Final GTR-EVS text proposal from TF3EVS-11-14e


I. Statement of technical rationale and justification
[bookmark: _GoBack]
01. 	Definitions of terms related to REESS requirements and its applicability:
The following terms are used for setting the pass-fail criteria of REESS requirements;
	- “Electrolyte leakage” (3.38)
	- “Venting“(3.41)
	- “Rupture” (3.31.)
	- “Fire” (3.18.)
	- “Explosion” (3.15.)
Venting is defined as an event which occurs at cell level, and is not directly used as the pass/fail criterion as described below.  Cell venting may result in the release of vent gas from out of the REESS, thereby potentially allowing occupant exposure to the gas.  Visual observation of venting products, without disassembling any part of the vehicle, is used to assess whether occupant exposure to the gas is likely or not.
02. 	Applicability of these criteria is considered based on the vehicle status intended for each test scenario; e.g. under normal condition, at an accident or exposer to fire other unusual circumstances, etc.  For the tests simulating normal condition (simulated by in-use test conditions), all of five criteria shall be met, while the tests simulating an accident or unusual circumstances, only the severer events such as Fire or Explosion are applied as the criteria.

Rational for gas management (venting) in section 5.1.X and annex on hydrogen measurement 
03. Unusual conditions and / or abusive use (overcharge, short circuit, the presence of an external heat source etc.) can cause sudden increases in temperature of the cell. The pressure generated e.g. by the vaporization and decomposition of the electrolyte can then lead to mechanical failures within the cell which could cause the rupture of the outer casing. In case of a sudden pressure increase, the venting mechanism operates in order to prevent uncontrolled bursting of the cell, which could be detrimental to the preservation of the mechanical integrity of the battery, and therefore detrimental to the occupant. Accordingly, the venting mechanism is one of the important safety feature widely implemented for automotive batteries. 
04.  	Venting, as defined in 3.41, is the typical cause of gaseous emissions from REESS using battery technologies and the phenomena are different between open type batteries and all other types of batteries.  In general, the vehicle occupants should not be exposed to any hazardous environment caused by gases emitted from REESS, but the hazard level and amount of such gases are different depending on the type of batteries and electrolytes.
05.	Open-type traction battery means a type of battery requiring filling with liquid and generating hydrogen gas that is released into the atmosphere. UN ECE R100 contains a quantitative requirement for hydrogen emissions from open-type traction batteries and there are sufficient experiences among respective authorities and manufacturers.  Therefore it is recommended to adopt the same test procedure for this GTR as well. 	Comment by Sam: JRC: to be coherent with the proposed definition

06. 	For batteries other than open type batteries, using water solvent electrolyte, such as NiMH battery or so-called “maintenance-free” lead-acid battery, may have a pressure adjust valve which controls the internal pressure and will re-seal after the excess pressure is released. The vented gases from such batteries contain hydrogen, but the amount of the emitted gases is generally limited to small volume because of durability and reliability reasons. Therefore, no hydrogen emission test is proposed for such batteries.	Comment by Sam: Agreed during the TF3 meeting
07.	Batteries other than open type batteries using non-aqueous electrolyte such as lithium-ion battery, according to the current state of the art, have certain venting mechanisms to preclude rupture or explosion. In general, the venting phenomena of lithium-ion battery cells are separated in two cases; (a) associated with combustion and/or decomposition of electrolyte (“severe venting”), and (b) only caused by vaporisation of the electrolyte (“minor venting”). In case of minor venting, the amount of the gases and its toxicity is considered as not significant to pose additional risk to the occupants and the cells with such minor venting will not cause hazardous behaviours. In case of severe venting, the gases emitted from the cells may increase the risk of vehicle occupants if they are exposed to such gases. 	Comment by Sam: Need rewording
08. 	Extensive research has shown that gases generated in and vented from  Li-ion batteries typically include carbon dioxide (CO2), carbon monoxide (CO), hydrogen (H2), oxygen (O2), light C1-C5 hydrocarbons, e.g. methane and ethane, and fluorine-containing compounds such as hydrogen fluoride (HF) and fluoro-organics such as e.g. ethyl fluoride[footnoteRef:1][footnoteRef:2][footnoteRef:3][footnoteRef:4][footnoteRef:5] . Hazards associated with toxicity, corrosiveness and flammability of gases emitted from batteries are recognized in various standards and regulations such as ISO 6469, SAE J2464, SAE J2929, UL2580 and UN38.3. For 18650 cells, in average ca. 1.2 l of gas can be vented for each Ah of cell capacity[footnoteRef:6]. [1:  S. Koike, M. Shikano, H. Sakaebe, H. Kobayashi, "Study of generative gas species from lithium-ion battery component under abuse conditions", Abstract # 1009, Honolulu 2012, The Electrochemical Society Meeting.]  [2:  M. Onuki, S. Kinoshita, Y. Sakata, M. Yanagidate, Y. Otake, M. Ue, M. Deguchi, J. Electrochem. Soc., 2008, 155, A794.]  [3:  C. Mikolajczak, M.Kahn, K. White, R.T. Long, "Lithium-Ion batteries hazard and use assessment", Springer, 2011 and references therein.]  [4:  W.Kong, H.Li, X.Huang, L.Chen, J.Power Sources, 2005, 142, 285.]  [5:  A. Hammami, N. Raymond, M. Armand, Nature, 2003, 424, 635-636.]  [6:  E.P. Roth, C.J. Orendorff, "How electrolytes influence battery safety", Interface, Summer 2012, p.45.] 

09. 	To avoid human harm that may occur due to potential toxic gas, for REESS other than open-type, venting is adopted as a pass/fail criterion for the following in-use tests: vibration, thermal shock and cycling, external short circuit protection, overcharge and over-discharge protection, over-temperature protection. This regulation includes a no-fire requirement which addresses the issue of vented gas flammability.

Rational for verification technique of venting in section 5.3
10. 	The informal group examined the feasibility to establish a robust and repeatable method to verify the potential exposure of vehicle occupant to the gases caused by severe venting in the in-use test. Several ideas from JRC, Japan and OICA were discussed but no suitable method was found at this stage for assessing the influence of venting gases to vehicle occupants, other than visual technique where severe venting will cause certain traces such as soot, electrolyte residues that can be identified even in post-test inspections. Accordingly, an additional criterion to assess the occurrence of venting that can be visually observed without disassembling the tested-device is required for the tests simulating the in-use operations, i.e. vibration, thermal shock and cycling, external short circuit protection, overcharge and over-discharge protection, over-temperature protection. 	Comment by Sam: Has to be considered according to the change in point 7


Preamble for future work on quantification of venting for tests addressing safety of REESS post-crash
11. 	At the moment venting is not adopted as a requirement for tests addressing safety of REESS post-crash. Accordingly, venting is allowed to occur unrestricted. Assessment of potential safety risks of this requires more research to evaluate whether limits for emissions are required, for which species and which technique can be used to measure these. It was not possible to research and analyse this in Phase 1. Therefore, it will be considered in Phase 2 of this Regulation.

Rationale for leakage detection technique in section 5.3 and section 5.4.2.1 (in-use test)
12. 	The user is supposed to continue to use the vehicle after the in-use event (vibration, thermal shock etc.). The ‘electrolyte leakage’ can be a sign of internal damage. In this case, stringent requirements should be applied, which is ‘no leakage’. The informal group propose to use visual inspection for leakage detection, which is used in UN-ECE R100. 

Rationale for aqueous electrolyte leakage for crash test in section 5.4.1.1.1
13. 	The user is supposed to stop using the vehicle until certain repair/maintenance is conducted once subject to the event. In this case, the requirement relevant to the accident situation, in order to avoid additional risk to the occupants and the surrounding people, should be applied. Here the main concern is the human contact with the corrosive/toxic electrolyte and not the internal damage of the REESS. This is why most of the international regulations such as FMVSS 305, UN-ECE R94-95 limit the amount of electrolyte leaked. 
14.  	The main concern for the ‘aqueous electrolyte REESS’ is the potential corrosive nature of the electrolyte and hence during the post-crash situation we should avoid any human contact (occupant as well as the person surrounding the accident site) with the electrolyte. JRC has shown that for non-aqueous REESS the ‘7% criteria’ is more stringent than the ‘5 litres criteria’ [EVSTF-04-13e].As significant amount of electrolyte is expected, the informal group found that the measurement techniques provided in the FMVSS 305 is best suited to measure the amount of leaked aqueous electrolyte.

Rationale for non-aqueous electrolyte leakage for crash test in section 5.4.1.1.2
15. 	The amount of leakage for ‘non-aqueous electrolyte REESS’ is expected to be lower than in the case of 'aqueous electrolyte REESS'. This quantity, particularly if small, may not be easily measurable with existing techniques [EVSTF-04-13e]. The ‘non-aqueous electrolyte’ are potentially toxic, irritant or harmful in addition to being flammable. The informal group propose that there should not be any visible leakage outside the vehicle. This will ensure no contact between the electrolyte and the people surrounding the crash site. In addition, the informal group propose to keep the no leakage requirement inside the passenger compartment to avoid contact with occupant. This will be verified by visual inspection and this method is in line with international standards such as UN-ECE R94-95, FMVSS 305. 

Rationale for paragraph (preamble on Potential risk of ‘toxic gases’ from non-aqueous electrolyte) 
16.	 During the informal group discussion, and based on analysis and data provided by JRC, a potential risk related to the release and evaporation of non-aqueous electrolyte and the potential formation of a toxic atmosphere was discussed [EVSTF-04-13e, EVS-07-24e][footnoteRef:7]. As of now, and although the topic is mentioned in various standards: UL 2580, SAE J2464, SAE J2289, SAE J2990, ISO 6469, some of which even recommend gas/analytical detection techniques, there is no clear measurement procedure suitable for all scenarios (component/vehicle level, in-use/post-crash). Even with consideration of the huge amount of electric and hybrid vehicles that are already on the street in Europe, USA and Asia, incidents of evaporation especially during in use are not documented until today. More field or research data is required to define an analytical technique suitable for detection of evaporated species from leaked electrolyte. Based on the outcome of this research, modifications to the requirements and methods with respect to leakage and evaporation of non-aqueous electrolyte may be necessary in the future. [7:  N.P. Lebedeva, L. Boon-Brett, “Considerations on the chemical toxicity of contemporary Li-ion battery electrolytes and their components”, J Electrochem Soc, 2016, 163, A821-A830.] 


Rational for observation period in section 5.4.1.1
17. Electrolyte leakage can occur as the result of mechanical damage to REESS, e.g. in a vehicle crash.
Electrolyte leakage can lead to a potential hazardous situation that can cause human harm from contact with electrolyte and/or electrolyte residue. Risk of human harm is mitigated by adopting a requirement on electrolyte leakage in the tests addressing REESS safety post-crash and stipulating 60 minutes observation time. 
The observation time for electrolyte leakage in the vehicle crash test is 60 minutes which is related to the time needed for occupants to be rescued from a crashed vehicle. Recent and historical data show that the average time that elapses from the moment of crash to the moment when the occupants of a crashed vehicle are removed from a crash scene, i.e. the duration of potential exposure to leaked electrolyte, often approaches 60 minutes[footnoteRef:8],[footnoteRef:9],[footnoteRef:10],[footnoteRef:11]. Similarly, the data shows that time needed from site arrival to rescue of the occupant from the vehicle was 20 minutes on average and the average exceeded 30 minutes when there were two or more persons to be rescued8 .  [8:  Y. Sukegawa, M. Sekino, "Analysis of rescue operations of injured vehicle occupants by fire fighters", paper#11-0101, presented at the 22nd Enhanced Safety of Vehicles Conference (ESV-22), Washington DC, June 2011. www.nrd.nhtsa.dot.gov/departments/esv/22nd/]  [9:  . H. Johannsen, G. Muller, C. Pastor, R-D. Erbe, H-G. Schlosser, "Influence of new car body design on emergency rescue", paper presented at the 4th International Conference on ESAR "Expert Symposium on Accident Research", Hannover, September 2010; http://bast.opus.hbz-nrw.de/volltexte/2012/556/]  [10:  L.E. Shields, "Emergency Response Time in Motor Vehicle Crashes: Literature and Resource Search", report prepared for Motor Vehicle Fire Research Institute, January 2004. http://www.mvfri.org/Contracts/Final%20Reports/Shields_Report-01.pdf]  [11:  http://www.imobilitysupport.eu/library/ecall/ecall-implementation-platform/eeip-meetings/2009-4/01-oct-2009/1236-eeip-adac-accident-research-01-oct-2009/file] 

Recommendations on the duration of the observation time may be reconsidered in the future with any mandatory implementation and an effective operation of in-vehicle communication systems (e.g. e-call requirements to be implemented in the EU from 2018 onwards)[footnoteRef:12]. In this case the required observation time during the in-vehicle test may be reduced, provided that the vehicle is equipped with an in-vehicle communication system and the accompanying infrastructure supporting an effective communication is ensured across the entire territory of a contracting party. [12:  https://ec.europa.eu/digital-agenda/en/ecall-time-saved-lives-saved] 

The observation time for electrolyte leakage in the REESS-based mechanical integrity (5.4.2.1.2) and mechanical shock (5.4.2.1.1) tests is 60 minutes. 


II Text of the regulation 

[Definitions]
Insert the following terms and definitions: 

3. 	Definitions 
3.38 	“Electrolyte leakage” means the escape of electrolyte from the REESS in the form of liquid.  
3.39 	“Aqueous electrolyte” means an electrolyte based on water solvent for the compounds (e.g. acids, bases) providing conducting ions after its dissociation. 
3.40 	“Non-aqueous electrolyte” means an electrolyte not based on water as the solvent. 
3.41 	“Venting” means the release of excessive internal pressure from cell in a manner intended by design to preclude rupture or explosion. Cell venting may result in the release of vent gas from out of the REESS, thereby potentially allowing occupant exposure to the gas.	Comment by Sam: May require rewording
3.42.	“Open-type traction battery” means a type of battery requiring filling with liquid and generating hydrogen gas that is released into the atmosphere.]


[Management of gases emitted from REESS]
Insert the following paragraph to the section 5.1 (requirements with regards to its electrical safety in-use):

5.1. X 	Management of gases emitted from REESS
5.1. X.1         	Under vehicle operation including the operation with a failure, the vehicle occupants shall not be exposed to any hazardous environment caused by emissions from REESS. 
5.1. X.2   	For the open-type traction battery, requirement of 5.1.X.1 shall be verified by following test procedure.
5.1. X.2.1	Determination of hydrogen emissions for open-type traction battery 
5.1. X.2.1.1	The test shall be conducted following the method described in Annex X of this regulation. The hydrogen sampling and analysis shall be the ones prescribed. Other analysis methods can be approved if it is proven that they give equivalent results.
5.1. X.2.1.2	During a normal charge procedure in the conditions given in Annex X, hydrogen emissions shall be below 125 g during 5 h, or below 25 x t2 g during t2 (in h).
5.1. X.2.1.3	During a charge carried out by a charger presenting a failure (conditions given in Annex X), hydrogen emissions shall be below 42 g. Furthermore the charger shall limit this possible failure to 30 minutes.
5.1. X.3  	For REESS other than open-type traction battery, the requirement of   5.1.X.1 is deemed to be satisfied, if all requirements of the following tests are met: 6.2.2 (vibration), 6.2.3 (thermal chock and cycling), 6.2.7 (external short circuit protection), 6.2.8 (overcharge protection), 6.2.9 (over-discharge protection), and 6.2.10 (over-temperature protection). 

[Leakage & venting detection during in-use test]
Insert the following paragraph to the section 5.1 (requirements with regards to its electrical safety in-use):

5.3.2.	 Vibration
The test shall be conducted in accordance with paragraph 6.2.2.
During the test, there shall be no evidence of rupture (applicable to high voltage REESS (s) only), electrolyte leakage, venting (for REESS other than open-type), fire or explosion.
The evidence of electrolyte leakage shall be verified by visual inspection without disassembling any part of the Tested-Device. An appropriate technique shall, if necessary, be used in order to confirm if there is any electrolyte leakage from the REESS resulting from the test. The evidence of venting shall be verified by visual inspection without disassembling any part of the Tested Device.
For a high voltage REESS, the isolation resistance measured after the test in accordance with paragraph 6.1.1. shall not be less than 100 Ω/Volt.

5.3.3.	 Thermal shock and cycling 
The test shall be conducted in accordance with paragraph 6.2.3.
During the test, there shall be no evidence of electrolyte leakage, rupture (applicable to high voltage REESS(s) only), venting (for REESS other than open-type), fire or explosion. 
The evidence of electrolyte leakage shall be verified by visual inspection without disassembling any part of the Tested-Device. An appropriate technique shall, if necessary, be used in order to confirm if there is any electrolyte leakage from the REESS resulting from the test. The evidence of venting shall be verified by visual inspection without disassembling any part of the Tested Device.
For a high voltage REESS, the isolation resistance measured after the test in accordance with paragraph 6.1.1. shall not be less than 100 Ω/Volt.

5.3.5.	External short circuit protection 
The test shall be conducted in accordance with paragraph 6.2.7.
During the test there shall be no evidence of; electrolyte leakage, rupture (applicable to high voltage REESS(s) only), venting (for REESS other than open-type), fire or explosion. 
The evidence of electrolyte leakage shall be verified by visual inspection without disassembling any part of the Tested-Device. An appropriate technique shall, if necessary, be used in order to confirm if there is any electrolyte leakage from the REESS resulting from the test. The evidence of venting shall be verified by visual inspection without disassembling any part of the Tested Device.
For a high voltage REESS, the isolation resistance measured after the test in accordance with paragraph 6.1.1. shall not be less than 100 Ω/Volt.

5.3.6.	Overcharge protection
The test shall be conducted in accordance with paragraph 6.2.8.
During the test there shall be no evidence of electrolyte leakage, rupture (applicable to high voltage REESS(s) only), venting (for REESS other than open-type), fire or explosion.
The evidence of electrolyte leakage shall be verified by visual inspection without disassembling any part of the Tested-Device. An appropriate technique shall, if necessary, used in order to confirm if there is any electrolyte leakage from the REESS resulting from the test. The evidence of venting shall be verified by visual inspection without disassembling any part of the Tested Device.
For a high voltage REESS, the isolation resistance measured after the test in accordance with paragraph 6.1.1. shall not be less than 100 Ω/Volt.

5.3.7.	 Over-discharge protection 
The test shall be conducted in accordance with paragraph 6.2.9. 
During the test there shall be no evidence of; electrolyte leakage, rupture (applicable to high voltage REESS(s) only), venting (for REESS other than open-type), fire or explosion.
The evidence of electrolyte leakage shall be verified by visual inspection without disassembling any part of the Tested-Device. An appropriate technique shall, if necessary, used in order to confirm if there is any electrolyte leakage from the REESS resulting from the test. The evidence of venting shall be verified by visual inspection without disassembling any part of the Tested Device.
For a high voltage REESS, the isolation resistance measured after the test in accordance with paragraph 6.1.1. shall not be less than 100 Ω/Volt.

5.3.8. 	Over-temperature protection 
The test shall be conducted in accordance with paragraph 6.2.10.
During the test there shall be no evidence of; electrolyte leakage, rupture (applicable to high voltage REESS(s) only), venting (for REESS other than open-type), fire or explosion.
The evidence of electrolyte leakage shall be verified by visual inspection without disassembling any part of the Tested-Device. An appropriate technique shall, if necessary, used in order to confirm if there is any electrolyte leakage from the REESS resulting from the test. The evidence of venting shall be verified by visual inspection without disassembling any part of the Tested Device.
For a high voltage REESS, the isolation resistance measured after the test in accordance with paragraph 6.1.1. shall not be less than 100 Ω/Volt.

[Leakage detection in vehicle level test for safety of REESS- post crash]

Replace the following paragraphs under the section 5.4 (Requirements with regard to safety of REESS - post crash):

5.4.1.	Requirements for vehicle crash tests
5.4.1.1	Electrolyte leakage
5.4.1.1.1 	In case of aqueous electrolyte’ REESS
For a period from the impact until 60 minutes after the impact, there shall be no electrolyte leakage from the REESS into the passenger compartment and no more than 7 per cent by volume of the REESS electrolyte capacity with a maximum of 5.0 litres leaked from the REESS to the outside of the passenger compartment. The leaked amount of electrolyte can be measured by usual techniques of determination of liquid volumes after its collection (e.g. "tea cup method"). For containers containing Stoddard, coloured coolant and electrolyte, the fluids shall be allowed to separate by specific gravity then measured. 

5.4.1.1.2 	In case of non-aqueous electrolyte’ REESS
For a period from the impact until 60 minutes after the impact, there shall be no liquid electrolyte leakage from the REESS into the passenger compartment, luggage compartment and no liquid electrolyte leakage to outside the vehicle. This requirement shall be verified by visual inspection without disassembling any part of the vehicle.

[Leakage detection in component level test for safety of REESS - post crash]

Insert the following paragraph to the section 5.4 (Requirements with regard to the safety of REESS - post crash):
5.4.2.1.1	Mechanical shock
The test shall be conducted in accordance with paragraph 6.2.4.
During the test there shall be no evidence of electrolyte leakage, fire or explosion. 
The evidence of electrolyte leakage shall be verified by visual inspection without disassembling any part of the Tested-Device. An appropriate technique shall, if necessary, used in order to confirm if there is any electrolyte leakage from the REESS resulting from the test. 
xxxxxx

5.4.2.1.2	Mechanical integrity
The test shall be conducted in accordance with paragraph 6.2.5.
xxxxxx
During the test there shall be no evidence of electrolyte leakage, fire or explosion. 
The evidence of electrolyte leakage shall be verified by visual inspection without disassembling any part of the Tested-Device. An appropriate technique shall, if necessary, used in order to confirm if there is any electrolyte leakage from the REESS resulting from the test.
xxxxxx


[Determination of hydrogen emissions during the charge procedures of the REESS]

Insert the following Annex to the GTR:

[bookmark: _Toc352838593][bookmark: _Toc352852765]Annex X
[bookmark: _Toc352838594][bookmark: _Toc352852766]Determination of hydrogen emissions during the charge procedures of the REESS

1.	Introduction
This annex describes the procedure for the determination of hydrogen emissions during the charge procedures of the REESS of all road vehicles, according to paragraph 5.1.Y. of this Regulation.
2.	Description of test
The hydrogen emission test (Figure X of the present annex) is conducted in order to determine hydrogen emissions during the charge procedures of the REESS with the charger.  The test consists in the following steps:
(a)	Vehicle/REESS preparation;
(b)	Discharge of the REESS;
(c)	Determination of hydrogen emissions during a normal charge;
(d)	Determination of hydrogen emissions during a charge carried out with the charger failure.
3.	Tests
3.1.	Vehicle based test
3.1.1.	The vehicle shall be in good mechanical condition and have been driven at least 300 km during seven days before the test.  The vehicle shall be equipped with the REESS subject to the test of hydrogen emissions, over this period.
3.1.2.	If the REESS is used at a temperature above the ambient temperature, the operator shall follow the manufacturer's procedure in order to keep the REESS temperature in normal functioning range.
The manufacturer's representative shall be able to certify that the temperature conditioning system of the REESS is neither damaged nor presenting a capacity defect.
3.2.	Component based test
3.2.1.	The REESS shall be in good mechanical condition and have been subject to minimum of 5 standard cycles (as specified in paragraph 6.2.1.).
3.2.2.	If the REESS is used at a temperature above the ambient temperature, the operator shall follow the manufacturer's procedure in order to keep the REESS temperature in its normal functioning range.
The manufacturer's representative shall be able to certify that the temperature conditioning system of the REESS is neither damaged nor presenting a capacity defect
[bookmark: _Toc352838595][bookmark: _Toc352852767]
Figure X
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4.	Test equipment for hydrogen emission test
4.1.	Hydrogen emission measurement enclosure
The hydrogen emission measurement enclosure shall be a gas-tight measuring chamber able to contain the vehicle/REESS under test.  The vehicle/REESS shall be accessible from all sides and the enclosure when sealed shall be gas-tight in accordance with Appendix 1 to this annex.  The inner surface of the enclosure shall be impermeable and non‑reactive to hydrogen.  The temperature conditioning system shall be capable of controlling the internal enclosure air temperature to follow the prescribed temperature throughout the test, with an average tolerance of ±2 K over the duration of the test.
To accommodate the volume changes due to enclosure hydrogen emissions, either a variable-volume or another test equipment may be used.  The variable-volume enclosure expands and contracts in response to the hydrogen emissions in the enclosure.  Two potential means of accommodating the internal volume changes are movable panels, or a bellows design, in which impermeable bags inside the enclosure expand and contract in response to internal pressure changes by exchanging air from outside the enclosure.  Any design for volume accommodation shall maintain the integrity of the enclosure as specified in Appendix 1 to this annex.
Any method of volume accommodation shall limit the differential between the enclosure internal pressure and the barometric pressure to a maximum value of ±5hPa.
The enclosure shall be capable of latching to a fixed volume.  A variable volume enclosure shall be capable of accommodating a change from its "nominal volume" (see Annex X, Appendix 1, paragraph 2.1.1.), taking into account hydrogen emissions during testing.
4.2.	Analytical systems
4.2.1.	Hydrogen analyser
4.2.1.1.	The atmosphere within the chamber is monitored using a hydrogen analyser (electrochemical detector type) or a chromatograph with thermal conductivity detection.  Sample gas shall be drawn from the mid-point of one side-wall or roof of the chamber and any bypass flow shall be returned to the enclosure, preferably to a point immediately downstream of the mixing fan.
4.2.1.2.	The hydrogen analyser shall have a response time to 90 per cent of final reading of less than 10 seconds.  Its stability shall be better than 2 per cent of full scale at zero and at 80 per cent ± 20 per cent of full scale, over 
a 15-minute period for all operational ranges.
4.2.1.3.	The repeatability of the analyser expressed as one standard deviation shall be better than 1 per cent of full scale, at zero and at 80 per cent ± 20 per cent of full scale on all ranges used.
4.2.1.4.	The operational ranges of the analyser shall be chosen to give best resolution over the measurement, calibration and leak checking procedures.
4.2.2.	Hydrogen analyser data recording system
The hydrogen analyser shall be fitted with a device to record electrical signal output, at a frequency of at least once per minute. The recording system shall have operating characteristics at least equivalent to the signal being recorded and shall provide a permanent record of results.  The recording shall show a clear indication of the beginning and end of the normal charge test and charging failure operation.
4.3.	Temperature recording
4.3.1.	The temperature in the chamber is recorded at two points by temperature sensors, which are connected so as to show a mean value. The measuring points are extended approximately 0.1 m into the enclosure from the vertical centre line of each side-wall at a height of 0.9 ± 0.2 m.
4.3.2.	The temperatures in the proximity of the cells are recorded by means of the sensors.
4.3.3.	Temperatures shall, throughout the hydrogen emission measurements, be recorded at a frequency of at least once per minute.
4.3.4.	The accuracy of the temperature recording system shall be within ±1.0 K and the temperature shall be capable of being resolved to ±0.1 K.
4.3.5.	The recording or data processing system shall be capable of resolving time to ± 15 seconds.
4.4.	Pressure recording
4.4.1.	The difference p between barometric pressure within the test area and the enclosure internal pressure shall, throughout the hydrogen emission measurements, be recorded at a frequency of at least once per minute.
4.4.2.	The accuracy of the pressure recording system shall be within ±2 hPa and the pressure shall be capable of being resolved to ±0.2 hPa.
4.4.3.	The recording or data processing system shall be capable of resolving time to ±15 seconds.
4.5.	Voltage and current intensity recording
4.5.1.	The charger voltage and current intensity (battery) shall, throughout the hydrogen emission measurements, be recorded at a frequency of at least once per minute.
4.5.2.	The accuracy of the voltage recording system shall be within ±1 V and the voltage shall be capable of being resolved to ±0.1 V.
4.5.3.	The accuracy of the current intensity recording system shall be within ±0.5 A and the current intensity shall be capable of being resolved to ±0.05 A.
4.5.4.	The recording or data processing system shall be capable of resolving time to ±15 seconds.
4.6.	Fans
The chamber shall be equipped with one or more fans or blowers with a possible flow of 0.1 to 0.5 m3/second in order to thoroughly mix the atmosphere in the enclosure.  It shall be possible to reach a homogeneous temperature and hydrogen concentration in the chamber during measurements.  The vehicle in the enclosure shall not be subjected to a direct stream of air from the fans or blowers.
4.7.	Gases
4.7.1.	The following pure gases shall be available for calibration and operation:
(a) 	Purified synthetic air (purity < 1 ppm C1 equivalent; < 1 ppm CO; < 400 ppm CO2; < 0.1 ppm NO ); oxygen content between 18 and 21 per cent by volume,
(b) 	Hydrogen ( H2 ), 99.5 per cent minimum purity.
4.7.2.	Calibration and span gases shall contain mixtures of hydrogen (H2) and purified synthetic air.  The real concentrations of a calibration gas shall be within ±2 per cent of the nominal values.  The accuracy of the diluted gases obtained when using a gas divider shall be within ±2 per cent of the nominal value.  The concentrations specified in Appendix 1 may also be obtained by a gas divider using synthetic air as the dilution gas.
5.	Test procedure
	The test consists in the five following steps:
(a)	vehicle/REESS preparation;
(b)	discharge of the REESS;
(c)	determination of hydrogen emissions during a normal charge;
(d)	discharge of the traction battery;
(e)	determination of hydrogen emissions during a charge carried 
			out with the charger failure.
If the vehicle/REESS has to be moved between two steps, it shall be pushed to the following test area.
5.1.	Vehicle based test
5.1.1.	Vehicle preparation
The ageing of REESS shall be checked, proving that the vehicle has performed at least 300 km during seven days before the test.  During this period, the vehicle shall be equipped with the traction battery submitted to the hydrogen emission test.  If this cannot be demonstrated then the following procedure will be applied.
5.1.1.1.	Discharges and initial charges of the REESS
The procedure starts with the discharge of the REESS of the vehicle while driving on the test track or on a chassis dynamometer at a steady speed of 70 per cent ± 5 per cent of the maximum speed of the vehicle during 30 minutes.
	Discharging is stopped:
(a)	When the vehicle is not able to run at 65 per cent of the maximum thirty minutes speed, or
(b)	When an indication to stop the vehicle is given to the driver by the standard on-board instrumentation, or
(c)	After having covered the distance of 100 km.
5.1.1.2.	Initial charge of the REESS
		The charge is carried out:
(a)	With the charger;
(b)	In an ambient temperature between 293 K and 303 K.
The procedure excludes all types of external chargers.
The end of REESS charge criteria corresponds to an automatic stop given by the charger.
This procedure includes all types of special charges that could be automatically or manually initiated like, for instance, the equalisation charges or the servicing charges.
5.1.1.3.	Procedure from paragraphs 5.1.1.1. and 5.1.1.2. shall be repeated two times.
5.1.2.	Discharge of the REESS
The REESS is discharged while driving on the test track or on a chassis dynamometer at a steady speed of 70 per cent ± 5 per cent from the maximum thirty minutes speed of the vehicle.
		Stopping the discharge occurs:
(a) When an indication to stop the vehicle is given to the driver by the standard on-board instrumentation, or
(b) When the maximum speed of the vehicle is lower than 20 km/h.
5.1.3.	Soak
Within fifteen minutes of completing the battery discharge operation specified in paragraph 5.2., the vehicle is parked in the soak area. The vehicle is parked for a minimum of 12 hours and a maximum of 36 hours, between the end of the traction battery discharge and the start of the hydrogen emission test during a normal charge. For this period, the vehicle shall be soaked at 293 K ± 2 K.
5.1.4.	Hydrogen emission test during a normal charge
5.1.4.1.	Before the completion of the soak period, the measuring chamber shall be purged for several minutes until a stable hydrogen background is obtained.  The enclosure mixing fan(s) shall also be turned on at this time.
5.1.4.2.	The hydrogen analyser shall be zeroed and spanned immediately prior to the test.
5.1.4.3.	At the end of the soak, the test vehicle, with the engine shut off and the test vehicle windows and luggage compartment opened shall be moved into the measuring chamber.
5.1.4.4.	The vehicle shall be connected to the mains.  The REESS is charged according to normal charge procedure as specified in paragraph 5.1.4.7. below.
5.1.4.5.	The enclosure doors are closed and sealed gas-tight within two minutes from electrical interlock of the normal charge step.
5.1.4.6.	The start of a normal charge for hydrogen emission test period begins when the chamber is sealed.  The hydrogen concentration, temperature and barometric pressure are measured to give the initial readings CH2i, Ti and Pi for the normal charge test.
These figures are used in the hydrogen emission calculation (paragraph 6. of this annex).  The ambient enclosure temperature T shall not be less than 291 K and no more than 295 K during the normal charge period.
5.1.4.7.	Procedure of normal charge
The normal charge is carried out with the charger and consists of the following steps:
(a)	Charging at constant power during t1;
(b)	Over-charging at constant current during t2.  Over-charging intensity is specified by manufacturer and corresponds to the one used during equalisation charging.
The end of REESS charge criteria corresponds to an automatic stop given by the charger to a charging time of t1 + t2.  This charging time will be limited to t1 + 5 h, even if a clear indication is given to the driver by the standard instrumentation that the battery is not yet fully charged.
5.1.4.8.	The hydrogen analyser shall be zeroed and spanned immediately before the end of the test.
5.1.4.9.	The end of the emission sampling period occurs t1 + t2 or t1 + 5 hours after the beginning of the initial sampling, as specified in paragraph 5.1.4.6. of this annex.  The different times elapsed are recorded.  The hydrogen concentration, temperature and barometric pressure are measured to give the final readings CH2f, Tf and Pf for the normal charge test, used for the calculation in paragraph 6. of this annex.
5.1.5.	Hydrogen emission test with the charger failure
5.1.5.1.	Within seven days maximum after having completed the prior test, the procedure starts with the discharge of the REESS of the vehicle according to paragraph 5.1.2. of this annex.
5.1.5.2.	The steps of the procedure in paragraph 5.1.3. of this annex shall be repeated.
5.1.5.3.	Before the completion of the soak period, the measuring chamber shall be purged for several minutes until a stable hydrogen background is obtained.  The enclosure mixing fan(s) shall also be turned on at this time.
5.1.5.4.	The hydrogen analyser shall be zeroed and spanned immediately prior to the test.
5.1.5.5.	At the end of the soak, the test vehicle, with the engine shut off and the test vehicle windows and luggage compartment opened shall be moved into the measuring chamber.
5.1.5.6.	The vehicle shall be connected to the mains.  The REESS is charged according to failure charge procedure as specified in paragraph 5.1.5.9. below.
5.1.5.7.	The enclosure doors are closed and sealed gas-tight within two minutes from electrical interlock of the failure charge step.
5.1.5.8.	The start of a failure charge for hydrogen emission test period begins when the chamber is sealed.  The hydrogen concentration, temperature and barometric pressure are measured to give the initial readings CH2i, Ti and Pi for the failure charge test. 
These figures are used in the hydrogen emission calculation (paragraph 6. of this annex).  The ambient enclosure temperature T shall not be less than 291 K and no more than 295 K during the charging failure period.
5.1.5.9. 	Procedure of charging failure
The charging failure is carried out with the suitable charger and consists of the following steps:
(a)	Charging at constant power during t'1;
(b)	Charging at maximum current as recommended by the manufacturer during 30 minutes.  During this phase, the charger shall supply maximum current as recommended by the manufacturer.
5.1.5.10.	The hydrogen analyser shall be zeroed and spanned immediately before the end of the test.
5.1.5.11.	The end of test period occurs t'1 + 30 minutes after the beginning of the initial sampling, as specified in paragraph 5.1.5.8. above.  The times elapsed are recorded.  The hydrogen concentration, temperature and barometric pressure are measured to give the final readings CH2f, Tf and Pf for the charging failure test, used for the calculation in paragraph 6. of this annex.
5.2.	Component based test
5.2.1.	REESS preparation
The ageing of REESS shall be checked, to confirm that the REESS has performed at least 5 standard cycles (as specified in paragraph 6.2.1.).  
5.2.2.	Discharge of the REESS
The REESS is discharged at 70 per cent ± 5 per cent of the nominal power of the system.
Stopping the discharge occurs when minimum SOC as specified by the manufacturer is reached.
5.2.3.	Soak
Within 15 minutes of the end of the REESS discharge operation specified in paragraph 5.2.2. above, and before the start of the hydrogen emission test, the REESS shall be soaked at 293 K ± 2 K for a minimum period of 12 hours and a maximum of period of 36 hours.
5.2.4.	Hydrogen emission test during a normal charge
5.2.4.1.	Before the completion of the REESS's soak period, the measuring chamber shall be purged for several minutes until a stable hydrogen background is obtained. The enclosure mixing fan(s) shall also be turned on at this time.
5.2.4.2.	The hydrogen analyser shall be zeroed and spanned immediately prior to the test.
5.2.4.3.	At the end of the soak period, the REESS shall be moved into the measuring chamber.
5.2.4.4.	The REESS shall be charged in accordance with the normal charge procedure as specified in paragraph 5.2.4.7. below.
5.2.4.5.	The chamber shall be closed and sealed gas-tight within two minutes of the electrical interlock of the normal charge step.
5.2.4.6.	The start of a normal charge for hydrogen emission test period shall begin when the chamber is sealed. The hydrogen concentration, temperature and barometric pressure are measured to give the initial readings CH2i, Ti and Pi for the normal charge test.
These figures are used in the hydrogen emission calculation (paragraph 6. of this annex). The ambient enclosure temperature T shall not be less than 291 K and no more than 295 K during the normal charge period.
5.2.4.7.	Procedure of normal charge
The normal charge is carried out with a suitable charger and consists of the following steps:
(a)	Charging at constant power during t1;
(a)	Over-charging at constant current during t2. Over-charging intensity is specified by manufacturer and corresponding to that used during equalisation charging.
The end of REESS charge criteria corresponds to an automatic stop given by the charger to a charging time of t1 + t2. This charging time will be limited to t1 + 5 h, even if a clear indication is given by a suitable instrumentation that the REESS is not yet fully charged.
5.2.4.8.	The hydrogen analyser shall be zeroed and spanned immediately before the end of the test.
5.2.4.9.	The end of the emission sampling period occurs t1 + t2 or t1 + 5 h after the beginning of the initial sampling, as specified in paragraph 5.2.4.6. above. The different times elapsed are recorded. The hydrogen concentration, temperature and barometric pressure are measured to give the final readings CH2f, Tf and Pf for the normal charge test, used for the calculation in paragraph 6. of this annex
5.2.5.	Hydrogen emission test with the charger failure
5.2.5.1.	The test procedure shall start within a maximum of seven days after having completed the test in paragraph 5.2.4. above, the procedure shall start with the discharge of the REESS of the vehicle in accordance with paragraph 5.2.2. above.
5.2.5.2.	The steps of the procedure in paragraph 5.2.3. above shall be repeated.
5.2.5.3.	Before the completion of the soak period, the measuring chamber shall be purged for several minutes until a stable hydrogen background is obtained. The enclosure mixing fan(s) shall also be turned on at this time.
5.2.5.4.	The hydrogen analyser shall be zeroed and spanned immediately prior to the test.
5.2.5.5.	At the end of the soak the REESS shall be moved into the measuring chamber.
5.2.5.6.	The REESS shall be charged according to the failure charge procedure as specified in paragraph 5.2.5.9. below.
5.2.5.7.	The chamber shall be closed and sealed gas-tight within two minutes from electrical interlock of the failure charge step.
5.2.5.8.	The start of a failure charge for hydrogen emission test period begins when the chamber is sealed. The hydrogen concentration, temperature and barometric pressure are measured to give the initial readings CH2i, Ti and Pi for the failure charge test. 
These figures are used in the hydrogen emission calculation (paragraph 6. of this annex).  The ambient enclosure temperature T shall not be less than 291 K and no more than 295 K during the charging failure period.
5.2.5.9. 	Procedure of charging failure
The charging failure is carried out with a suitable charger and consists of the following steps:
(a) Charging at constant power during t'1,
(b) Charging at maximum current as recommended by the manufacturer during 30 minutes.  During this phase, the charger shall supply maximum current as recommended by the manufacturer.
5.2.5.10.	The hydrogen analyser shall be zeroed and spanned immediately before the end of the test.
5.2.5.11.	The end of test period occurs t’1 + 30 minutes after the beginning of the initial sampling, as specified in paragraph 5.2.5.8. above. The times elapsed are recorded. The hydrogen concentration, temperature and barometric pressure are measured to give the final readings CH2f, Tf and Pf for the charging failure test, used for the calculation in paragraph 6. below.

6.	Calculation
The hydrogen emission tests described in paragraph 5. above allow the calculation of the hydrogen emissions from the normal charge and charging failure phases.  Hydrogen emissions from each of these phases are calculated using the initial and final hydrogen concentrations, temperatures and pressures in the enclosure, together with the net enclosure volume.
	The formula below is used:
         [image: ]
Where:
MH2 = hydrogen mass, in grams
CH2 = measured hydrogen concentration in the enclosure, in ppm volume
V     = net enclosure volume in cubic metres (m3) corrected for the volume of the vehicle, with the windows and the luggage compartment open.  If the volume of the vehicle is not determined a volume of 1.42 m³ is subtracted.
Vout   = compensation volume in m³, at the test temperature and pressure
T    = ambient chamber temperature, in K
P    = absolute enclosure pressure, in kPa
k = 2.42
Where:	i is the initial reading
	f is the final reading
6.1.	Results of test
The hydrogen mass emissions for the REESS are:
MN = hydrogen mass emission for normal charge test, in grams
MD = hydrogen mass emission for charging failure test, in grams
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[bookmark: _Toc352838597][bookmark: _Toc352852769]Annex X ‑ Appendix 1
[bookmark: _Toc352838598][bookmark: _Toc352852770]		Calibration of equipment for hydrogen emission testing
1. 	Calibration frequency and methods
All equipment shall be calibrated before its initial use and then calibrated as often as necessary and in any case in the month before type approval testing.  The calibration methods to be used are described in this appendix.
2.	Calibration of the enclosure
2.1.	Initial determination of enclosure internal volume
2.1.1.	Before its initial use, the internal volume of the chamber shall be determined as follows.  The internal dimensions of the chamber are carefully measured, taking into account any irregularities such as bracing struts.  The internal volume of the chamber is determined from these measurements.
The enclosure shall be latched to a fixed volume when the enclosure is held at an ambient temperature of 293 K.  This nominal volume shall be repeatable within ±0.5 per cent of the reported value.
2.1.2.	The net internal volume is determined by subtracting 1.42 m3 from the internal volume of the chamber.  Alternatively the volume of the test vehicle with the luggage compartment and windows open or REESS may be used instead of the 1.42 m3.
2.1.3.	The chamber shall be checked as in paragraph 2.3. of this annex.  If the hydrogen mass does not agree with the injected mass to within ±2 per cent then corrective action is required.
2.2.	Determination of chamber background emissions
This operation determines that the chamber does not contain any materials that emit significant amounts of hydrogen.  The check shall be carried out at the enclosure's introduction to service, after any operations in the enclosure which may affect background emissions and at a frequency of at least once per year.
2.2.1.	Variable-volume enclosure may be operated in either latched or unlatched volume configuration, as described in paragraph 2.1.1. above. Ambient temperature shall be maintained at 293 K ± 2 K, throughout the four-hour period mentioned below.
2.2.2.	The enclosure may be sealed and the mixing fan operated for a period of up to 12 hours before the four-hour background-sampling period begins.
2.2.3.	The analyser (if required) shall be calibrated, then zeroed and spanned.
2.2.4.	The enclosure shall be purged until a stable hydrogen reading is obtained, and the mixing fan turned on if not already on.
2.2.5.	The chamber is then sealed and the background hydrogen concentration, temperature and barometric pressure are measured. These are the initial readings CH2i, Ti and Pi used in the enclosure background calculation.
2.2.6.	The enclosure is allowed to stand undisturbed with the mixing fan on for a period of four hours.
2.2.7.	At the end of this time the same analyser is used to measure the hydrogen concentration in the chamber.  The temperature and the barometric pressure are also measured.  These are the final readings CH2f, Tf and Pf.
2.2.8.	The change in mass of hydrogen in the enclosure shall be calculated over the time of the test in accordance with paragraph 2.4. of this annex and shall not exceed 0.5 g.
2.3.	Calibration and hydrogen retention test of the chamber
The calibration and hydrogen retention test in the chamber provides a check on the calculated volume (paragraph 2.1. above) and also measures any leak rate.  The enclosure leak rate shall be determined at the enclosure's introduction to service, after any operations in the enclosure which may affect the integrity of the enclosure, and at least monthly thereafter.  If six consecutive monthly retention checks are successfully completed without corrective action, the enclosure leak rate may be determined quarterly thereafter as long as no corrective action is required.
2.3.1.	The enclosure shall be purged until a stable hydrogen concentration is reached.  The mixing fan is turned on, if not already switched on. The hydrogen analyser is zeroed, calibrated if required, and spanned.
2.3.2.	The enclosure shall be latched to the nominal volume position.
2.3.3.	The ambient temperature control system is then turned on (if not already on) and adjusted for an initial temperature of 293 K.
2.3.4.	When the enclosure temperature stabilizes at 293 K ± 2 K, the enclosure is sealed and the background concentration, temperature and barometric pressure measured.  These are the initial readings CH2i, Ti and Pi used in the enclosure calibration.
2.3.5.	The enclosure shall be unlatched from the nominal volume.
2.3.6.	A quantity of approximately 100 g of hydrogen is injected into the enclosure.  This mass of hydrogen shall be measured to an accuracy of ±2 per cent of the measured value.
2.3.7.	The contents of the chamber shall be allowed to mix for five minutes and then the hydrogen concentration, temperature and barometric pressure are measured.  These are the final readings CH2f, Tf and Pf for the calibration of the enclosure as well as the initial readings CH2i, Ti and Pi for the retention check.
2.3.8.	On the basis of the readings taken in paragraphs 2.3.4 and 2.3.7 above and the formula in paragraph 2.4. below, the mass of hydrogen in the enclosure is calculated. This shall be within ±2 per cent of the mass of hydrogen measured in paragraph 2.3.6. above.
2.3.9.	The contents of the chamber shall be allowed to mix for a minimum of 10 hours.  At the completion of the period, the final hydrogen concentration, temperature and barometric pressure are measured and recorded.  These are the final readings CH2f, Tf and Pf for the hydrogen retention check.
2.3.10.	Using the formula in paragraph 2.4. below, the hydrogen mass is then calculated from the readings taken in paragraphs 2.3.7 and 2.3.9. above.  This mass may not differ by more than 5 per cent from the hydrogen mass given by paragraph 2.3.8. above.
2.4.	Calculation
The calculation of net hydrogen mass change within the enclosure is used to determine the chamber's hydrocarbon background and leak rate. Initial and final readings of hydrogen concentration, temperature and barometric pressure are used in the following formula to calculate the mass change.
[image: ]
Where: 
MH2 = hydrogen mass, in grams
CH2 = measured hydrogen concentration into the enclosure, in ppm volume
V = enclosure volume in cubic metres (m3) as measured in paragraph 2.1.1. above.
Vout = compensation volume in m³, at the test temperature and pressure
T = ambient chamber temperature, in K
P = absolute enclosure pressure, in kPa
k =2.42
Where:	i is the initial reading
	f is the final reading
3.	Calibration of the hydrogen analyser
The analyser should be calibrated using hydrogen in air and purified synthetic air.  See paragraph 4.8.2. of Annex X.
Each of the normally used operating ranges are calibrated by the following procedure:
3.1.	Establish the calibration curve by at least five calibration points spaced as evenly as possible over the operating range.  The nominal concentration of the calibration gas with the highest concentrations to be at least 80 per cent of the full scale.
3.2.	Calculate the calibration curve by the method of least squares.  If the resulting polynomial degree is greater than three, then the number of calibration points shall be at least the number of the polynomial degree plus two.
3.3.	The calibration curve shall not differ by more than two per cent from the nominal value of each calibration gas.
3.4.	Using the coefficients of the polynomial derived from paragraph 3.2. above, a table of analyser readings against true concentrations shall be drawn by steps no greater than 1 per cent of full scale.  This is to be carried out for each analyser range calibrated.
This table shall also contain other relevant data such as:
(a) date of calibration;
(b) span and zero potentiometer readings (where applicable);
(c) nominal scale;
(d) reference data of each calibration gas used;
(e) real and indicated value of each calibration gas used together with the percentage differences;
(f) calibration pressure of analyser.
3.5.	Alternative methods (e.g. computer, electronically controlled range switch) can be used if it is proven to the technical service that these methods give equivalent accuracy. 
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