes, Δt is set to 60 minutes.

The initial mass of hydrogen in the storage system can be calculated as follows:

Po’ = Po x 288 / (273 + T0)

ρo’ = –0.0027 x (P0’)2 + 0.75 x P0’ + 0.5789

Mo = ρo’ x VCHSS

Correspondingly, the final mass of hydrogen in the storage system, Mf, at the end of the time interval, Δt, can be calculated as follows:

Pf’ = Pf x 288 / (273 + Tf)

ρf’ = –0.0027 x (Pf’)2 + 0.75 x Pf’ + 0.5789

Mf = ρf’ x VCHSS

where Pf is the measured final pressure (MPa) at the end of the time interval, and Tf is the measured final temperature (°C).

The average hydrogen flow rate over the time interval (that shall be less than the criteria in para. 5.2.2.1.) is therefore

VH2 = (Mf-Mo) / Δt x 22.41 / 2.016 x (Ptarget /Po)

where VH2 is the average volumetric flow rate (NL/min) over the time interval and the term (Ptarget /Po) is used to compensate for differences between the measured initial pressure, Po, and the targeted fill pressure Ptarget.

6.1.1.2.	Post-crash leak test - Compressed hydrogen storage system filled with compressed helium

The helium gas pressure, P0 (MPa), and temperature T0 (°C), are measured immediately before the impact and then at a predetermined time interval after the impact. The time interval, Δt, starts when the vehicle comes to rest after the impact and continues for at least 60 minutes.

The time interval, Δt, shall be increased if necessary in order to accommodate measurement accuracy for a storage system with a large volume operating up to 70MPa; in that case, Δt can be calculated from the following equation:

Δt = VCHSS x NWP /1000 x ((-0.028 x NWP +5.5) x Rs – 0.3) – 2.6 x Rs 

where Rs = Ps / NWP, Ps is the pressure range of the pressure sensor (MPa), NWP is the Nominal Working Pressure (MPa), VCHSS is the volume of the compressed storage system (L), and Δt is the time interval (min). If the value of Δt is less than 60 minutes, Δt is set to 60 minutes.

The initial mass of hydrogen in the storage system is calculated as follows:

Po’ = Po x 288 / (273 + T0)

ρo’ = –0.0043 x (P0’)2 + 1.53 x P0’ + 1.49

Mo = ρo’ x VCHSS

The final mass of hydrogen in the storage system at the end of the time interval, Δt, is calculated as follows:

Pf’ = Pf x 288 / (273 + Tf)

ρf’ = –0.0043 x (Pf’)2 + 1.53 x Pf’ + 1.49

Mf = ρf’ x VCHSS

where Pf is the measured final pressure (MPa) at the end of the time interval, and Tf is the measured final temperature (°C).

The average helium flow rate over the time interval is therefore

VHe = (Mf-Mo) / Δt x 22.41 / 4.003 x (Ptarget / Po)



where VHe is the average volumetric flow rate (NL/min) over the time interval and the term Ptarget / Po is used to compensate for differences between the measured initial pressure (Po) and the targeted fill pressure (Ptarget).

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

VH2 = VHe / 0.75

where VH2 is the corresponding average volumetric flow of hydrogen (that 	shall be less than the criteria in para. 5.2.2.1. to pass).

6.1.2.		Post-crash concentration test for enclosed spaces

The measurements are recorded in the crash test that evaluates potential hydrogen (or helium) leakage (para. 6.1.1. test procedure).

Sensors are selected to measure either the build-up of the hydrogen or helium gas or the reduction in oxygen (due to displacement of air by leaking hydrogen/helium).

Sensors are calibrated to traceable references to ensure an accuracy of ±5 per cent at the targeted criteria of 4 per cent hydrogen or 3 per cent helium by volume in air, and a full scale measurement capability of at least 25 per cent above the target criteria. The sensor shall be capable of a 90 per cent response to a full scale change in concentration within 10 seconds.

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

(a)	At a distance within 250 mm of the headliner above the driver’s seat or near the top centre the passenger compartment;

(b)	At a distance within 250 mm of the floor in front of the rear (or rear most) seat in the passenger compartment;

(c)	At a distance within 100 mm of the top of luggage compartments within the vehicle that are not directly affected by the particular crash impact to be conducted.

The sensors are securely mounted on the vehicle structure or seats and protected for the planned crash test from debris, air bag exhaust gas and projectiles. The measurements following the crash are recorded by instruments located within the vehicle or by remote transmission.

The vehicle may be located either outdoors in an area protected from the wind and possible solar effects or indoors in a space that is large enough or ventilated to prevent the build-up of hydrogen to more than 10 per cent of the targeted criteria in the passenger and luggage compartments.

Post-crash data collection in enclosed spaces commences when the vehicle comes to a rest. Data from the sensors are collected at least every 5 seconds and continue for a period of 60 minutes after the test. A first-order lag (time constant) up to a maximum of 5 seconds may be applied to the measurements to provide "smoothing" and filter the effects of spurious data points.

The filtered readings from each sensor shall be below the targeted criteria of 3±1.0 per cent for hydrogen  or 2.25 ± 0.75 per cent for helium at all times throughout the 60 minutes post-crash test period.

6.x.x.	In case that a crash test as specified above is not applicable, or as an alternative thereto, the compressed hydrogen storage system may, instead, be subject to the relevant alternative accelerations specified below to the discretion of each contracting party. The compressed hydrogen storage system shall comply with the requirements in paragraph 5.2.2.3. The accelerations shall be measured at the location where the compressed hydrogen storage system is installed. The compressed hydrogen storage system shall be mounted and fixed on the representative part of the vehicle. The mass used shall be representative for a fully equipped and filled container or container assembly.

Accelerations for vehicles of categories 1-1, 1-2 and 2 with a gross vehicle mass (GVM) of 3,500 kilograms or less

(a)	[20 or 26] g in the direction of travel (forward and rearward direction);

(b)	[8 or 12] g horizontally perpendicular to the direction of travel (to left and right).

Accelerations for vehicles of categories 1-1 and 1-2 with a gross vehicle mass (GVM) of at least 3,501 kilograms up to 5,000 kilograms and category 2 with a gross vehicle mass (GVM) of at least 3,501 kilograms up to 12,000 kilograms 

(a)	10 g in the direction of travel (forward and rearward direction);

(b)	[5 or 8] g horizontally perpendicular to the direction of travel (to left and right).

Accelerations for vehicles of categories Category 1-1 and 1-2 with a gross vehicle mass (GVM) of at least 5,001 kilograms and category 2 with a gross vehicle mass (GVM) of at least 12,001 kilograms

(a)	[6.6 or 8] g in the direction of travel (forward and rearward direction);

(b)	[5 or 8] g horizontally perpendicular to the direction of travel (to left and right).

A calculation method may be used instead of practical testing if its equivalence can be demonstrated by the applicant for approval to the  satisfaction of the Technical Service.”

6.1.3.		Compliance test for single failure conditions

Either test procedure of para. 6.1.3.1. or para. 6.1.3.2. shall be executed:

6.1.3.1.	Test procedure for vehicle equipped with hydrogen gas leakage detectors 

6.1.3.1.1.	Test condition

6.1.3.1.1.1	Test vehicle: The propulsion system of the test vehicle is started, warmed up to its normal operating temperature, and left operating for the test duration. If the vehicle is not a fuel cell vehicle, it is warmed up and kept idling. If the test vehicle has a system to stop idling automatically, measures are taken so as to prevent the engine from stopping.

6.1.3.1.1.2.	Test gas: Two mixtures of air and hydrogen gas: 3 ± 1 per cent concentration of hydrogen in the air to verify function of the warning, and  >4 per cent concentration of hydrogen in the air to verify function of the shut-down. The proper concentrations are selected based on the recommendation (or the detector specification) by the manufacturer.

6.1.3.1.2.	Test method

6.1.3.1.2.1.	Preparation for the test: The test is conducted without any influence of wind.

(a)	A test gas induction hose is attached to the hydrogen gas leakage detector;

(b)	The hydrogen leak detector is enclosed with a cover to make gas stay around hydrogen leak detector.

6.1.3.1.2.2.	Execution of the test	

(a)	Test gas is blown to the hydrogen gas leakage detector;

(b)	Proper function of the warning system is confirmed when tested with the gas to verify function of the warning;

(c)	The main shut-off valve is confirmed to be closed when tested with the gas to verify function of the shut-down. For example, the monitoring of the electric power to the shut-off valve or of the sound of the shut-off valve activation may be used to confirm the operation of the main shut-off valve of the hydrogen supply.

6.1.3.2.	Test procedure for integrity of enclosed spaces and detection systems.

6.1.3.2.1.	Preparation:

6.1.3.2.1.1.	The test is conducted without any influence of wind.

6.1.3.2.1.2.	Special attention is paid to the test environment as during the test flammable mixtures of hydrogen and air may occur.

6.1.3.2.1.3.	Prior to the test the vehicle is prepared to simulate remotely controllable hydrogen releases from the hydrogen system. Hydrogen releases may be demonstrated by using an external fuel supply without modification of the test vehicle fuel lines. The number, location and flow capacity of the release points downstream of the main hydrogen shutoff valve are defined by the vehicle manufacturer taking worst case leakage scenarios under a single failure condition into account. As a minimum, the total flow of all remotely controlled releases shall be adequate to trigger demonstration of the automatic "warning" and hydrogen shut-off functions.

6.1.3.2.1.4.	For the purpose of the test, a hydrogen concentration detector is installed where hydrogen gas may accumulate most in the passenger compartment (e.g. near the headliner) when testing for compliance with para. 5.2.1.4.2. and hydrogen concentration detectors are installed in enclosed or semi enclosed volumes on the vehicle where hydrogen can accumulate from the simulated hydrogen releases when testing for compliance with para. 5.2.1.4.3. (see 
para. 6.1.3.2.1.3.). 

6.1.3.2.2.	Procedure:

6.1.3.2.2.1.	Vehicle doors, windows and other covers are closed.

6.1.3.2.2.2.	The propulsion system is started, allowed to warm up to its normal operating temperature and left operating at idle for the test duration.

6.1.3.2.2.3.	A leak is simulated using the remote controllable function.

6.1.3.2.2.4.	The hydrogen concentration is measured continuously until the concentration does not rise for 3 minutes. When testing for compliance with para. 5.2.1.4.3., the simulated leak is then increased using the remote controllable function until the main hydrogen shutoff valve is closed and the tell-tale warning signal is activated. The monitoring of the electric power to the shut-off valve or of the sound of the shut-off valve activation may be used to confirm the operation of the main shut-off valve of the hydrogen supply.

6.1.3.2.2.5.	When testing for compliance with para. 5.2.1.4.2., the test is successfully completed if the hydrogen concentration in the passenger compartment does not exceed 1.0 per cent. When testing for compliance with para. 5.2.1.4.3., the test is successfully completed if the tell-tale warning and shut-off function are executed at (or below) the levels specified in para. 5.2.1.4.3.; otherwise, the test is failed and the system is not qualified for vehicle service.

6.1.4.		Compliance test for the vehicle exhaust system

6.1.4.1.	The power system of the test vehicle (e.g. fuel cell stack or engine) is warmed up to its normal operating temperature.

6.1.4.2.	The measuring device is warmed up before use to its normal operating temperature.

6.1.4.3.	The measuring section of the measuring device is placed on the centre line of the exhaust gas flow within 100 mm from the exhaust point of discharge external to the vehicle.

6.1.4.4.	The exhaust hydrogen concentration is continuously measured during the following steps:

(a)	The power system is shut down;

(b)	Upon completion of the shut-down process, the power system is immediately started;

(c)	After a lapse of one minute, the power system is turned off and measurement continues until the power system shut-down procedure is completed.

6.1.4.5.	The measurement device shall have a measurement response time of less than 300 milliseconds.

6.1.5.		Compliance test for fuel line leakage

6.1.5.1.	The power system of the test vehicle (e.g. fuel cell stack or engine) is warmed up and operating at its normal operating temperature with the operating pressure applied to fuel lines.

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

6.1.5.3.	Hydrogen leak detection is performed primarily at joints

6.1.5.4.	When a gas leak detector is used, detection is performed by operating the leak detector for at least 10 seconds at locations as close to fuel lines as possible.

6.1.5.5.	When a leak detecting liquid is used, hydrogen gas leak detection is performed immediately after applying the liquid. In addition, visual checks are performed a few minutes after the application of liquid in order to check for bubbles caused by trace leaks.

6.1.6.		Installation verification

The system is visually inspected for compliance.

6.2.		Test procedures for compressed hydrogen storage

6.2.1.	Test procedures for qualification requirements of compressed hydrogen storage are organized as follows:

	Section 6.2.2 is the test procedures for baseline performance metrics (requirement of para. 5.1.1.)

	Paragraph 6.2.3 is the test procedures for performance durability (requirement of para. 5.1.2.)

	Paragraph 6.2.4 is the test procedures for expected on-road performance (requirement of para. 5.1.3.)

	Paragraph 6.2.5 is the test procedures for service terminating performance in Fire (requirement of para. 5.1.4.)

	Paragraph 6.2.6 is the test procedures for performance durability of primary closures (requirement of para. 5.1.5.)

	Unless otherwise specified data sampling for pressure cycling shall be at least 1 Hz.

	Unless otherwise specified, the tolerances above the maximum and/or below the minimum test parameters may be recommended by the manufacturer.

6.2.2.		Test procedures for baseline performance metrics (requirement of para. 5.1.1.)

6.2.2.1.	Burst test (hydraulic) 

The burst test is conducted at 20° (±15)°C using a hydraulic fluid. The rate of pressurization is less than or equal to 1.4 MPa/s for pressures higher than 150 per cent of the nominal working pressure. If the rate exceeds 0.35 MPa/s at pressures higher than 150 per cent NWP, then either the container is placed in series between the pressure source and the pressure measurement device, or the time at the pressure above a target burst pressure exceeds 5 seconds. The burst pressure of the container shall be recorded.

6.2.2.2.	Pressure cycling test (hydraulic) 

The test is performed in accordance with the following procedure:

(a)	The container is filled with a hydraulic fluid;

(b)	The container and fluid are stabilized at the specified temperature and relative humidity at the start of testing; the environment, fuelling fluid and container skin are maintained at the specified temperature for the duration of the testing. The container temperature may vary from the environmental temperature during testing;

(c)	The container is pressure cycled between 2 MPa and the target pressure at a rate not exceeding 10 cycles per minute for the specified number of cycles;

(d)	The temperature of the hydraulic fluid within the container is maintained and monitored at the specified temperature.

(e)	The container manufacturer may specify a hydraulic pressure cycle profile that will prevent premature failure of the container due to test conditions outside of the container design envelope.6.2.3.		Test procedures for performance durability (requirement of para. 5.1.2.)

[bookmark: stylerid1_2E7_2E5_2E4_2E4_2E2_2E2]
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[bookmark: _Toc29799417][bookmark: _Toc58220810]			6.		Test conditions and procedures

6.1.		Compliance tests for fuel system integrity

6.1.1.		Post-crash compressed hydrogen storage system leak test

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

In case that a crash test as specified above is not applicable, or as an alternative thereto, the vehicle fuel system may, instead, be subject to the relevant alternative accelerations specified below to the discretion of each contracting party. [The hydrogen storage system shall in such case be installed in a position satisfying the requirements in paragraph XXX]. The accelerations shall be measured at the location where the hydrogen storage system is installed. The vehicle fuel system shall be mounted and fixed on the representative part of the vehicle. The mass used shall be representative for a fully equipped and filled container or container assembly.

Accelerations for vehicles of categories 1-1, 1-2 and 2 with a gross vehicle mass (GVM) of 3,500 kilograms or less

(a)       [20 or 26] g in the direction of travel (forward and rearward direction);

(b)        [8 or 12] g horizontally perpendicular to the direction of travel (to left and right).

Accelerations for vehicles of categories 1-1 and 1-2 with a gross vehicle mass (GVM) of at least 3,501 kilograms up to 5,000 kilograms and category 2 with a gross vehicle mass (GVM) of at least 3,501 kilograms up to 12,000 kilograms 

(a)           10 g in the direction of travel (forward and rearward direction);

(b)        [5 or 8] g horizontally perpendicular to the direction of travel (to left and right).

Accelerations for vehicles of categories Category 1-1 and 1-2 with a gross vehicle mass (GVM) of at least 5,001 kilograms and category 2 with a gross vehicle mass (GVM) of at least 12,001 kilograms

(a)           [6.6 or 8] g in the direction of travel (forward and rearward direction);

(b)        [5 or 8] g horizontally perpendicular to the direction of travel (to left and right).

Prior to conducting the crash test, instrumentation is installed in the hydrogen storage system to perform the required pressure and temperature measurements if the standard vehicle does not already have instrumentation with the required accuracy.

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

Ptarget = NWP x (273 + To) / 288

where NWP is the nominal working pressure (MPa), To is the ambient temperature to which the storage system is expected to settle, and Ptarget is the targeted fill pressure after the temperature settles.

The container is filled to a minimum of 95 per cent of the targeted fill pressure and allowed to settle (stabilize) prior to conducting the crash test.

The main stop valve and shut-off valves for hydrogen gas, located in the downstream hydrogen gas piping, are in normal driving condition immediately prior to the impact.
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3. Impact test - Korea

2. Proposal

| * Implementation of component impact test from
® To ensure robust HFC fuel crash safety and the effectiveness of the test for the HDV, need to
introduce the impact tests(MDB impact test) introduced in R 134 instead of the full scale crash test p ro posa I fo r su p p | eme nt 1 to series Of amen d me nts
® The proposal : Sled test(OICA & EC proposal) + Impact test (R 134) O 1 Of U N _ R 134

- The objective of sled test is to evaluate fuel system risks according to the container movements

due to inertial load during the crash situations. L4 KO rea proposes to add it aS either

- The objective of MDB impact test is to evaluate fuel system risks same as fuel leakage and

fractures of fuel systems due to impact load during the crash situations. 1- an a |te rn ative teSt tO the Sled tESt, Or
==t é‘;\ L e 2. a separate impact test.

e

. <Sled Test> <MDB Impact Test>

—— * Chair proposes to table the discussion on this
proposal until phase 3 of GTR 13

3. Draft post-crash provisions in GTR 13

® To insert new paragraph in order to apply the test procedures about the impact test.

- MDB (Movable Deformable Barrier) impact test

The compressed hydrogen storage system must be filled with hydrogen or helium. The test pressure shall
be agreed by the manufacturer together with the Technical Service. Tests shall be conducted on the
compressed hydrogen storage system in the position intended for the installation in the vehicle including
attachments, brackets and protective structures if applicable. The protective structure shall be defined by
the manufacturer. The compressed hydrogen storage system may be fixed to a representative part of the
frame, to the rigid wall or on a complete vehicle in order to be applied on the compressed hydrogen
storage system equivalent to impact loads through the lateral impact tests.

The MDB shall comply with the requirements of UN Regulation No. 95, Annex 5. The MDB speed at the
moment of impact shall be 50 £ 1 km/h. However, if the test was performed at a higher impact speed
and the compressed hydrogen storage system met the requirements, the test shall be considered
satisfactory. The impact direction shall be in an angle of 90° to the longitudinal axis of the container and
the height of the container shall be adjusted in a way that the middle of the front plate of the barrier
matches the middle of the container in the horizontal and vertical.

e Traneporetion Sefely Ao oty
s AoriabiE KSINg 5 BTN 1mrue
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4. Service life — JAMA (revised)
| Region | Souwce | Maxsvelife | Maxifetime miles wraveled | _Lifetime N of press. cycles

[l HD Cummemlal
tapan MLIT
LD Commercial
CONCLUSIONS

Japanese data shows:

Current 11,000 cycles can be applied for 25 yrs.

HDV (400 km/fill)

9,800 cycles for 25 yrs

LDV (320 km/fill)

7,400 cycles for 25 yrs

20 yrs
25 yrs

20 yrs
25 yrs

3,400,000 km ggg
3,900,000 km (400 km/fill)
2,100,000 km ?‘ig
2,400,000 km (320 km/fill
ISSUES

« OICA’'s UNR proposal:
= 15,000 for 20 yrs
« Filling interval (more than 320km/LDV for HDV?)
- Other considerations (stress rupture, duty cycles
for components (e.g., TPRD))

TF#1 | IWG GTR 13 P2 | September 282021
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4. Service life — JAMA (rationale

Extension of the service life of the container to 25 years
- Determination of the number of the pressure test cycles
JAMA
The maximum lifetime miles traveled within the category of LDV/T and HDV/T were estimated to
determine the number of the pressure test cycles. The study is based on the vehicles in Japan.

1. Japanese (JAMA) study
(1) Summary

The estimated maximum lifetime miles traveled and lifetime number of pressure cycles are
shown in Table 1. It is considered that the 1,1000 cycles in the pressure cycle test of current
GTR13 can be applied to both heavy duty and light duty vehicles for 25 years.

The analyzed data were Japanese legal inspection records in July 2017.  The number of record
was about 6,000 for LDV/T and 21,000 for HDV/T.

The maximum lifetime miles traveled was calculated by summing the estimated maximum VMT
(Vehicle Mileage Traveled) in each vehicle age. Number of pressure cycles were calculated by
applying a fill per traveled mileage of 320 km for light duty and 400 km for heavy duty.

Table 1. Results of Japanese study

Max lifetime miles Lifetime N of fills
Vehicle Type
traveled (=pressure test cycles)
X 20 yrs 3,500,000 km 8,500
HD Commercial X
25yrs 4,000,000 km 9,800  (fill / 400km)
. 20 yrs 2,100,000 km 6,600
LD Commercial §
25 yrs 2,400,000 km 7,400 (fill/320km)

(2) Points of the study
@ Analyzed data
The major items of the inspection records are shown in Table 2. They were obtained in the

legal inspection in July 2017 from about 400 thousands on-road vehicles.

Special note is;

® HDV/T are defined as below:
Number of seats>10 (according to Japanese categorization)
Loading capacity>1250kg (assuming the vehicle weight more than 3,500kg)

TF#1 | IWG GTR 13 P2 | September 2812021 11



Extension of the service life of the container to 25 years

– Determination of the number of the pressure test cycles

JAMA

The maximum lifetime miles traveled within the category of LDV/T and HDV/T were estimated to determine the number of the pressure test cycles.  The study is based on the vehicles in Japan.



1. Japanese (JAMA) study

(1) Summary
  The estimated maximum lifetime miles traveled and lifetime number of pressure cycles are shown in Table 1.  It is considered that the 1,1000 cycles in the pressure cycle test of current GTR13 can be applied to both heavy duty and light duty vehicles for 25 years.
  The analyzed data were Japanese legal inspection records in July 2017.  The number of record was about 6,000 for LDV/T and 21,000 for HDV/T.
  The maximum lifetime miles traveled was calculated by summing the estimated maximum VMT (Vehicle Mileage Traveled) in each vehicle age.  Number of pressure cycles were calculated by applying a fill per traveled mileage of 320 km for light duty and 400 km for heavy duty.  
  
Table 1. Results of Japanese study

		Vehicle Type

		Max svc. life

		Max lifetime miles traveled

		Lifetime N of fills (=pressure test cycles)



		HD Commercial

		20 yrs

25 yrs

		3,500,000 km

4,000,000 km

			8,500 

	9,800   (fill / 400km)



		LD Commercial

		20 yrs

25 yrs

		2,100,000 km

2,400,000 km

			6,600 

	7,400  (fill/320km)







(2) Points of the study

1 Analyzed data	
  The major items of the inspection records are shown in Table 2.  They were obtained in the legal inspection in July 2017 from about 400 thousands on-road vehicles. 
Special note is;

· HDV/T are defined as below:
  Number of seats>10 (according to Japanese categorization)
  Loading capacity>1250kg (assuming the vehicle weight more than 3,500kg)




Table 2. Major items in Japanese inspection records

[image: ]





















2 Estimation of maximum lifetime miles and pressure test cycles

The annual VMT (km/year) in each vehicle was calculated by the difference between the records at this inspection and last inspection as below.

VMTyear (km/yr) = {𝑂𝑑𝑜𝑚𝑒𝑡𝑒𝑟 𝑑𝑖𝑠𝑝𝑙𝑎𝑦 (Tℎ𝑖𝑠 𝑖𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛−L𝑎𝑠𝑡 𝑖𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛)} / (I𝑛𝑠𝑝𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑖𝑜𝑑)



The maximum vehicle miles traveled (maxVMTyear) in each vehicle age was calculated by adding 3 times standard deviation of VMTyear to the average.

maxVMTyear = aveVMTyear + 3sigmaVMTyear

Maximum lifetime miles traveled (VMTlife) was calculated by summing maxVMTyear for the years. 

VMTlife (km) = ∑max𝑉𝑀𝑇𝑦𝑒𝑎𝑟 

  The results are shown in Figure 1 (LDV) and 2 (HDV).	As shown in these figures It is appropriate to use 3 times standard deviation since 6 times standard deviation shows　significantly higher mileage.  Furthermore as shown in Table 1 HDV/T lifetime mileage for 25 years using 3 times standard deviation is considered to be higher than actual mileage in the market.  Using 6 times standard deviation gives extremely higher mileage.

3 Analysis of the commercial vehicle data

The commercial vehicle data were used to estimate the maximum lifetime mileage traveled since the commercial vehicles travel more mileage than the personal vehicles as shown in Figure 3 and 4.

4 Estimation of filling interval

The number of lifetime fillings were calculated by dividing VMTlife by the filling interval.  In the case of GTR13 the filling interval of 320km was applied to LDV/T.  In this study, the same value was applied to LDV/T and 400km was applied to HDV/T.  It is reasonable to consider that HDV/Ts have longer filling interval than LDV/T since their longer mileage traveled.  It is difficult to get data based filling interval of HFCV HDV/Ts but 400km can be considered to be sufficiently conservative value.

Figure 1. VMTyear of LDV/T

VMTyear of Light Duty commercial vehicles

VMTyear












VMTyear

Figure 2. VMTyear of HDV/T

VMTyear of Hight Duty commercial vehicles






Figure 4. Lifetime VMT (HDV/T commercial)

Figure 3. Lifetime VMT (LDV/T commercial)



(3) Data filtration

1 Subzero values of odometer records 
  Odometer records have limitation because of the number of digits of the meters.  Most of them were 6 digits (max. 999,999 km) and some were 5 digits.  As shown in Figure 5 the raw odometer records have limitation of 1 million km. 
  As can be seen in Figure 6 there are hundreds of subzero records.  The data of sub-zero VMTyear was assumed that the accumulated mileage was more than maximum value of the odometer.   Add 1,000,000km to these subzero records in the case of 6 digits odometer and 100,000km for the 5 digits odometers.  The results are shown in Figure 7.

2 Remove outliers
  The extremely high VMTyear shown in Figure 7 were removed as outliers.  In this study threshold of maximum effective VMTyear was defined to the maximum value of the sum of averaged VMTyear and 6 times standard deviation within the first 5 years of the vehicle ages.  It is shown that the VMTyear of early vehicle ages are higher than the older ones.  The result of removal of outliers is shown in Figure 8.  The threshold valued calculated for LDV/T, HDV/T and all vehicles are shown Table 3.

Table 3. Thresholds of maximum effective VMTyear

		

		Averaged VMT + 6 x Standard deviation



		Vehicle age (years)

		1

		2

		3

		4

		5



		LDV/T

		230,792

		267,266

		223,323

		222,726

		195,429



		HDV/T

		380,786

		385,961

		473,590

		374,449

		341,294



		All vehicles

		351,617

		331,483

		297,636

		251,214

		231,438






 Under Japanese traffic conditions it is reasonable to consider to be very rare or none such vehicle that would travel 1000km in everyday through the year (VMTyear=356k km/yr).  Although the threshold of HDV/T in Table 3 is much higher than this value the threshold in the table was used.  It is because the effects of the change of the threshold in such extent are negligible since the number of influenced outliers are few. 



Figure 6. Annual VMT (km/year) – Raw data

Figure 5. Odometer display (all vehicles)



Figure 7. Annual VMT (km/year) – Adjusted the sub-zero data 



Figure 8. Annual VMT (km/year) – Adjusted the outliers 
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mmary of discussion in TF1

CP positions To Do in #10IWG Results of
No ltems Status / Issues Document Note
U | JPN | KkoR CHN CAN usA | Dpeu|GBR|FRA|Who To Do #10WG
01. Jan ] Vehicle class TF1to propose the draft wordings. GTR 13_ 6_21 Agreed | Agreed | Agreed Agreed Agreed Agreed TFO |Report to IWG
1. How it should be regulated in GTR13. -Current proposal "GTR13-7-18" by OICA:
2. EU proposal to be disscussed in TF1. 1. Requirements are CP option
3. The nature of the test. 2. Component test
(1) Component test?* Part Il or|Part Il or| Part Il or TBD 3. No leakage requirement.
Part Il or CP . No need or
Elech = (2) Leakage requirements?* GTR13-7-18 cp cp cp option Review EU CP option TFT [Report to IWG 4. Allow calculation
01. Mrz option | option | option proposal
(3) Alternative calculation method?
*Recent revision of UNR134 at #69 GRSP includes '-US questioned necessity of acceleration
above (1) and (2) tests when there is no field incident
(https://unece.org/sites/default/files/2021-05/GRSP-69- indicating issues with fixation; an impact
22r2e.pdf). testwould make more sense.
Proposal to include component impact test from UN Proposal by chair to postpone this until GTR
Impact test .
regulation 134 13 phase 3
------- Installation N N
o o
01. Apr | requirementsof ~ |Concluded: No need GTR13-7-22 need | neea |N© need | No need No need No need N/A N/A None
L container
GTR13-7-11 OICA revised proposal on GTR13-7-11:
01. Jun | TPRD direction To be disscussed in TF1 GTR13-9-08 TF1 |Report to IWG 1. Keep "Shall not discharge forward™.
2. Shall not discharge toward {emergency]
exits for Category 1-2.
Germany, Japan and the US VMT data have
been analyzed by OICA to extend the life
Extension of tank |To be disscussed in TF1. TF1reported the draft idea Proposal or from 15 years to 25 years.
o1 Jul . . ’ GTR13-9-08 N I > ’ .
useful life by OICA in #9IWG. —_— report to IWG US prvided the report on the reliablity of
CNG tanks exceeding 15yrs old GTR13-10-
02).
01. Aug] Permeation criteria |Included in the TFO draft as proposed. GTR13-6-20| Agreed | Agreed | Agreed Agreed Agreed Agreed N/A N/A Apply current requirements to HDV/T also.
------- Hydrogen leakage
01. Sep ),It X g(v ) 9 Included in the TFO draft as proposed. Agreed | Agreed | Agreed Agreed Agreed Agreed N/A N/A No change
criteria (in-use
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Tabelle1

		No		Items		Status / Issues		Document		CP positions																		To Do in #10IWG				Results of #10IWG		Note

										EU		JPN		KOR		CHN		CAN		USA		DEU		GBR		FRA		Who		To Do

		1-Jan		Vehicle class		TF1 to propose the draft wordings.		GTR13-6-21		Agreed		Agreed		Agreed		Agreed		Agreed		Agreed								TF0		Report to IWG

		1-Mar		Sled test 		1.  How it should be regulated in GTR13.		GTR13-7-18		Part II or CP option		Part II or CP option		Part II or CP option		Part II or CP option		TBD
Review EU proposal		No need or CP option								TF1		Report to IWG				-Current proposal "GTR13-7-18" by OICA:

						2. EU proposal to be disscussed in TF1.																												  1. Requirements are CP option

						3. The nature of the test.																												  2. Component test

						 (1) Component test?*																												  3. No leakage requirement.

						 (2) Leakage requirements?*																												  4. Allow calculation

						 (3) Alternative calculation method?

						*Recent revision of UNR134 at #69 GRSP  includes above (1) and (2) (https://unece.org/sites/default/files/2021-05/GRSP-69-22r2e.pdf).   																												'-US questioned necessity of acceleration tests when there is no field incident indicating issues with fixation; an impact testwould make more sense.

				Impact test		Proposal to include component impact test from UN regulation 134																												Proposal by chair to postpone this until GTR 13 phase 3

		1-Apr		Installation requirements of container		Concluded: No need		GTR13-7-22		No need		No need		No need		No need		No need		No need								N/A		N/A				None

		1-Jun		TPRD direction		To be disscussed in TF1		GTR13-7-11																				TF1		Report to IWG				OICA revised proposal on GTR13-7-11:

								GTR13-9-08																										1. Keep "Shall not discharge forward".

																																		2. Shall not discharge toward {emergency] exits for Category 1-2.

		1-Jul		Extension of tank useful life		To be disscussed in TF1.  TF1 reported  the draft idea by OICA  in #9IWG.		GTR13-9-08																				TF1		Proposal or report to IWG				Germany, Japan and the US VMT data have been analyzed by OICA to extend the life from 15 years to 25 years.

																																		US prvided the report on the reliablity of CNG tanks exceeding 15yrs old  GTR13-10-02).

		1-Aug		Permeation criteria		Included in the TF0 draft as proposed.		GTR13-6-20		Agreed		Agreed		Agreed		Agreed		Agreed		Agreed								N/A		N/A				Apply current requirements to HDV/T also.

		1-Sep		Hydrogen leakage criteria (in-use)		Included in the TF0 draft as proposed.				Agreed		Agreed		Agreed		Agreed		Agreed		Agreed								N/A		N/A				No change



https://wiki.unece.org/download/attachments/81888831/GTR13-6-21%20Scope%20draft%20by%20OICA.pdf?api=v2https://wiki.unece.org/download/attachments/87622122/GTR13-7-18%20OICA%20input%20for%20sled%20testing%20191105.pdf?api=v2https://wiki.unece.org/download/attachments/87622122/GTR13-7-22%20%20Meeting%20minutes%207th%20IWG%20GTR13%20Phase%202.pdf?api=v2https://wiki.unece.org/display/trans/HFCV-GTR13-Phase+2+sessionhttps://wiki.unece.org/display/trans/HFCV-GTR13-Phase+2+sessionhttps://wiki.unece.org/download/attachments/123666576/GTR13-9-08%20TF1.pdf?api=v2https://wiki.unece.org/download/attachments/81888831/GTR13-6-20%20Permeation%20test%20requirement%20rationale%20by%20SAE.pdf?api=v2
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TPRD Direction — OICA proposal
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Release from bus/truck in tunnel ==

= For upward release from the bus or track in a tunnel or maintenance
shop the clearance between the TPRD ©@J0.5mm and the ceiling
should be sufficient to allow decay of the jet below 4% and 300°C,
same as for the car in underground car parking

= Jet attachment is not considered and should be accounted

R iinmmmmimmining,

TPRD release angle for 0.5 m clearance: t i

85° for 4% L&, /‘yﬁ - Decay distance L:
80° for 300°C L—-f//"'{‘ ___________ 4.2 mto 4%
3.2 m to 300°C

4 m

4.5m min height
restriction [4]

TPRD 0.5 mm

O—0

[4] B. Maidl, M. Thewes, U. Maidl, and D. Sturge, Handbook of tunnel engineering. 2: Basics and additional services for design and construction, 1. Engl. ed. Berlin: Ernst/Wiley, 2014
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TPRD — China proposal —

_|a1
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Considering the safety of traffic participants, there are two plans:
Plan A: The gas discharge is higher than H1, and upwards within a1 of vertical surface;

Plan B: The gas discharge is lower than H2, and the downwards within a2 of vertical surface.
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