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A. PROPOSAL

Requlation No. 100

UNIFORM PROVISIONS CONCERNING THE APPROVAL OFBATFR-ELECTRIC
VEHICLES WITH REGARD TO SPECIFIC REQUIREMENTS FORHE-CONSTRUGHON,
FUNGCHONAL-SAFEF-AND-HYDROGEN-EMISSIONTHE ELECTRIC POWER

TRAIN
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1. SCOPE

The following prescriptions apply to safety reg@umnents with respect tbe electric
power train of road vehicles of categories M and N, with a maximesign speed
exceeding 25 km/hequipped with one or more traction motor(s) operatd by
electric power and not permanently connected to thgrid, as well as theirand
the-high voltage components and systems which are gahiaally connected to
the high voltage bus of the electric power train.

This regulation does not cover post crash safetyquirements of road vehicles.

2. DEFINITIONS

For the purpose of thiggulation the following definitions apply:

2.1. "Active driving possible mode meansthe vehicle modewhen application of
pressure to the accelerator pedal (or activaticanoéquivalent controbr release of
the brake systemwill cause theslectric powertrain to move the vehicle.

2.2. "Barrier " means the part providing protection against dire¢ contact to the live
parts from any direction of access.

2.3. "Conductive connectiori means the connection using connectors to an exteal
power supply when therechargeable energy storage systenlRESS is charged. |
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2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

2.11.

2.12.

"Coupling systenfor charging the rechargeable energy storage syste(RESS)

means the electrical circuit used for charging th&RESS froman external electric
power supplyncluding the vehicle inlet.

"Direct contact means the contact of persons-ertivestadk live parts.
"Electrical chassismeans a set made of conductive parts electritiakgd together,

and-al-etherenductive-parts—electrically-linked-to-themhose potential is taken as

reference.

"Electrical circuit means an assembly of connected live patigch an—eleetriecal
eurrentis designedo-passbe electrically energizedn normaloperation.

"Electric_energy conversion _systeth means a system that generates and
provides electric energy for electric propulsion.

"Electric_power traifl means the electrical circuit which includes the ftaction
motor(s), and may include the RESS, the electric engy conversion systemthe
electronic convertersthe associated wiring harness and connectors, anithe
coupling system for charging the RESS.

"Electronic converteérmeans adevice capable of controlling and/or converting
electric power for electric propulsion.

"Enclosuré’ means the part enclosing the internal units and poviding
protection against direct contact from any directio of access.

"Exposed conductive pdrimeansthe conductive partvhich can—+eadily\be touched
under the provisions of the protection degree IPXXB and which maybecomes
electrically energized undésolation failure conditions.

2.13.

2.14.

"External_electric power supplymeans an alternating current (AC) or direct

current (DC) electric power supply outside of the ghicle.

"High Voltage' means the classification of an electric componentr circuit, if
its working voltage is > 60 V andk 1500 V DC or > 30 V anck 1000 V AC root
mean square (rms).



2.15. "High voltage bus means the electrical circuit, including the couping system
for charging the RESS that operates on high voltage
"Drive. direetioncontrol_uni Seific dovi

2.16. "Indirect contact means the contact of persers-erlivestaith exposed conductive
parts.

2.17. "Live parts means the conductive part(s) intended to be ratadlyy energized in
normal use.

2.18. "Luggage compartmehtmeans the space in the vehicle for luggage accmhation,

bounded by the roof, hood, floor, side walss well as by the barrier and
enclosure provided for protecting the power train fom direct contact with live

parts, being separated from the passenger compartmeby the front bulkhead

or the rear bulk head.

2.19. "On-board isolation resistance monitoring sym" means the device which
monitors the isolation resistance between the higlvoltage buses and the
electrical chassis.

2.20. "Open _type traction battery' means a liquid type battery requiring refilling
with water and generating hydrogen gas released the atmosphere.

2.21. "Passenger compartmémbeans the space for occupant accommodation, leoluioyl
the roof, floor, side walls, doorsjindow glass front bulkhead andear bulkhead,
or rear gate, as well as by the barriers and enclases provided for protecting
the power train from direct contact with live parts.

2.22. "Protection _degreé means the protection provided by a barrier/enclosire

related to the contact with live parts by a test pobe, such as a test finger
(IPXXB) or a test wire (IPXXD), as defined in Annex3.

2.23. "Rechargeable enerqgy storage system (RESS)ieans the rechargeable energy
storage system that provides electric energy for @ttric propulsion.

2.24. "Service disconnec¢t means the device for deactivation of the electral circuit
when conducting checks and services of the RESSeficell stack, etc.

2.25. "Solid insulator’ means the insulating coating of wiring harnessegrovided in
order to cover and protect the live parts against glect contact from any




ECE/TRANS/WP.29/GRSP/2009/16
page 6

direction of access; covers for insulating the liveparts of connectors, and
varnish or paint for the purpose of insulation.

2.26. "Vehicle type means-battery—eleetrimoad vehicles which do not differ in such
essential aspects as:

(a) Installation of the electric power train and the galvanically connected high
voltage bus.

(b) Nature and type of electric power train and thegalvanically connected high
voltage components.

2.27. "Working voltagé means the highest value of an electrical ciraaltage root-
mean-square (rms)—valuef—an—electrical—ciredit—voltage specified by the
manufacturer, which may occuretween any conductive parts in open circuit
conditions or under normal operating conditidighe electrical circuit is divided
by galvanic isolation, the working voltage is defiad for each divided circuit,

respectively.
3. APPLICATION FOR APPROVAL
3.1. The application for approval of a vehicle type widgard to specific requirements

for the electric power train eenstruction—and-functional-safety—of battery-tlec
road-vehicleshall be submitted by vehicle manufacturer or by hisydadcredited

Representative.

3.2. It shall be accompanied by the under-mentioned documentsriphcate and
following particulars:

3.2.1. Detarled descrrptron of the—ba%tery—eleeteed—veknele—type—as—reg&rds—te—me—shape

{type—e&paer%y—batfeery—managememhrcle type as regards to the eIectrrc power

train and the galvanically connected high voltage ts.

3.3. A vehicle representative of the vehicle type toapprovedshall be submitted to the
technical service responsible for conducting therayal tests.

3.4. The competent Authority shall verify the existemdesatisfactory arrangements for
ensuring effective control of the conformity of duwtion before type approval is
granted.
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4, APPROVAL

4.1. If the vehicle submitted for approval pursudat this Regulation meets the
requirements of Paragraph 5 below and Annexes 8, a&hd 7to this Regulation,
approval of this vehicle type shall be granted.

4.2. An approval number shall be assigned to egoh approved. Its first two digits (at
presentOl for the Regulation in its form) shall indicate theries of amendments
incorporating the most recent major technical amerts made to the Regulation at
the time of issue of the approval. The same Comtgdarty shall not assign the
same number to another vehicle type.

4.3. Notice of approval or of refusal or of extension withdrawal of approval or
production definitely discontinued of a vehicle @ypursuant to this Regulation shall
be communicated to the Parties to the Agreemenyiagpthis Regulation, by means
of a form conforming to the model in Annex 1 tostRegulation.

4.4. There shall be affixed, conspicuously and meadily accessible place specified on
the approval form, to every vehicle conforming teehicle type approved under this
Regulation an international approval mark consistih

4.4.1. A circle surrounding the Letter "E" followed by tlukstinguishing number of the
country which has granted approval. 1

4.4.2. The number of this Regulation, followed by the EettR", a dash and the approval
number to the right of the circle described in Beaph 4.4.1.

u 1 for Germany, 2 for France, 3 for ltaly, 4 fitre Netherlands, 5 for Sweden, 6 for
Belgium, 7 for Hungary, 8 for the Czech Republi¢p®Spain, 10 for Serbia, 11 for the United
Kingdom, 12 for Austria, 13 for Luxembourg, 14 f8witzerland, 15 (vacant), 16 for Norway,
17 for Finland, 18 for Denmark, 19 for Romania, f@0 Poland, 21 for Portugal, 22 for the
Russian Federation, 23 for Greece, 24 for Irela2®ifor Croatia, 26 for Slovenia, 27 for
Slovakia, 28 for Belarus, 29 for Estonia, 30 (vdgaBl for Bosnia and Herzegovina, 32 for
Latvia, 33 (vacant), 34 for Bulgaria, 35 (vaca, for Lithuania, 37 for Turkey38 (vacant),

39 for Azerbaijan, 40 for The former Yugoslav Repulic of Macedonia, 41 (vacant), 42 for
the European Community (Approvals are granted by i Member States using their
respective ECE symbol), 43 for Japan, 44 (vacan®d5 for Australia, 46 for Ukraine, 47 for
South Africa, 48 for New Zealand, 49 for Cyprus, 5@or Malta, 51 for the Republic of
Korea, 52 for Malaysia, 53 for Thailand, 54 and 55(vacant), 56 for Montenegro, 57
(vacant) and 58 for Tunisia Subsequent numbers shall be assigned to otltres in the
chronological order in which they ratify or accadehe Agreement Concerning the Adoption of
Uniform Technical Prescriptions for Wheeled Vehscl&quipment and Parts which can be
Fitted and/or be Used on Wheeled Vehicles and tiedfions for Reciprocal Recognition of
Approvals Granted on the Basis of these Prescriptiand the numbers thus assigned shall be
communicated by the Secretary-General of the Unitations to the Contracting Parties to the
Agreement.
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4.5.

4.6.

4.7.

4.8.

If the vehicle conforms to a vehicle type a@wed under one or more other
Regulations annexed to the Agreement in the countrigh has granted approval
under this Regulation, the symbol prescribed inagaph 4.4.1. need not be
repeated; in this case the Regulation and approuatbers and the additional
symbols of all the Regulations under which apprd\ad been granted in the country
which has granted approval under this Regulagiuall be placed in vertical columns
to the right of the symbol prescribed in Paragréghl.

The approval mark shall be clearly legible ahdll be indelible.

The approval mark shall be placed on or clogbe vehicle data plate affixed by the
Manufacturer.

Annex 2 to this Regulation gives examples of theragements of the approval
mark.

SPECIFICATIONS AND TESTS

5.1.

5.1.1.

5.1.1.1.

Protection against Electrical Shock

These electrical safety requirements apply to highvoltage buses under
conditions where they are not connected to externdligh voltage power supplies.

Protection against direct contact

The protection against direct contact with live pats shall comply with
paragraphs 5.1.1.1.and 5.1.1.2. These protections (solid insulator, ber,
enclosure, etc.) shall not be able to be openedsdssembled or removed without
the use of tools.

For protection of live parts inside the pesenger compartment or luggage
compartment, the protection degree IPXXD shall be pvided.



5.1.1.2.

5.1.1.3.

5.1.1.4.
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For protection of live parts in areas othethan the passenger compartment or
luggage compartment, the protection degree IPXXB il be satisfied.

Connectors
Connectors (including vehicle inlet) are deemed tmeet this requirement if:

(a)they comply with 5.1.1.1. and 5.1.1.2. when septed without the use of tools,
or

(b)they are located underneath the floor and are prvided with a locking
mechanism, or

(c)they are provided with a locking mechanism anather components shall be
removed with the use of tools in order to separatihne connector, or

(d)the voltage of the live parts becomes equal drelow DC 60V or equal or
below AC 30V (rms) within 1 second after the connégr is separated.

Service disconnect

For a service disconnect which can be opened, disambled or removed without
tools, it is acceptable if protection degree IPXXBs satisfied under a condition
where it is opened, disassembled or removed withotdols.




5.1.15. Markings

5.1.1.5.1. The symbol shown in Figure 1 shall appesor near the RESS. The symbol
background shall be yellow, the bordering and thevashall be black.

Figure 1 — Marking of high voltage equipment

5.1.1.5.2. The symbol shall also be visible on @nales and barriers, which, when removed
expose live parts of high voltage circuits. Thigyision is optional to any
connector for high voltage buses. This provisiballsnot apply to any of the
following cases:

(a) where barriers or enclosures cannot be phygicatcessed, opened, or
removed; unless other vehicle components are retnwith the use of tools

(b) where barriers or enclosures are located urddhrthe vehicle floor.

5.1.1.5.3. Cables for high voltage buses whicmatdocated within enclosures shall be
identified by having an outer covering with theaal orange.




5.1.2.

5.1.2.1.

5.1.2.2.

5.1.2.3.

Protection against indirect contact

For protection against electrical shock wbh could arise from indirect contact,
the exposed conductive parts, such as the condudaibarrier and enclosure,
shall be galvanically connected securely to the eleical chassis by connection
with electrical wire or ground cable, or by welding or by connection using bolts,
etc. so that no dangerous potentials are produced.

The resistance between all exposed conduetparts and the electrical chassis
shall be lower than 0.1 ohm when there is currenidw of at least 0.2 amperes.

This requirement is satisfied if the galvanic connetion has been established by
welding.

In the case of motor vehicles which are tended to be connected to the
grounded external electric power supply through theconductive connection, a
device to enable the galvanical connection of thdeetrical chassis to the earth
ground shall be provided.

The device should enable connection to the earth@und before exterior voltage
is applied to the vehicle and retain the connectioantil after the exterior voltage
is removed from the vehicle.

Compliance to this requirement may be demonstrateceither by using the
connector specified by the car manufacturer, or byanalysis.




5.1.3.

5.1.3.1.

5.1.3.2.

Isolation resistance
Electric power train consisting of sepata DC- or AC-buses

If AC high voltage buses and DC high voltage busemre galvanically isolated
from each other, isolation resistance between theidh voltage bus and the
electrical chassis shall have a minimum value of 0@ehms/volt of the working
voltage for DC buses, and a minimum value of 50Qehms/volt of the working
voltage for AC buses.

The measurement shall be conducted according to Aex 4 "isolation resistance

measurement method“era-method-eguivalentto-it

Electric power train consisting of combing DC- and AC-buses

If AC high voltage buses and DC high voltage busese galvanically connected
isolation resistance between the high voltage busi@ the electrical chassis shall
have a minimum value of 50@ehmsgvolt of the working voltage.

However, if all AC high voltage buses are protectedy one of the 2 following
measures, isolation resistance between the high tame bus and the electrical
chassis shall have a minimum value of 10Rehms/volt of the working voltage.

(a) Double or more layers of solid insulators, baiers or enclosures that meet
the requirement in paragraph 5.1.1. independently,for example wiring
harness

(b) Mechanically robust protections that have sufitient durability over vehicle
service life such as motor housings, electronic coerter cases or connectors.

The isolation resistance between the high voltageub and the electrical chassis
may be demonstrated by calculation, measurement @ combination of both.



5.1.3.3.

5.1.3.4.
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The measurement shall be conducted according to Aewm 4 "Isolation ‘

Resistance Measurement Method'bra-method-eguivalentto-it.

Fuel cell vehicles

If the minimum isolation resistance requirement camot be maintained over
time, then protection shall be achieved by any of theofiowing:

(a) Double or more layers of solid insulators, baiiers or enclosures that meet
the requirement in paragraph 5-1-1 independently.

(b) On-board isolation resistance monitoring systentogether with a warning to
the driver if the isolation resistance drops belowthe minimum required
value. The isolation resistance between the high Kage bus of the coupling
system for charging the RESS, which is not energidebesides during
charging the RESS, and the electrical chassis needt to be monitored. The
function of the on-board isolation resistance mondring system shall be
confirmed as described in Annex 5.

Isolation resistance requirement for theaupling system for charging the RESS

For the vehicle inlet intended to be conductively annected to the grounded
external AC power supply and the electrical circuit that is galvanically

connected to the vehicle inlet during charging of e RESS, the isolation
resistance between the high voltage bus and the etiecal chassis shall be at
least 1 MQ-—ehms when the charger coupler is disconnected. Duringhe |
measurement, the traction battery may be disconneetl.




5.2.

5.2.1.

5.2.2.

5.3.

Protection against excessive current
The RESS shall not overheat.

If the RESS is subject to overheating due to excegs current, it shall be
equipped with a protective device such as fuses,raiit breakers or main
contactors.

However, the requirement may not apply if the manucturer supplies data that
ensures overheating from excessive current is premted without the protective
device.

Accumulation of gas

Places for containing open type traction battery tht may produce hydrogen gas
shall be provided with a ventilation fan or a ventiation duct to prevent the
accumulation of hydrogen gas.

Functional safetyeguirements

At least a momentary indication shallbe given to the driver when the vehicle is
in "active driving possible mode".

However, this provision does not apply under condibns where an internal
combustion engine provides directly or indirectly he vehicle’s propulsion power.

When leaving the vehicle, the driver shall be infaned by a signal (e.g. optical or
audible signal) if the vehicle is still in the actie driving possible mode.

If the on-board RESS can be externally charged byhe user, vehicle movement
by its own propulsion system shall be impossible dsng as the connector of the
external electric power supply is physically connded to the vehicle inlet.
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This requirement shall be demonstrated by using theonnector specified by the
car manufacturer.

The state of the drive direction control unit shallbe identified to the driver.




5.4.

5.4.1.

5.4.2.

5.4.3.

5.4.4.

5.4.5.

5.4.6.

5.4.7.

5.4.8.

5.4.9.

5.4.10.

6.1.

Determination of Hydrogen Emissions

This test shall be carried out on all vehiclesigged with open type traction
batteries.

The testshall be conducted following the method described in Aniexo the
present Regulation. The hydrogen sampling and aisadpallbe the ones prescribed.
Other analysis methods can be approved if it issgmothat they give equivalent
results.

During a normal charge procedure in the conditigiven in Annex 7, hydrogen
emissions shalbe below 125 g during 5 h, or below 25tduring % (in h).

During a charge carried out by an on-board chapgesenting a failure (conditions
given in Annex 7), hydrogen emissiosBall be below 42 g. Furthermore the on-
board charger shdimit this possible failure to 30 minutes.

All the operations linked to the battery chargiage controlled automatically,
included the stop for charging.

It shall not be possible to take a manual cortfdhe charging phases.

Normal operations of connection and disconnediothe mains or power cushall
not affect the control system of the charging phases.

Important charging failures shalé permanently signaled to the driver. An important
failure is a failure that can lead to a disfuncitmgnof the on-board charger during
charging later on.

The manufacturer has to indicate in the owner'siuak the conformity of the
vehicle to these requirements.

The approval granted to a vehicle type relativehy@lrogen emissions can be
extended to different vehicle types belonging ® $hme family, in accordance with
the definition of the family given in Annex 7, Appaix 2.

MODIFICATION AND EXTENSION OF THE TYPE APPROVALFOR
VEHICLE TYPE

Every modification of the vehicle type shak Imotified to the administrative
department which approved the vehicle type. Thedepent may then either:



6.1.1.

6.1.2.

6.2.

6.3.

7.1.

7.2

7.3.

7.3.1.

7.3.2.

7.3.3.

7.3.4.

7.3.5.

7.3.6.
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Consider that the modifications made arékely to have an appreciable adverse
effect and that in any case the vehicle still coagpWith the requirements or

Require a further test report from the técdl service responsible for conducting the
tests.

Confirmation or refusal of approval, specityiihe alteration, shall be communicated
by the procedure specified in Paragraph 4.3. albovbe Parties to the Agreement
applying this Regulation.

The competent Authority issuing the extension oprapal shall assign a series
number for such an extension and inform thereof dtteer Parties to the 1958
Agreement applying the Regulation by means of ansamication form conforming
to the model in Annex 1 to this Regulation.

CONFORMITY OF PRODUCTION

Every vehicle approved under this Regulatiballsbe so manufactured as to
conform to the type approved by meeting the requargs set out in Paragraph 5
above.

In order to verify that the requirements ofdmaph 7.1 are met, suitable controls of
the production shall be carried out.

The holder of the approval shall, in particular:
Ensure the existence of procedures forffieetare quality control of vehicles;

Have access to the testing equipment nagefssachecking the conformity of each
approved type;

Ensure that test result data are recordedttast the annexed documents remain
available for a period to be determined in agregmeith the administrative
department;

Analyse the results of each type of testrder to verify and ensure the consistency
of characteristics of the vehicle, making allowarioe permissible variations in
industrial production;

Ensure that for each type of vehicle attléaes tests prescribed in Paragraph 5 of
this Regulation are carried out;

Ensure that any set of samples or test pigisng evidence of non-conformity with
the type of test in question shall give rise taidhfer sampling and test. All necessary
steps shall be taken to-establish conformity of the corresponding productio
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7.4.

7.4.1.

7.4.2.

7.4.3.

7.4.4.

7.4.5.

8.1.

8.2.

10.

The competent Authority which has granted type ayglrmay at any time verify the
conformity control methods applied in each produrctinit.

At every inspection, the test records amdipction records shall be presented to the
visiting inspector.

The inspector may take samples at randorbetdested in the Manufacturer's
laboratory. The minimum number of samples may kerdened according to the
results of the Manufacturer's own checks.

When the quality level appears unsatisfgotorwhen it seems necessary to verify
the validity of the tests carried out in applicatiof Paragraph 7.4.2., the inspector
shall select samples to be sent to the technicaiceewhich has conducted the type
approval tests.

The competent Authority may carry out arsy feescribed in this Regulation.

The normal frequency of inspections by tbhenpgetent Authority shall be one per
year. If unsatisfactory results are recorded dudng of these visits, the competent
Authority shall ensure that all necessary stepsaken to re-establish the conformity
of production as rapidly as possible.

PENALTIES FOR NON-CONFORMITY OF PRODUCTION

The approval granted in respect of a vehicle tppesuant to this Regulation may be
withdrawn if the requirements laid down in paradgrdpabove are not complied with,
or if the vehicle or its components fail to pass tkests provided for in
Paragraph 7.3.5. above.

If a Contracting Party to the Agreement apmgythis Regulation withdraws an
approval it has previously granted, it shall foritiwso notify the other Contracting
Parties applying this Regulation, by means of aroamication form conforming to
the Model in Annex 1 to this Regulation.

PRODUCTION DEFINITIVELY DISCONTINUED

If the holder of the approval completely ceasesnnufacture a type of vehicle
approved in accordance with this Regulation, hd sbainform the Authority which

granted the approval. Upon receiving the relevamwhraunication, that Authority
shall inform thereof the other Contracting Partieshe 1958 Agreement applying
this Regulation by means of a communication formfeoning to the model in

Annex 1 to this Regulation.

NAMES AND ADDRESSES OF TECHNICAL SERVICES RESREIBLE FOR
CONDUCTING APPROVAL TESTS, AND OF ADMINISTRATIVE
DEPARTMENTS



11.

11.1.

11.2.

11.3.

11.4.

11.5.
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The Contracting Parties to the 1958 Agreement applyhis Regulation shall
communicate to the United Nations Secretariat thmes and addresses of the
technical services responsible for conducting apgdrtests and the administrative
departments which grant approval and to which forcestifying approval or
extension or refusal or withdrawal of approval avdquction definitely discontinued,
issued in other countries are to be sent.

TRANSITIONAL PROVISIONS

As from the official date of entry into forceof the 01 series of amendments, no
Contracting Party applying this Regulation shall rduse to grant approval under
this Regulation as amended by the 01 series of antknents.

As from [36] months after the date of entry into force, Contrating Parties |
applying this Regulation shall grant approvals onlyif the vehicle type to be
approved meets the requirements of this Regulatioas amended by the 01 series
of amendments.

Contracting Parties applying this Regulatiorshall not refuse to grant extensions
of approval to the preceding series of amendments this Regulation.

Contracting Parties applying this Regulatiorshall continue to grant approvals
to those types of vehicles which comply with the qaiirements of this Regulation
as amended by the preceding series of amendmentsrihg the [36] months' |
period which follows the date of entry into force bthe 01 series of amendments.

Notwithstanding the transitional provisions &ove, Contracting Parties whose
application of this Regulation comes into force aér the date of entry into force
of the most recent series of amendments are not aipgtd to accept approvals
which were granted in accordance with any of the prceding series of
amendments to this Regulation.



ECE/TRANS/WP.29/GRSP/2009/16
page 20

Annex 1

(maximum format: A4 (210 x 297 mm))

COMMUNICATION

issued by: Name of administration:

Concerning : 2 APPROVAL GRANTED,
APPROVAL EXTENDED,
APPROVAL REFUSED,
APPROVAL WITHDRAWN,
APPROVAL DEFINITELY DISCONTINUED,

of a road vehicle pursuant to Regulation No. 100

Approval No. ........ Extension No. ........

1 Trade name or mark of the VehiCle: ...
2 RV g1 Tod T= N 1Y o1 PORRPPPPPPP
3 AV /=] g e T o= 1T (0] o VPSSR
4. Manufacturer's Nname and AdUIESS: .......coummmmmrrrrreeieeeiieiieeiiiii e e
5 If applicable, name and address of manufacturepresentative: .............cccoeeeeveevs .
6 Description oOf the VENICIE:.........coo i
6.1 RIS S By P . ettt e e e e et e e e e e e neeera e aaaee
6.2 LAV eT g (] g o V0] 1 ¢= Vo [ OSSR RUSRRRPPP
6.3 Propulsion system (e.g. hybrid, €leCtriC):........oouuuuumiiiiiiii e
7. Vehicle submitted for approval ON: ... e
8. Technical service responsible for conducting ap@lreests: ............ooooiiiiiiiiiiiiiins s o
9. Date of report issued by that SEIVICE: ...
10. Number of report issued by that SEIVICE: ...
11. Location of the approval Mark: ...

12. Reason(s) for extension of approval (if applicaBle...............ccoeiiiiiieee,



13.
14.
15.
16.

Notes

2

I

page 21
Approval granted/extended/refused/wWithdrawin.2............cccooveeiiiieiiiiiiiiieiccee e,
o = o PP PPPPPPPPPPPPRP
DA e —————— et et e e e et e e e e e e e nn i aeeeennn
I [ = [

The documents filed with the request for appraraxtension may be obtained
on request.

Distinguishing number of the country which haarged/extended/refused/withdrawn
approval (see approval provisions in the Regulation
Strike out what does not apply.
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Annex 2
ARRANGEMENTS OF APPROVAL MARKS

Model A
(see paragraph 4.4. of this Regulation)

»

>
'
]
<15

100 R - 012492 ~

r
h
—

2]

a =8 mm min.

The above approval mark affixed to a vehicle shtved the road vehicle type concerned has
been approved in the Netherlands (E4), pursuaRegulation No. 100, and under the approval
number012492 The first two digits of the approval number iratie that the approval was

granted in accordance with the requirements of Réign No. 100 as amended By series of
amendments

Model B
(see paragraph 4.5. of this Regulation)

_ 100 | 012492
By 42 00 1628

ralo

»
Mol

it |
T

a =8 mm min.

The above approval mark affixed to a vehicle shtved the road vehicle concerned has been
approved in the Netherlands (E4) pursuant to Réigauks Nos. 100 and 42/.* The approval
number indicates that, at the dates when the raégpeapprovals were granted, Regulation

No. 100 was amended by tid series of amendments and Regulation No. 42 wHdrsiis
original form.

*/ The latter number is given only as an example.
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Annex 3
Extractfrom-the IEC 529 Standard{1989)

PROTECTION AGAINST DIRECT CONTACTS OF PARTS UNDERNTAGE

1. Access probes

Access probes to verify the protection of personsgainst access to live parts are|
given in table 1.







2.2
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Test conditions
The access probe is pushed against any openirigse ehclosure with the force specified

in table 1. If it partly or fully penetrates, it jdaced in every possible position, but in no
case shall the stop face fully penetrate througtoftening.

Internal barriers are considered part of the enctoas—defined—inparagraph—1-1-—

A low-voltage supply (of not less than 40 V and nahore than 50 V) in series with a
suitable lamp should be connected, if necessary, theen the probe and live parts
inside the barrier or enclosure.

The signal-circuit method should also be applied tahe moving live parts of high
voltage equipment.

Internal moving parts may be operated slowly, wherehis is possible.
Acceptance conditions

The access probe shall not touch live parts.
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If this requirement is verified by a signal circuit between the probe and live parts,
the lamp shall not light.

In the case of the test for IPXXB, the jointed testinger may penetrate to its 80 mm
length, but the stop face (diameter 50 mm x 20 mmghall not pass through the
opening. Starting from the straight position, bothjoints of the test finger shall be
successively bent through an angle of up to 90 dexg with respect to the axis of the
adjoining section of the finger and shall be placeth every possible position.

In case of the tests for IPXXD, the access probe maenetrate to its full length, but
the stop face shall not fully penetrate through thepening.
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Table 1- Access probes for the tests for protection o$@es against access to hazardous parts

Firast mu-| Addit. Access probe Test force
mera letter (Dimensions in mm)
2 B Jointed test finger
Slop face
~=— (& 50 x 20)
[t}
L
[}
1
See Fig.17T i :[E" 10 N + 10 %
for full
dimensions

; Joinéd test finger
{Metal)

Insulating material ——— 80—y

4,5, 6 D Test wire 1.0 mm diameter, 100 mm long
83
[}
Sphere 35 £0.2 r1:_$ =
—— Appros. 100 - — 002~ E’I
=l ; ; i
y — — 1TH+10 %
S T Rigid test wite I
iInsulating material) ! iMetal]  Eages free

Stop face fram burrs
(Insulating materialy
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Figure 1- Jointed test finger
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Material: metal, except where otherwise specified
Linear dimensions in millimeters
Tolerances on dimensions without specific tolerance

(a) on angles: 0/-10°
(b) on linear dimensions: up to 25 mm: 0/-0.05 mmar®?5 mm=0.2 mm

Both joints shall permit movement in the same pland the same direction through an angle
of 90° with a 0 to +10° tolerance.
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Annex 4

ISOLATION RESISTANCE MEASUREMENT METHOD
General

The isolation resistance for each high voltage busf the vehicle shall be
measured or shall be determined by calculation usgnmeasurement values from
each part or component unit of a high voltage bushereinafter referred to as the
"divided measurement").

Measurement Method

The isolation resistance measurement shall be concked by selecting an
appropriate measurement method from among those lied in Paragraphs 2.1.
through 2.2., depending on the electrical charge dhe live parts or the isolation
resistance, etc.

The range of the electrical circuit to be measuredhall be clarified in advance,
using electrical circuit diagrams, etc.

Moreover, modification necessary for measuring thésolation resistance may be
carried out, such as removal of the cover in ordeto reach the live parts,
drawing of measurement lines, change in softwarefe

In cases where the measured values are not stablaedto the operation of the
on-board isolation resistance monitoring system, et, necessary modification for
conducting the measurement may be carried out, suclas stopping of the
operation of the device concerned or removing it. irthermore, when the device
Is removed, it shallbe proven, using drawings, etc., that it will not bange the
isolation resistance between the live parts and thadectrical chassis.

Utmost care shallbe exercised as to short circuit, electric shockte, for this
confirmation might require direct operations of the high-voltage circuit.

Measurement method using DC voltage from offehicle sources

Measurement instrument

An isolation resistance test instrument capable applying a DC voltage higher
than the working voltage of the high voltage bus sl be used.

Measurement method

An insulator resistance test instrument shall be amected between the live parts
and the electrical chassis. Then, the isolation ressance shall be measured by
applying a DC voltage at least half of the workingvoltage of the high voltage
bus.
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2.2.
2.2.1.

2.2.2.

2.2.3.
2.2.3.1.

If the system has several voltage ranges (e.g. basa of boost converter) in

galvanically connected circuit and some of the congments cannot withstand the

working voltage of the entire circuit, the isolation resistance between those
components and the electrical chassis can be measdrseparately by applying

at least half of their own working voltage with these component disconnected.

Measurement method using the vehicle’s own RESas DC voltage source

Test vehicle conditions

The high voltage-bus shall be energized by the veié’'s own RESS and/or
energy conversion system and the voltage level diet RESS and/or energy
conversion system throughout the test shall be aeast the nominal operating
voltage as specified by the vehicle manufacturer.

Measurement instrument

The voltmeter used in this test shall measure DC W#es and shall have an
internal resistance of at least 10 M.

Measurement method

First step

The voltage is measured as shown in Figure 1 andedhigh voltage Bus voltage
(Vb) is recorded. Vb shall be equal to or greaterian the nominal operating
voltage of the RESS and/or energy conversion systeams specified by the vehicle
manufacturer.

Electrical Chassis

Energy Conversion I
System Assembly V2 RESS Assembly

High Voltage Bus l | |

Traction System I |

Electrical Chassis

Figure 1: Measurement of Vb, V1, V2
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Second step

Measure and record the voltage (V1) between the native side of the high
voltage bus and the electrical chassis (see Figutg

Third step

Measure and record the voltage (V2) between the pitise side of the high
voltage bus and the electrical chassis (see Figutg

Fourth step

If V1 is greater than or equal to V2, insert a stadard known resistance (Ro)
between the negative side of the high voltage busdthe electrical chassis. With
Ro installed, measure the voltage (V1') between theegative side of the high
voltage bus and the electrical chassis (see Figuze

Calculate the electrical isolation (Ri) according® the following formula:
Ri = Ro*(Vb/V1' - Vb/V1) or Ri=Ro*Vb*(1/V1 4/V1)

Electrical Chassis

Energy Conversion
System Assembly RESS Assembly

| | High Voltage Bus | |

Energy

Conversio | Traction System I |

Electrical Chassis

Figure 2: Measurement of V1’

If V2 is greater than V1, insert a standard known esistance (Ro) between the
positive side of the high voltage bus and the eleial chassis. With Ro installed,
measure the voltage (V2’) between the positive siag the high voltage bus and
the electrical chassis. (See Figure 3). Calculatdne electrical isolation (Ri)
according to the formula shown. Divide this electgal isolation value (inQehms) |
by the nominal operating voltage of the high voltag bus (in volts).
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Calculate the electrical isolation (Ri) according® the following formula:

Ri = Ro*(Vb/V2' — Vb/V2) or Ri= Ro*Vb*(1/V2’ -1/V2)

Electrical Chassis

Energy Conversion I R

System Assembly 0 RESS Assembly
I ............... : ) V2' ................ 3
. | High Voltage Bus 1 | |
! | ! |

: ! + :
! I | |
: | Traction System : |
! i ! |
! | ! |
! | | i
S 1 L I

Electrical Chassis

Figure 3: Measurement of V2’

2.2.3.5. Fifth step

The electrical isolation value Ri (inQehms) divided by the working voltage of
the high voltage bus (in volts) results in the isation resistance (in
QohmdVvelt).

INOTE 1. The standard known resistance Ro (iQehms) should be the
value of the minimum required isolation resistance (in
QohmdV) multiplied by the working voltage of the vehick
plus/minus 20 per cent (in volts). Ro is not requed to be
precisely this value since the equations are valitbr any Ro;
however, a Ro value in this range should provide ga
resolution for the voltage measurements.

MEASUREMENTOFTHEINSULAHON RESISTANCE USINGTHERACHON

The traction battery shall be fully charged
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- - = 7 7 7

POWESR TRAIN l

ELECTRICAL/ THASSIS

RO

if v < v

where Roisaresistance of 500-S/V
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Annex 5

CONFIRMATION METHOD FOR FUNCTIONS OF ON-BOARD ISOLA TION
RESISTANCE MONITORING SYSTEM

The function of the on-board isolation resistance wnitoring system shall be confirmed by
the following methodera-method-eguivalentto-it |

Insert a resistor that does not cause the isolatioresistance between the terminal being
monitored and the electrical chassis to drop belowhe minimum required isolation
resistance value. The warning shall be activated.
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Annex 6

ESSENTIAL CHARACTERISTICS OF ROAD VEHICLES OR SYEMS

1. General

1.1. Make (trade name-ermaskmanufacturer): .........ccccevvvvviiiiiiii e,
1.2. BRI T WP e a e
1.3. [V /=] g 1o L= o= 1Yo [0} o R
14 Commercial name(s) if available:............oooo s
1.5. Manufacturer's name and addreSS: ........occcccceeeeririiiiiiiiiree e e e e e e e e e e
1.6. If applicable, name and address of manufacturgpiesentative: ..............ccoevvvveeenen.

17

1.7. Drawing and/or photograph of the VEhICle: ..o oooeeeeeiii e,
2. Electric motor (traction motor)

2.1. Type (WINding, EXCILATION): ..coooe e e e as
2.2. Maximum hourly OUtPUL (KW): .o e e e
2. Description of motor(s)

21 Maker e
29 Tvnea:

[y =nx rJ\/- ----------------------------------------------------------------------------------------------------------------------
212 AMarlkina nrinecinla:

o \J. VV.UI l\IIIs PIII l\JlPl\l --------------------------------------------------------------------------------------------------

3. FractionBattery(if RESS is battery)

3.1. Trade name and mark of the battery: ...
3.2. Indication of all types of electro-chemicakeuples-usedells: ...........ccccooeeeeriinnnn.
3.3. N\ o] g1 F= UV o] [ 7= To TN (Y

3.4. Number of battery CeIIS: ... e e
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3.5. Gas combination rate (IN Per CEN) . ..uu e
3.6. Type(s) of ventilation for battery module/paek:. L............ccooeeiiiiiiiiiiiiiicciiieee e,
3.7. Type of cooling System (if @NY): ......eee e
3.8. (@1 o = o3 1 Y A 2 )

5. Fuse and/or circuit breaker

5.1. 11D/ 0L PP UPPRTRUPPIN
5.2. Diagram showing the functional range: ...
6. Power wiring harness

6.1. I3/ 0L PP PPTPPPPTRUPRIN
7. Protection against Electric Shock

7.1 Description of the ProteCtion CONCEPL:.....cooiiiiie i
8. Additional data

8.1 Brief description of the power circuit components mstallation or

drawings/pictures showing the location of the powercircuit components
113 = 11 = o] o o PRTRPTPPRRPUPPPP
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8.2 Schematic diagram of all electrical functionsnicluded in power circuit: ..............
8.3. VT (T o TRV €= Vo TN (Y
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Annex 7

DETERMINATION OF HYDROGEN EMISSIONS
DURING THE CHARGE PROCEDURES OF THE TRACTION BATTER

INTRODUCTION

This annex describes the procedure for the detation of hydrogen emissions
during the charge procedures of the traction battdr all battery—eleetricroad
vehicles, according to paragrapH.5of this Regulation.

DESCRIPTION OF TEST

The hydrogen emission test (Figure 7.1) is coretuigt order to determine hydrogen
emissions during the charge procedures of theidradiattery with the on-board

charger. The test consists in the following steps:

(@) vehicle preparation,

(d) determination of hydrogen emissions during argé carried out with the
on-board charger failure.

(b) discharge of the traction battery,

(c) determination of hydrogen emissions during amab charge,

VEHICLE

The vehicleshall be in good mechanical condition and have beeredrat 300 km
during seven days before the test. The velshkdl be equipped with the traction
battery subject to the test of hydrogen emissioner this period.

If the battery is used at a temperature altbgeambient temperature, the operator
shall follow the manufacturer's procedure in order teegkehe traction battery
temperature in normal functioning range.

The manufacturer's representatigball be able to certify that the temperature
conditioning system of the traction battery is heit damaged nor presenting a
capacity defect.
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Figure 7.1

Determination of hydrogen emissions during
the charge procedures of the traction battery

START

Vehicle preparation
(if necessary)

!

e

-

Discharge of the traction battery
Ambient temperature 293 to 303 K

J

|

12 to
36 h

Soak

!

Hydrogen emission test

during a normal charge

!

Discharge of the traction battery
Ambient temperature 293 to 303 K

12 to
36 h

N N Y

Soak

|

d

e )

Hydrogen emission test
uring an on-board charger failure
Ambient temperature 293 K + 2 K

—_

|

END

Maximum 7 days

Maximum 15 min

Maximum 2 min after
connection to mains

Maximum 7 days

Maximum 15 min

Maximum 2 min after
connection to mains
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TEST EQUIPMENT FOR HYDROGEN EMISSION TEST
Chassis dynamometer.

The chassis dynamomet&rall meet the requirements of the 05 series of amentdmen
to Regulation No. 83.

Hydrogen emission measurement enclosure.

The hydrogen emission measurement enclosirall be a gas-tight measuring
chamber able to contain the vehicle under teste Viéhicleshall be accessible from
all sides and the enclosure when sealgall be gas-tight in accordance with appendix
1 to this annex. The inner surface of the enclslrall be impermeable and
non-reactive to hydrogen. The temperature conditp systemshall be capable of
controlling the internal enclosure air temperatiaréollow the prescribed temperature
throughout the test, with an average tolerance 2kzover the duration of the test.

To accommodate the volume changes due to enclbsuai®gen emissions, either a
variable-volume or another test equipment may bedus The variable-volume
enclosure expands and contracts in response tohydeogen emissions in the
enclosure. Two potential means of accommodatiegiriternal volume changes are
movable panels, or a bellows design, in which impEble bags inside the enclosure
expand and contract in response to internal presshainges by exchanging air from
outside the enclosure. Any design for volume acduoodationshall maintain the
integrity of the enclosure as specified in Appentlio this annex.

Any method of volume accommodatiaghall limit the differential between the
enclosure internal pressure and the barometricspreso a maximum value of + 5
hPa.

The enclosureshall be capable of latching to a fixed volume. A vialgavolume
enclosureshall be capable of accommodating a change from its Imainvolume™
(see Annex 7, Appendix 1, paragraph 2.1.1.), takitg account hydrogen emissions
during testing.

Analytical systems.
Hydrogen analyzer.

The atmosphere within the chamber is roogut using a hydrogen analyser
(electrochemical detector type) or a chromatograpkh thermal conductivity
detection. Sample gahall be drawn from the mid-point of one side-wall oofrof

the chamber and any bypass flshall be returned to the enclosure, preferably to a
point immediately downstream of the mixing fan.

The hydrogen analys&hall have a response time to 90 per cent of final repdf
less than 10 seconds. Its stabibtyall be better than 2 per cent of full scale at zero
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4.3.1.3.

4.3.1.4.

4.3.2.

4.4.

4.4.1.

4.4.2.

4.4.3.

4.4.4.

4.4.5.

4.5.

4.5.1.

4.5.2.

4.5.3.

and at 80 per cent £20 per cent of full scale,ro&el5-minute period for all
operational ranges.

The repeatability of the analyser expreesseone standard deviatishall be better
than 1 per cent of full scale, at zero and at 80cpat + 20 per cent of full scale on all
ranges used.

The operational ranges of the analgbalfl be chosen to give best resolution over the
measurement, calibration and leak checking proesdur

Hydrogen analyser data recording system

The hydrogen analysshall be fitted with a device to record electrical sigoatput,
at a frequency of at least once per minute. Therditg systenshall have operating
characteristics at least equivalent to the sigmahd recorded anghall provide a
permanent record of results. The recordsi@ll show a clear indication of the
beginning and end of the normal charge test andyoiwafailure operation.

Temperature recording

The temperature in the chamber is recordev@ points by temperature sensors,
which are connected so as to show a mean valuemBasuring points are extended
approximately 0.1 m into the enclosure from theigal centre line of each side-wall
at a height of 0.9 £ 0.2 m.

The temperatures of the battery modulesea@ded by means of the sensors.

Temperatureshall, throughout the hydrogen emission measurement®doeded at a
frequency of at least once per minute.

The accuracy of the temperature recordirggesyshall be within £ 1.0 K and the
temperaturshall be capable of being resolved to £ 0.1 K.

The recording or data processing systemall be capable of resolving time
to £ 15 seconds.

Pressure recording
The differencAp between barometric pressure within the test anelathe enclosure
internal pressurshall, throughout the hydrogen emission measurementseedoeded

at a frequency of at least once per minute.

The accuracy of the pressure recording systieall be within + 2 hPa and the
pressureshall be capable of being resolved to £ 0.2 hPa.

The recording or data processing systemall be capable of resolving time
to £ 15 seconds.
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Voltage and current intensity recording

The on-board charger voltage and currernsgity (battery)shall, throughout the
hydrogen emission measurements, be recorded aqgaeincy of at least once per
minute.

The accuracy of the voltage recording systball be within £ 1V and the voltage
shall be capable of being resolved to + 0.1 V.

The accuracy of the current intensity recyéystenshall be within £ 0.5 A and the
current intensityshall be capable of being resolved to £ 0.05 A.

The recording or data processing systeall be capable of resolving time to + 15
seconds.

Fans

The chambeshall be equipped with one or more fans or blowers wiffossible flow

of 0.1 to 0.5 n¥second in order to thoroughly mix the atmosphertéhé enclosure. It
shall be possible to reach a homogeneous temperaturbyandgen concentration in
the chamber during measurements. The vehiclesieticlosurshallnot be subjected
to a direct stream of air from the fans or blowers.

Gases

The following pure gassbkall be available for calibration and operation:

(a) purified synthetic air (purity <1 ppm C1 equivaterl ppm CO; <400 ppm C
<0.1 ppm NO ); oxygen content between 18 and 2t @etr by volume,

(b) hydrogen ( H), 99.5 per cent minimum purity.

Calibration and span gas&sall contain mixtures of hydrogen (H2) and purified
synthetic air. The real concentrations of a catibn gasshall be within £ 2 per cent
of the nominal values. The accuracy of the dilujedes obtained when using a gas
divider shall be within + 2 per cent of the nominal value. Toacentrations specified
in appendix 1 may also be obtained by a gas diwidarg synthetic air as the dilution
gas.

TEST PROCEDURE

The test consists in the five following steps:

(&) vehicle preparation,

(b) discharge of the traction battery,
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5.1.

5.1.1.

5.1.2.

(c) determination of hydrogen emissions during a norrhalge,
(d) discharge of the traction battery,

(e) determination of hydrogen emissions during a ohargrried out with the on-
board charger failure.

If the vehicle has to be moved between two stiéghall be pushed to the following
test area.

Vehicle preparation

The ageing of traction battespall be checked, proving that the vehicle has performed
at least 300 km during seven days before the @sting this period, the vehickhall

be equipped with the traction battery submitteth® hydrogen emission test. If this
cannot be demonstrated then the following procediltde applied.

Discharges and initial charges of the byatter

The procedure starts with the discharge of thetitna battery of the vehicle while
driving on the test track or on a chassis dynamemat a steady speed of 70 per
cent + 5 per cent of the maximum speed of the Veltiaring 30 minutes.

Discharging is stopped:

(@) when the vehicle is not able to run at 65 @t ©of the maximum thirty minutes
speed, or

(b) when an indication to stop the vehicle is giverthe driver by the standard on-
board instrumentation, or

(c) after having covered the distance of 100 km.

Initial charge of the battery

The charge is carried out:

(@) with the on-board charger,

(b) in an ambient temperature between 293 K and303
The procedure excludes all types of external chrarge

The end of traction battery charge criteria coroesls to an automatic stop given by
the on-board charger.
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5.4.5.

5.4.6.
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This procedure includes all types of special chart@t could be automatically or
manually initiated like, for instance, the equdiisa charges or the servicing charges.

Procedure from paragraphs 5.1.1. to 5shall be repeated two times.

Discharge of the battery

The traction battery is discharged while driving the test track or on a chassis
dynamometer at a steady speed of 70 per cent  &gp¢ from the maximum thirty
minutes speed of the vehicle.

Stopping the discharge occurs:

(a) when an indication to stop the vehicle is gitverthe driver by the standard on-
board instrumentation, or

(b) when the maximum speed of the vehicle is lothhan 20 km/h.
Soak

Within fifteen minutes of completing the battengaharge operation specified in 5.2.,
the vehicle is parked in the soak area. The vehiglgarked for a minimum
of 12 hours and a maximum of 36 hours, betweenetid of the traction battery
discharge and the start of the hydrogen emisssindigring a normal charge. For this
period, the vehiclshall be soaked at 293 K + 2 K.

Hydrogen emission test during a normal charge.

Before the completion of the soak period, ieasuring chambshall be purged for
several minutes until a stable hydrogen backgrosimitained. The enclosure mixing
fan(s)shall also be turned on at this time.

The hydrogen analyssrall be zeroed and spanned immediately prior to the tes

At the end of the soak, the test vehicléhwhe engine shut off and the test vehicle
windows and luggage compartment operstthll be moved into the measuring
chamber.

The vehicleshall be connected to the mains. The battery is chasgedrding to
normal charge procedure as specified in paragrapii Below.

The enclosure doors are closed and seatetigid within two minutes from electrical
interlock of the normal charge step.

The start of a normal charge for hydrogenssion test period begins when the
chamber is sealed. The hydrogen concentratiorpaeature and barometric pressure
are measured to give the initial readings;CT; and Rfor the normal charge test.
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5.4.7.

5.4.8.

5.4.9.

5.5.

5.5.1.

5.5.2.

5.5.3.

5.5.4.

5.5.5.

These figures are used in the hydrogen emissitculation (paragraph 6.). The
ambient enclosure temperaturesfall not be less than 291 K and no more than 295 K
during the normal charge period.

Procedure of normal charge

The normal charge is carried out with the on-boendrger and consists of the
following steps:

(@) Charging at constant power during t

(b) Over-charging at constant current during ©ver-charging intensity is specified
by manufacturer and corresponds to the one usadgdequalisation charging.

The end of traction battery charge criteria coroesis to an automatic stop given by
the on-board charger to a charging time,of t. This charging time will be limited
to t + 5 h, even if a clear indication is given to tbdver by the standard
instrumentation that the battery is not yet fulhaoged.

The hydrogen analysdnall be zeroed and spanned immediately before the et o
test.

The end of the emission sampling period cgu+ t, or t; + 5 h after the beginning
of the initial sampling, as specified in paragr&ph.6. The different times elapsed are
recorded. The hydrogen concentration, temperatm@ barometric pressure are
measured to give the final readings,CT; and R for the normal charge test, used for
the calculation in paragraph 6.

Hydrogen emission test with the on-board okrafgjlure

Within seven days maximum after having catgal the prior test, the procedure starts
with the discharge of the traction battery of tledicle according to paragraph 5.2.

The steps of the procedure in paragrapktaB be repeated.

Before the completion of the soak period, tieasuring chambshall be purged for
several minutes until a stable hydrogen backgrosimitained. The enclosure mixing
fan(s)shall also be turned on at this time.

The hydrogen analyssrall be zeroed and spanned immediately prior to the tes
At the end of the soak, the test vehicléhwhe engine shut off and the test vehicle

windows and luggage compartment operstthll be moved into the measuring
chamber.



5.5.6.

5.5.7.

5.5.8.

5.5.9.

5.5.10.

5.5.11.
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The vehicleshall be connected to the mains. The battery is chaagedrding to
failure charge procedure as specified in parag&pl®. below.

The enclosure doors are closed and seagetigid within two minutes from electrical
interlock of the failure charge step.

The start of a failure charge for hydrogenission test period begins when the
chamber is sealed. The hydrogen concentratiorpaeature and barometric pressure
are measured to give the initial readings;CT; and R for the failure charge test.

These figures are used in the hydrogen emissitculation (paragraph 6). The
ambient enclosure temperaturesfall not be less than 291 K and no more than 295 K
during the charging failure period.

Procedure of charging failure

The charging failure is carried out with the oratwb charger and consists of the
following steps:

(@) Charging at constant power during t'

(b) Charging at maximum current during 30 minutBsiring this phase, the on-board
charger is blocked at maximum current.

The hydrogen analyssrall be zeroed and spanned immediately before the fetine o
test.

The end of test period occurs#' 30 minutes after the beginning of the initial
sampling, as specified in paragraph 5.5.8. Theediralapsed are recorded. The
hydrogen concentration, temperature and baromgteissure are measured to give the
final readings Gyr, Tr and R for the charging failure test, used for the catoh in
paragraph 6.

CALCULATION

The hydrogen emission tests described in paragbaphow the calculation of the
hydrogen emissions from the normal charge and aigrfgilure phases. Hydrogen
emissions from each of these phases are calculatag the initial and final hydrogen
concentrations, temperatures and pressures in rtbleseire, together with the net
enclosure volume.

The formula below is used:
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6.1.

V
(1+2)xCy xP
M,|2=k><V><10_4>< V _CHZixPi
T T

where:
My2 = hydrogen mass, in grams
Cu2 = measured hydrogen concentration in the enclogupgm volume
\% = net enclosure volume in cubic metres)orrected for the

volume of the vehicle, with the windows and thgdage compartment open.

If the volume of the vehicle is not determined duwze of 1.42 m3 is

subtracted.
Vout = Compensation volume in m3, at the test tempegatnd pressure
T = ambient chamber temperature, in K
P = absolute enclosure pressure, in kPa
k = 242
where: iis the initial reading

fis the final reading
Results of test.

The hydrogen mass emissions for the vehicle are:
MN = hydrogen mass emission for normal charge tegftams

MD = hydrogen mass emission for charging failust,ten grams



2.1

2.1.1.

2.1.2.

2.1.3.

2.2.

2.2.1.

2.2.2.
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Annex 7 - Appendix 1

CALIBRATION OF EQUIPMENT
FOR HYDROGEN EMISSION TESTING

CALIBRATION FREQUENCY AND METHODS

All equipmentshall be calibrated before its initial use and thenbrated as often as
necessary and in any case in the month beforeagpeoval testing. The calibration
methods to be used are described in this appendix.

CALIBRATION OF THE ENCLOSURE
Initial determination of enclosure internalluoe

Before its initial use, the internal volurokthe chambeshall be determined as
follows. The internal dimensions of the chamber @refully measured, taking into
account any irregularities such as bracing striitse internal volume of the chamber
is determined from these measurements.

The enclosureshall be latched to a fixed volume when the enclosureeld at an
ambient temperature of 293 K. This nominal volushell be repeatable within +
0.5 per cent of the reported value.

The net internal volume is determined bytrsuting 1.42 m from the internal
volume of the chamber. Alternatively the volumehad test vehicle with the luggage
compartment and windows open may be used instedmb df.42 m

The chambeshall be checked as in paragraph 2.3. If the hydrogassndoes not
agree with the injected mass to within = 2 per ¢kah corrective action is required.

Determination of chamber background emissions

This operation determines that the chamber doesorgtin any materials that emit
significant amounts of hydrogen. The chestlall be carried out at the enclosure's
introduction to service, after any operations i tnclosure which may affect
background emissions and at a frequency of at teast per year.

Variable-volume enclosure may be operateditimer latched or unlatched volume
configuration, as described in paragraph 2.1.1. biemt temperatureshall be
maintained at 293 K + 2 K, throughout the 4-houigeémentioned below.

The enclosure may be sealed and the midngperated for a period of up to 12
hours before the four-hour background-samplinggaebegins.
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2.2.3.

2.2.4.

2.2.5.

2.2.6.

2.2.7.

2.2.8.

2.3.

2.3.1.

2.3.2.

2.3.3.

2.3.4.

2.3.5.

2.3.6.

The analyser (if requiresihall be calibrated, then zeroed and spanned.

The enclosurghall be purged until a stable hydrogen reading is abthiand the
mixing fan turned on if not already on.

The chamber is then sealed and the backgroyosirogen concentration, temperature
and barometric pressure are measured. These aneittakreadings Gy, T; and P
used in the enclosure background calculation.

The enclosure is allowed to stand undistusgh the mixing fan on for a period of
four hours.

At the end of this time the same analysemused to measure the hydrogen
concentration in the chamber. The temperaturetlamdarometric pressure are also
measured. These are the final readings, @; and F.

The change in mass of hydrogen in the endahall be calculated over the time of
the test in accordance with paragraph 2.4sdradl not exceed 0.5 g.

Calibration and hydrogen retention test ofdhamber

The calibration and hydrogen retention test indhamber provides a check on the
calculated volume (paragraph 2.1) and also measumgdeak rate. The enclosure
leak rateshall be determined at the enclosure's introductionetwice, after any
operations in the enclosure which may affect thegnty of the enclosure, and at
least monthly thereafter. If six consecutive mdnthetention checks are
successfully completed without corrective actidme enclosure leak rate may be
determined quarterly thereafter as long as no ctiweeaction is required.

The enclosurghall be purged until a stable hydrogen concentratiorashed. The
mixing fan is turned on, if not already switched ®he hydrogen analyser is zeroed,
calibrated if required, and spanned.

The enclosurghall be latched to the nominal volume position.

The ambient temperature control system es tiurned on (if not already on) and
adjusted for an initial temperature of 293 K.

When the enclosure temperature stabiliz&atK + 2 K, the enclosure is sealed
and the background concentration, temperature anoinietric pressure measured.
These are the initial readingsi% Ti and Pused in the enclosure calibration.

The enclosurghall be unlatched from the nominal volume.
A quantity of approximately 100 g of hydrags injected into the enclosure. This

mass of hydrogeshall be measured to an accuracy of + 2 per cent ofnis@sured
value.
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The contents of the chamiséall be allowed to mix for five minutes and then the
hydrogen concentration, temperature and barompteassure are measured. These
are the final readings &, T and R for the calibration of the enclosure as well as th

initial readings CH2i, Tand Rfor the retention check.

On the basis of the readings taken in papdgr 2.3.4 and 2.3.7 and the formula in
paragraph 2.4, the mass of hydrogen in the endosucalculated. Thishall be
within = 2 per cent of the mass of hydrogen measurgoaragraph 2.3.6.

The contents of the chambaall be allowed to mix for a minimum of 10 hours. At
the completion of the period, the final hydrogemaentration, temperature and
barometric pressure are measured and recordedse Hne the final readingsi& T;
and R for the hydrogen retention check.

Using the formula in paragraph 2.4, therbgedn mass is then calculated from the
readings taken in paragraphs 2.3.7 and 2.3.9. mhss may not differ by more than
5 per cent from the hydrogen mass given by parhg2ah8.

Calculation
The calculation of net hydrogen mass change withe enclosure is used to
determine the chamber's hydrocarbon backgroundlesdd rate. Initial and final

readings of hydrogen concentration, temperaturebandmetric pressure are used in
the following formula to calculate the mass change.

\V/
(1+ ) x Gy xR

=k xVx10™* x _
M, T T

where:

My, = hydrogen mass, in grams

Ch2 = measured hydrogen concentration into the encosu ppm volume

V = enclosure volume in cubic metres’jras measured in paragraph 2.1.1.

Vout = compensation volume in m3, at the test tempesgatnd pressure

T = ambient chamber temperature, in K
P = absolute enclosure pressure, in kPa
k = 242

where: iis the initial reading
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3.1.

3.2.

3.3.

3.4.

3.5.

fis the final reading
CALIBRATION OF THE HYDROGEN ANALYZER

The analyzer should be calibrated using hydrogeairirand purified synthetic air.
See paragraph 4.8.2. of annex 7.

Each of the normally used operating ranges arbereadid by the following procedure.

Establish the calibration curve by at least ftalibration points spaced as evenly as
possible over the operating range. The nominateotnation of the calibration gas
with the highest concentrations to be at leasté80cpnt of the full scale.

Calculate the calibration curve by the metlvddeast squares. If the resulting
polynomial degree is greater than 3, then the nurobealibration pointshall be at
least the number of the polynomial degree plus 2.

The calibration curvehall not differ by more than 2 per cent from the norhuzdue
of each calibration gas.

Using the coefficients of the polynomial dedvfrom paragraph 3.2. above, a table
of analyzer readings against true concentratgiradl be drawn by steps no greater
than 1 per cent of full scale. This is to be erout for each analyzer range
calibrated.

This tableshall also contain other relevant data such as:

(a) Date of calibration.

(b) Span and zero potentiometer readings (wherkcapfe).

(c) Nominal scale.

(d) Reference data of each calibration gas used.

(e) The real and indicated value of each calibragias used together with the
percentage differences.

(f) Calibration pressure of analyzer.

Alternative methods (e.g. computer, electralhjccontrolled range switch) can be
used if it is proven to the technical service tha#se methods give equivalent
accuracy.
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Annex 7 - Appendix 2
ESSENTIAL CHARACTERISTICS OF THE VEHICLE FAMILY

PARAMETERS DEFINING THE FAMILY RELATIVE TO HYDRGEN
EMISSIONS
The family may be defined by basic design pararmsetdrichshall be common to
vehicles within the family. In some cases therey iba interaction of parameters.
These effectshall also be taken into consideration to ensure thigt werhicles with

similar hydrogen emission characteristics are ietuwithin the family.

To this end, those vehicle types whose paraselescribed below are identical are
considered to belong to the same hydrogen emissions

Traction battery:

(a) Trade name or mark of the battery.

(b)Indication of all types of electro-chemical couplesd.
(c) Number of battery cells.

(d)Number of battery modules.

(e)Nominal voltage of the battery (V).

(f) Battery energy (kWh).

(g) Gas combination rate (in per cent).

(h) Type(s) of ventilation for battery module(s) ocka
() Type of cooling system (if any).

On-board charger:

(a)Make and type of different charger parts.

(b) Output nominal power (kW).

(c) Maximum voltage of charge (V).

(d)Maximum intensity of charge (A).
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(e)Make and type of control unit (if any).
(f) Diagram of operating, controls and safety.
(g) Characteristics of charge periods.

B. JUSTIFICATION

This proposal aims to adapt Regulation No. 10théotéchnical progress. The main objective is
to extend the scope of the Regulation from batedegtric vehicle to all kinds of power train
systems above a certain working voltage level.

The activities of ELSA are based upon the work @labal Technical Regulation of Hydrogen
and Fuel Cell Vehicles (HFCV GTR). A section foethlFCV GTR with the title "Electric
Safety Provisions" will be developed. This sectiwii have two sub-sections with entitled
"Electric safety provisions during in-use" and "&itec safety provisions post-crash”. WP.29
requested ELSA that once the technical requiremattse sub-sections are defined and agreed,
the formal integration into the 1958 Agreement dnd 1998 Agreement will be conducted
separately. This proposal is to amend Regulation N® regarding "in-use" under the 1958
agreement.



