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Transmitted by the Chairman of the GRSP Informal document NoGRSP-45-03
Informal Group on Electric Safety (ELSA) (45th GRSP, 25-29 May 2009,
agenda item 18)

REGULATION No.100
UNIFORM PROVISIONS CONCERNING THE APPROVAL OF VEHIES WITHREGARD
TO SPECIFIC REQUIREMENTS FOR THE ELECTRIC POWERAIN

Proposal for a Revision to Regulation No. 100 sutediby the chairman of the GRSP Informal
Group on Electric SafetfELSA)

This proposal is aimed to adapt ECE-R 100 to tlolrtieal progress. The main objective is to
extend the scope from battery electric vehicleltkiads of power train systems above a certain
working voltage level.

The activities of ELSA are based upon on the wdr& Global Technical Regulation of Hydrogen
and Fuel Cell Vehicles (HFCV GTR). A section foetHFCV GTR with the title "Electric Safety
Provisions" will be developed. This section willvieatwo sub-sections with the titles "Electric
safety provisions during in-use" and "Electric $afprovisions post-crash”. WP.29 requested
ELSA that once the technical requirements of tHesctions are defined and agreed, the formal
integration into the 1958 Agreement and the 1998Ament will be conducted separately. This
proposal is to amend Regulation No. 100 regardimgSe"” under the 1958 agreement.

The modifications in the consolidated documentetemarked due to the recast.
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Scope

The following prescriptions apply to safety requients with respect to the electric power
train of road vehicles of categories M and N, watimaximum design speed exceeding 25
km/h, equipped with one or more traction motor(perated by electric power and not
permanently connected to the grid and the highageltcomponents and systems which are
galvanically connected to the high voltage bushefdlectric power train.

Definitions
For the purpose of this regulation the followindicligéons apply:
"Active driving possible molaneans the vehicle mode when application of pressu

the accelerator pedal (or activation of an equiMat®ntrol) will cause the electric power
train to move the vehicle.

"Barrief means the part providing protection against dicecttact to the live parts from
any direction of access.

"Conductive connectihmeans the connection using connectors to an extpoaer
supply when the RESS is charged.

"Coupling system for charging the recharge&lergy storage system (RES8jeans the
electrical circuit used for charging the RE88m an external electric power supply
including the vehicle inlet.

"Direct conta¢tmeans the contact of persons with live parts.

"Electrical chassismeans a set made of conductive parts electridaiiyed together,
whose potential is taken as reference.

"Electrical circuit means an assembly of connected live parts wtschesigned to be
electrically energized in normal operation.

"Electric energy conversion systemeans a system that generates and providesielectr
energy for electric propulsion.

"Electric power traihmeans the electrical circuit which includes trection motor(s), and
may include the RESS, the electric energy conversystem, the electronic converters, the
associated wiring harness and connectors, andth@iog system for charging the RESS.

"Electronic _convertérmeans a device capable of controlling and/or eoimng electric
power for electric propulsion.

"Enclosurémeans the part enclosing the internal units aogliging protection against
direct contact from any direction of access.
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"Exposed conductive pamneans the conductive part which can be toucheatkuthe
provisions of the protection degree IPXXB, and whizecomes electrically energized
under isolation failure conditions.

"External electric power supfryeans an alternating current (AC) or direct cur(@&t)
electric power supply outside of the vehicle.

"High Voltagé means the classification of an electric comporentircuit, if its working
voltage is > 60 V andg 1500 V DC or > 30 V and 1000 V AC root mean square (rms).

"High Voltage Busmeans the electrical circuit, including the conglsystem for charging
the RESS that operates on high voltage.

"Indirect contattmeans the contact of persons with exposed coiveygarts.

"Live part§ means the conductive part(s) intended to be rdatly energized in normal
use.

"Luggage compartméntneans the space in the vehicle for luggageommodation,
bounded by the roof, hood, floor, side walls, adlvas by the barrier and enclosure
provided for protecting the power train from direcintact with live parts, being separated
from the passenger compartment by the front bulitleedhe rear bulk head.

"On-board isolation resistance monitoringtesys means the device which monitors the
isolation resistance between the high voltage basdghe electrical chassis.

"Open type traction battérgneans a liquid type battery requiring refillingtivwater and
generating hydrogen gas released to the atmosphere.

"Passenger compartment” means the spacecéopant accommodation, bounded by the
roof, floor, side walls, doors, window glass, frantikhead and rear bulkhead, or rear gate,
as well as by the barriers and enclosures provioiegrotecting the power train from direct
contact with live parts.

"Protection degréeneans the protection provided by a barrier/enci®selated to the
contact with live parts by a test probe, such tesafinger (IPXXB) or a test wire (IPXXD),
as defined in Annex 3.

"Rechargeable energy storage system (RE8®Ens the rechargeable energy storage
system that provides electric energy for electrapplsion.

"Service disconnécimeans the device for deactivation of thHecteical circuit when
conducting checks and services of the RESS, fllestaek, etc.
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"Solid insulatdr means the insulating coating of wiring harnesgesvided in order to
cover and protect the live parts against directacnfrom any direction of access; covers
for insulating the live parts of connectors, anthigh or paint for the purpose of insulation.

"Vehicle typemeans vehicles which do not differ in such esaéaspects as:

€)) Installation of the Electric power train ane talvanically connected high voltage
bus.

(b) Nature and type of Electric power train and glaévanically connected high voltage
components.

"Working voltagémeans the highest value of an electrical cirealtage root mean square
(rms), specified by the manufacturer, which mayuodoetween any conductive parts in
open circuit conditions or under normal operatirupdition. If the electrical circuit is

divided by galvanic isolation, the working voltage defined for each divided circuit,

respectively.

Application for Approval

The application for approval of a vehicle typiéh regard to specific requirements for the
Electric power train shall be submitted by vehilanufacturer or by his duly accredited
Representative.

It shall be accompanied by the under-mentiot@ecuments in triplicate and following
particulars:

Detailed description of the vehicle typeragards to the electric power train and the
galvanically connected high voltage bus

A vehicle representative of the vehicle typebe approved shall be submitted to the
technical service responsible for conducting thereyal tests.

The competent Authority shall verify thexistence of satisfactory arrangements for
ensuring effective control of the conformity of dretion before type approval is granted.

Approval

If the vehicle submitted for approval pursutanthis Regulation meets the requirements of
Paragraph 5 below and Annexes 354and 7 to this Regulation, approval of this vehicl
type shall be granted.

An approval number shall be assigned to egmhapproved. Its first two digits (at present
01 for the Regulation in its form) shall indicateetseries of amendments incorporating the
most recent major technical amendments made tRdgeilation at the time of issue of the
approval. The same Contracting Party shall notgassie same number to another vehicle

type.
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4.3. Notice of approval or of refusal or of extemsior withdrawal of approval or production
definitely discontinued of a vehicle type pursuemthis Regulation shall be communicated
to the Parties to the Agreement applying this Ratgpn, by means of a form conforming to
the model in Annex 1 to this Regulation.

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

4.4.1. A circle surrounding the Letter "E" follod/dy the distinguishing number of the country
which has granted approval. 1/

4.4.2. The number of this Regulation, followedtbg Letter "R", a dash and the approval number
to the right of the circle described in Paragraphi4

i 1 for Germany, 2 for France, 3 for Italy, 4 foetNetherlands, 5 for Sweden, 6 for Belgium,
7 for Hungary, 8 for the Czech Republic, 9 for $pdiO for Serbia, 11 for the United Kingdom,
12 for Austria, 13 for Luxembourg, 14 for Switzerth 15 (vacant), 16 for Norway, 17 for Finland,
18 for Denmark, 19 for Romania, 20 for Poland, @1Portugal, 22 for the Russian Federation,
23 for Greece, 24 for Ireland, 25 for Croatia, 86 $lovenia, 27 for Slovakia, 28 for Belarus,
29 for Estonia, 30 (vacant), 31 for Bosnia and ldgarina, 32 for Latvia, 33 (vacant), 34 for
Bulgaria, 35 (vacant), 36 for Lithuania, 37 for Key, 38 (vacant), 39 for Azerbaijan, 40 for The
former Yugoslav Republic of Macedonia, 41 (vaca#®) for the European Community (Approvals
are granted by its Member States using their résgeECE symbol), 43 for Japan, 44 (vacant),
45 for Australia, 46 for Ukraine, 47 for South Afa, 48 for New Zealand, 49 for Cyprus, 50 for
Malta, 51 for the Republic of Korea, 52 for Malaysb3 for Thailand, 54 and 55 (vacant), 56 for
Montenegro, 57 (vacant) and 58 for Tunisia. Subsetjunumbers shall be assigned to other
countries in the chronological order in which thrayify or accede to the Agreement Concerning
the Adoption of Uniform Technical Prescriptions fd¢heeled Vehicles, Equipment and Parts
which can be Fitted and/or be Used on Wheeled VWe&hiand the Conditions for Reciprocal
Recognition of Approvals Granted on the Basis dasth Prescriptions, and the numbers thus
assigned shall be communicated by the Secretargi@eof the United Nations to the Contracting
Parties to the Agreement.
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If the vehicle conforms to a vehiclepay approved under one or more other
Regulations annexed to the Agreement in the couwtrich has granted approval
under this Regulation, the symbol prescribed irmBaph 4.4.1. need not be repeated,;
in this case the Regulation and approval numbedstfam additional symbols of all the
Regulations under which approval has been gramatea country which has granted
approval under this Regulation shall be placedartieal columns to the right of the
symbol prescribed in Paragraph 4.4.1.

The approval mark shall be clearly legible ahdll be indelible.

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

Annex 2 to this Regulation gives exampleefdrrangements of the approval mark.
Requirements and Tests
Protection against Electrical Shock

These electrical safety requirements apply to highage buses under conditions
where they are not connected to external high gelfmwer supplies.

Protection against electric shock shall be comgrefe

- Basic protection (protection against direct contaith live parts under normal
(fault-free) conditions) and

- Protection under any first failure condition withspect to electric shock

The vehicle manufacturer shall conduct an appréghazard analysis in respect to
electric shock and establish a set of measuredwgive sufficient protection against
electric shock.

This analysis may use a FMEA (failure mode andoetimalysis), a FTA (fault tree
analysis), or another appropriate method and sbakider normal (fault free) and any
first failure conditions relevant for electric stkdtazards.

Protection against direct contact

The protection against direct contact with live tpashall comply with paragraphs
5.1.1.1. and 5.1.1.2. These protections (solidl&tsy barrier, enclosure, etc.) shall not
be able to be opened, disassembled or removeduwtithe use of tools.

For protection of live parts inside thegenger compartment or luggage compartment,
the protection degree IPXXD shall be provided.
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For protection of live parts in areas otiwan the passenger compartment or luggage
compartment, the protection degree IPXXB shalldiested.

Connectors

Connectors (including vehicle inlet) are deemerheet this requirement if:

(a)they comply with 5.1.1.1. and 5.1.1.2. when sejedravithout the use of tools or

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

(c)they are provided with a locking mechanismd other components shall be
removed with the use of tools in order to sepataeconnectoor

(d)the voltage of the live parts becomes equal covd&®C 60V or equal or below AC
30V (rms) within 1 second after the connector sasated

Service disconnect

For a service disconnect which can be opened,siadsed or removed without tools,
it is acceptable if protection degree IPXXB is sfid under a condition where it is
opened, disassembled or removed without tools.

Marking
The symbol shown in Figure 1 shall appear on or titeaRESS.

The same symbol shall be visible on enclosureshkamders, which, when removed
expose live parts of high voltage circuits.

However, this provision shall not apply to anyloé following cases
(@) where barriers or enclosures cannot be accesdesls other vehicle components
are removed with the use of tools.

(b) where barriers or enclosures are located urdéhrthe vehicle floor

The symbol background shall be yellow, the bordgand the arrow shall be black.

Figure 1 — Marking of high voltage equipment

The outer covering of cables and harness for hajtage buses, not within enclosures
or not underneath the vehicle floor shall be ideediby orange color.

This provision shall not apply to any connectorstigh voltage buses.
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Protection against indirect contact

For protection against electrical shockciicould arise from indirect contact, the
exposed conductive parts, such as the condudtarrier and enclosure, shall be
galvanically connected securely to the electridassis by connection with electrical
wire or ground cable, or by welding, or by connectiusing bolts, etc. so that no
dangerous potentials are produced.

The resistance between all exposed cordygarts and the electrical chassis shall be
lower than 0.1 ohm when there is current flow diast 10 amperes.

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

In the case of motor vehicles which afended to be connected to the grounded
external electric power supply through the condectionnection, a device to enable
the galvanical connection of the electrical chassihe earth ground shall be provided.

The device should enable connection to the eamngt before exterior voltage is
applied to the vehicle and retain the connectiotil @iter the exterior voltage is
removed from the vehicle.

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

Isolation Resistance
Electric power train consisting of sepa@C- or AC-buses

If AC high voltage buses and DC high voltage buses galvanically isolated from
each other, isolation resistance between the hiffage bus and the electrical chassis
shall have a minimum value of 100 ohms/volt of Warking voltage for DC buses,
and a minimum value of 500 ohms/volt of the workvwadtage for AC buses.

The measurement shall be conducted according teeXnrl "Isolation Resistance
Measurement Method" or a method equivalent to it.

Electric power train consisting of comhii®C- and AC-buses

If AC high voltage buses and DC high voltage buaes galvanically connected
isolation resistance between the high voltage Indstlae electrical chassis shall have a
minimum value of 500 ohms/volt of the working vagjéa

However, if all AC high voltage buses areotpcted by one of the 2 following
measures, isolation resistance between the highgelbus and the electrical chassis
shall have a minimum value of 100 ohms/volt of waking voltage.
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(a) Double or more layers of solid insulators, ieasror enclosures that meet the
requirement in paragraph 5.1.1. independentlyexample wiring harness

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

The isolation resistance between the high voltageand the electrical chassis may be
demonstrated by calculation, measurement or a gwathbn of both.

The measurement shall be conducted according tedrilsolation Resistance
Measurement Method" or a method equivalent to it.

5.1.3.3. Isolation resistance requirement for thegpting system for charging the RESS

For the vehicle inlet intended to be conductivetyimected to the grounded external
AC power supply and the electrical circuit thagavanically connected to the vehicle
inlet during charging the RESS, the isolation rasise between the high voltage bus
and the electrical chassis shall be at least 1Mhsolvhen the charger coupler is
disconnected. During the measurement, the trab@tery may be disconnected.

5.1.3.4 Basis isolation

Each “High voltage” component has to fulfill theyterements of clearance and
creepage distances according to ISO 23273:2006.8,20 ensure a adequate
dimensioned basic isolation

And each “High voltage” component has to pass & tatage withstand test according
to ISO 23273:2006, 8.2.5.2

5.1.3.5. Protection under any first failure coranhti
The protection has to be achieved by one of tHeviahg:
(a) Double or additional isolation

(b) Onboard isolation resistance monitoring systegether with a warning to the
driver if the isolation resistance drops belowtmieimum required value. The isolation
resistance between the high voltage bus of theltmupystem for charging the RESS,
which is not energized besides during chargingRB8S, and the electrical chassis
need not to be monitored. The function of the oartiasolation resistance monitoring
system shall be confirmed as described in Annex 5.
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RESS
Protection against excessive current
The RESS shall not overheat.

If the RESS is subject to overheating due to excessirrent, it shall be equipped with
a protective device such as fuses, circuit breaiensain contactors

However, the requirement may not apply if the maotufrer supplies data that ensures
overheating from excessive current is preventedmwit the protective device.

Accumulation of Gas
Places for containing open type traction batteay thay produce hydrogen gas shall be

provided with a ventilation fan or a ventilationaito prevent the accumulation of
hydrogen gas.

5.2.3. Protection against overcharging

5.3.

The RESS shall be equipped with means against loaeging

Functional Safety

At least a momentary indication shall be givenhe triver when the vehicle is in
"active driving possible mode".

However, this provision does not apply under coodg where an internal combustion
engine provides directly or indirectly the vehisl@ropulsion power.

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

If the on-board RESS can be externally chargedhbyuser, vehicle movement by its
own propulsion system shall be impossible as lomgh& connector of the external
electric power supply is physically connected te ¥khicle inlet.

This requirement shall be demonstrated by usingctinector specified by the car
manufacturer.

The state of the drive direction control unit shlidentified to the driver.

The power on procedure shall be applied via a ketck or technically equal device
and if a key switch is used, it shall not be pdssib remove this key in any position
that energises the drive train or makes activaryipossible.

For pure E-Vehicles only: When the state of charigde battery reaches the minimum
state of charge value defined by the manufacttieruser shall be warned.
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Reversing shall be possible only after operatioa specific control. This action shall
require either:

(a) the combination of two different actuations, or

(b) an electric switch which allows reverse to hgaged only when the vehicle is
moving at a forward speed not exceeding 5 km/h.v&libis speed all actions
on this device shall be ignored. The device shalehonly one stable position.

Unintentional acceleration, deceleration and realesisall be prevented. In particular, a
single failure (e.g. in the power train or in a ECGlball not cause a dangerous
movement of a standing unbraked vehicle.

Degrees of protection (IP-Code)

“High-voltage” components not assembled insideniienally closed passenger area or
inside the normally closed luggage compartmentdasach a degrees of protection (IP
Code) of IP6k9k according to ISO 20653

Determination of Hydrogen Emissions
This test shall be carried out on all vedsaquipped with open type traction batteries.

The test shall be conducted following thehmeé described in Annex 7 to the present
Regulation. The hydrogen sampling and analysisl $lealthe ones prescribed. Other
analysis methods can be approved if it is provanttiey give equivalent results.

During a normal charge procedure in the tmmd given in Annex 7, hydrogen
emissions shall be below 125 g during 5 h, or be?dw t2 g during t2 (in h).

During a charge carried out by an on-bodvarger presenting a failure (conditions
given in Annex 7), hydrogen emissions shall be wed@ g. Furthermore the on-board
charger shall limit this possible failure to 30 nies.

All the operations linked to the batteryrgfag are controlled automatically, included
the stop for charging.

It shall not be possible to take a manuatrobof the charging phases.

Normal operations of connection and disconoe to the mains or power cuts shall
not affect the control system of the charging phase

Important charging failures shall be perrméliyesignaled to the driver. An important
failure is a failure that can lead to a disfuncimgnof the on-board charger during
charging later on.

The manufacturer has to indicate in the o\wmeanual, the conformity of the vehicle
to these requirements.
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The approval granted to a vehicle typeivedo hydrogen emissions can be extended
to different vehicle types belonging to the sanmaifg in accordance with the
definition of the family given in Annex 7, Appendx

MODIFICATION AND EXTENSION OF THE TYPE APPROVAEOR VEHICLE
TYPE

Every modification of the vehicle typdéal be notified to the administrative
department which approved the vehicle type. Thedepent may then either:

Consider that the modifications made arekalyl to have an appreciable adverse
effect and that in any case the vehicle still caegolith the requirements or

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

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

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

CONFORMITY OF PRODUCTION

Every vehicle approved under this Regulatlmadlde so manufactured as to conform
to the type approved by meeting the requirementsigan Paragraph 5 above.

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

The holder of the approval shall, in particula
Ensure the existence of procedures forftleetare quality control of vehicles;

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

Ensure that test result data are recbrahd that the annexed documents remain
available for a period to be determined agreement with the administrative
department;
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7.3.6.

7.4.

7.4.1.

7.4.2.

7.4.3.

7.4.4.

7.4.5.

8.1.

8.2.

ELSA-7-07

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

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

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

The competent Authority which has granted tgpproval may at any time verify the
conformity control methods applied in each produttinit.

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

The inspector may take samples at amndo be tested in the Manufacturer's
laboratory. The minimum number of samples may bierdened according to the
results of the Manufacturer's own checks.

When the quality level appears unsatisfgaborwhen it seems necessary to verify the
validity of the tests carried out in application Baragraph 7.4.2., the inspector shall
select samples to be sent to the techrsealice which has conducted the type
approval tests.

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

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

PENALTIES FOR NON-CONFORMITY OF PRODUCTION

The approval granted in respect of a vehigbe t pursuant to this Regulation may be
withdrawn if the requirements laid down in Paragr&@pabove are not complied with,
or if the vehicle or its components fail to pass tésts provided for in Paragraph 7.3.5.
above.

If a Contracting Party to the Agreemeamplying this Regulation withdraws an
approval it has previously granted, it shall foritimso notify the other Contracting
Parties applying this Regulation, by means of amomcation form conforming to the
Model in Annex 1 to this Regulation.
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PRODUCTION DEFINITIVELY DISCONTINUED

If the holder of the approval completely ceasesmanufacture a type of vehicle
approved in accordance with this Regulation, hdl slmainform the Authority which
granted the approval. Upon receiving the relevamtraunication, that Authority shall
inform thereof the other Contracting Parties to 1858 Agreement applying this
Regulation by means of a communication form confogio the model in Annex 1 to
this Regulation.

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

The Contracting Parties to the 1958 Agreement apglythis Regulation shall
communicate to the United Nations Secretatisd@ names and addresses of the
technical services responsible for conducting aygdraests and the administrative
departments which grant approval and to which focersifying approval or extension
or refusal or withdrawal of approval or productidefinitely discontinued, issued in
other countries are to be sent.

TRANSITIONAL PROVISIONS

As from the official date of entry into forad the 01 series of amendments, no
Contracting Party applying this Regulation shafuse to grant approval under this
Regulation as amended by the 01 series of amendment

As from [36] months after the date of entripiforce, Contracting Parties applying this
Regulation shall grant approvals only if the vehitype to be approved meets the
requirements of this Regulation as amended by thsefies of amendments.

Contracting Parties applying this Regulatstrall not refuse to grant extensions of
approval to the preceding series of amendmentsgdegulation.

Contracting Parties applying this Regulasball continue to grant approvals to those
types of vehicles which comply with the requirenseat this Regulation as amended
by the preceding series of amendments during tBg rf®nths’ period which follows
the date of entry into force of the 01 series oéadments.
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Annex1

(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 VENICIE .........eueiiiiiiiiiii e
2. RV =] 1o 1= 4/ 1= P
3. RV /=] g o T= 03 1Yo (o] Y/
4. Manufacturer's Name and AdArESS ... cerrrrrrriiiiiiiiieeee e a e e
5. If applicable, name and address of manufacturepresentative .............cccoceevvveees mewmns
6. Description of the vehicle
6.1 RESS

177 1=

6.2 Working voltage
6.3 Propulsion system (e.g. hybrid,
= =0 4T
7. Vehicle submitted for apProval ON ...
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10.
11.
12.
13.
14.
15.
16.

Notes

2

I\

ELSA-7-07

Technical service responsible for conductingapgl testS ...........cceeviiiiiiiiiiiiniiiiccene.
Date of report issued by that SEIVICE ....ccceeeee e i e,
Number of report issued DY that SEIVICE ..ceeeeeiiii i e e
Location of the approval Mark ............cooeereiiiiiiiiiii e
Reason(s) for extension of approval (if apflieR2 ..............ccoovvrviiiiiiiiiiiiiiee e,
Approval granted/extended/refused/withdrafn 2.................ouviieiiiiiieii e

Y [0 = L 1SRRI

The documents filed with the request for apptav extension 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 APPROVAIMARKS

Model A
(see paragraph 4.4. of this Regulation)

NI

+—r
o]

| (E4)Yel  100R-012492 -

a =8 mm min.

The above approval mark affixed to a vehicle shthas the road vehicle type concerned bem
approved in the Netherlands (E4), pursuant to Retigul No. 100, and under the approwamber
012492. The first two digits of the approval numbeticate that the approval was granted in
accordance with the requirements of Regulation190.as amended by 01 series of amendments

Model B
(see paragraph 4.5. of thHkegulation)

100 01 2492
42 00 1628

a =8 mmmin.

The above approval mark affixed to a vehicle shdvet the road vehicle concerned has been
approved in the Netherlands (E4) pursuant to Régak Nos. 100 and 42/.* The approval
number indicates that, at the dates when the régpepprovals were granted, Regulation No. 100
was amended by the 01 series of amendments andaReguWNo. 42 was still in its original form.

*/ The latter number is given only as an example.
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ANNEX 3

PROTECTION AGAINST DIRECT CONTACTS OF PARTS UNDERDLTAGE
Access probes

Access probes to verify the protection of persay@rest access to live parts are given in
table 1.

Test conditions

The access probe is pushed against any openinte @nclosure with the force specified
in table 1. If it partly or fully penetrates, it [daced in every possible position, but in no
case shall the stop face fully penetrate throughottening.

Internal barriers are considered part of the enctas

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

The signal-circuit method should also be appliedh#s® moving live parts of high voltage
equipment.
Internal moving parts may be operated slowly, wilei®is possible.

Acceptance conditions

The access probe shall not touch live parts.

If this requirement is verified by a signal circbigtween the probe and live parts, the lamp
shall not light.

In the case of the test for IPXXB, the jointed tesger may penetrate to its 80 mm length,
but the stop face (diameter 50 mm x 20 mm) shallpags through the opening. Starting
from the straight position, both joints of the tésger shall be successively bent through
an angle of up to 90 degree with respect to the akihe adjoining section of the finger
and shall be placed in every possible position.

In case of the tests for IPXXD, the access probg pemetrate to its full length, but the
stop face shall not fully penetrate through thenopg
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Table 1
Access probes for the tests for protection of pgssmainst access to hazardous parts

Firat nu-| Addit. Access probe Test force
mera letter {Dimensiocns in mm)
2 B Jointed test finger
Stop face
= (& 50 x 20)
L]
-
a
!
See Fig.1™T I EE" 10 M £10 %
for full
dimensions

: Joinéd test finger
{Metal)

Insulating material e 80—

4 5 6 D Test wire 1.0 mm diameter, 100 mm long
ur
(=]
Sphere 35£0.2 ES =}
e B prpn. 00 — 100202 - ‘_1!
al ; ¢ | 'S'l'-
g — — — - i THx10%
i Handle Hngl:;illlltﬁt wire
(Insulating materian ! iMetall  Egges free

Slop face fram burrs
(Inzsulating material)
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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 mrar®5 mm: 0/-0.2 mm

Both joints shall permit movement in the same planéd the same direction through an angle of
90° with a 0 to +10° tolerance.
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Annex4

ISOLATION RESISTANCE MEASUREMENT METHOD
General

The isolation resistance for each high voltage difuthe vehicle shall be measured or
shall be determined by calculation using measurémeaiues from each part or
component unit of a high voltage bus (hereinaftefemed to as the "divided
measurement”).

Measurement Method

The isolation resistance measurement shall be avedby selecting an appropriate
measurement method from among those listed in Reghg 2.1. through 2.2,
depending on the electrical charge of the livegartthe isolation resistance, etc.

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

Moreover, modification necessary for measurthg isolation resistance may be
carried out, such as removal of the cover in otdereach the live parts, drawing of
measurement lines, change in software, etc.

In cases where the measured values are not stableodhe operation of the on-board
isolation resistance monitoring system, etc., nemgsmodification for conducting the

measurement may be carried out, such as stoppirtyeooperation of the device

concerned or removing it. Furthermore, when thdageis removed, it shall be proven,

using drawings, etc., that it will not change tlelation resistance between the live
parts and the electrical chassis.

Utmost care shall be exercised as to short ciraliectric shock, etc., for this
confirmation might require direct operations of thgh-voltage circuit.

Measurement method using DC voltage from effigle sources

Measurement instrument

An isolation resistance test instrument capabkgpplying a DC voltage higher than
the working voltage of the high voltage bus shallised.

Measurement method

An insulator resistance test instrument shall beneoted between the live parts and
the electrical chassis. Then, the isolation restashall be measured by applying a
DC voltage at least half of the working voltagelwd high voltage bus.

If the system has several voltage rangesg. (because of boost converter) in
galvanically connected circuit and some of twmponents cannot withstand the
working voltage of the entire circuit, thesolation resistance between those
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components and the electrical chassis can be neshsaparately by applying at least
half of their own working voltage with those compondisconnected.

2.2. Measurement method using the vehicle’s ownR&SDC voltage source

2.2.1. Test vehicle conditions

The high voltage-bus shall be energized by the ckeki own RESS and/or energy
conversion system and the voltage level of the RE&8or energy conversion system
throughout the test shall be at least the nomiparating voltage as specified by the
vehicle manufacturer.

2.2.2. Measurement instrument

The voltmeter used in this test shall measure DG@esaand shall have an internal
resistance of at least 10¢M

2.2.3. Measurement method

2.2.3.1. Firststep

The voltage is measured as shown in Figure 1 amdhitih voltage Bus voltage (Vb) is
recorded. Vb shall be equal to or greater thannibminal operating voltage of the
RESS and/or energy conversion system as spec#i#iuebvehicle manufacturer.

Electrical Chassis

Energy Conversion I

System Assembly V2 RESS Assembly
_________ —_——— e —
| High Voltage Bus l

Energy

Conversio Traction System

e — — —— — — — — —— — — — —

Electrical Chassis

Figure 1: Measurement of Vb, V1, V2

2.2.3.2. Second step
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2.2.3.4.
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Measure and record the voltage (V1) between thatiegside of the high voltage bus
and the electrical chassis (see Figure 1):

Third step

Measure and record the voltage (V2) between théiyp®side of the high voltage bus
and the electrical chassis (see Figure 1):

Fourth step

If V1 is greater than or equal to V2, insert a d&d known resistance (Ro) between
the negative side of the high voltage bus and teetrecal chassis. With Ro installed,
measure the voltage (V1’) between the negative sidde high voltage bus and the
electrical chassis (see Figure 2).

Calculate the electrical isolation (Ri) accordinghe following formula:
Ri = Ro*(Vb/V1' - Vb/V1) or Ri=Ro0*Vb*(1/V1 —MN1)

Electrical Chassis

Energy Conversion
System Assembly RESS Assembly

High VoltageBus

Traction System

Electrical Chassis

Figure 2: Measurement of V1’

If V2 is greater than V1, insert a standard knoesistance (Ro) between the positive
side of the high voltage bus and the electricakstsa With Ro installed, measure the
voltage (V2') between the positive side of the highlitage bus and the electrical

chassis. (See Figure 3).Calculate the electricdhtion (Ri) according to the formula

shown. Divide this electrical isolation valye ohms) by the nominal operating
voltage of the high voltage bus (in volts).
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Calculate the electrical isolation (Ri) accordinghe following formula:

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

Electrical Chassis

Energy Conversion | R
System Assembly 0 RESS Assembly

|- —————- _ v ||l
High VoltageBus 1

Energy
Conversio

I |
l
t
| |
I |
I |
| . l
| Traction System |
I |
| |
I |
I |
|
1
I |

Electrical Chassis

Figure 3: Measurement of V2’

2.2.3.5. Fifth step

The electrical isolation value Ri (in ohms) divided the working voltage of the high
voltage bus (in volts) results in the isolationstmce (in ohms/volt).

[NOTE 1: The standard known resistance Ro (in ohshsuld be the value of
the minimum required isolation resistance (in ohfghultiplied by the working
voltage of the vehicle plus/minus 20% (in voltsh R not required to be precisely this
value since the equations are valid for any Ro; év@f a Ro value in this range
should provide good resolution for the voltage mieasents.]
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Annex5

CONFIRMATION METHOD FOR FUNCTIONS OF ON-BOARD ISOLAON RESISTANCE
MONITORING SYSTEM

The function of the on-board isolation resistan@nitoring system shall be confirmed by the
following method or a method equivalent to it.

Insert a resistor that does not cause the isolagisistance between the terminal being
monitored and the electrical chassis to drop beélmminimum required isolation resistance
value. The warning shall be activated.
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Annex6
ESSENTIAL CHARACTERISTICS OF ROAD VEHICLES OR SYSIWVES
General

Make (trade name of manufacturer):

Type:

Vehicle category:

Commercial name(s) if available:

Manufacturer's name and address:

If applicable, name and address of manufacsurepresentative:
Drawing and/or photograph of the vehicle:

Electric motor (traction motor)

Type (winding, excitation):
Maximum hourly output (kW):

Battery (if RESS is battery)

Trade name and mark of the battery:
Indication of all types of electro-chemicallse
Nominal voltage (V):

Number of battery cells

Gas combination rate (in per cent)

Type(s) of ventilation for battery module/pack
Type of cooling system (if any):

Capacity (Ah):

Fuel Cell (if any)

Trade name and mark of the fuel cell:
Types of fuel cell:

Nominal voltage (V):

Number of cells:

Type of cooling system (if any):

Max Power(kW):

Fuse and/or circuit breaker

Type:
Diagram showing the functional range:
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7.1.

ELSA-7-07

Power wiring harness

Type:

Protection against Electric Shock

Description of the Protection Concept

Additional data

Brief description of the power circuit componentstallation or drawings/pictures
showing the location of the power circuit composenstallation:

Schematic diagram of all electrical functions irdgd in power circuit:

Working voltage (V):
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Annex7

DETERMINATION OF HYDROGENEMISSIONS
DURING THE CHARGE PROCEDURES OF THE TRACTION BATTER

INTRODUCTION

This annex describes the procedure for the detetmmof hydrogen emissions during
the charge procedures of the traction batterylofal-road vehicles, according to
paragraph 5.4. of this Regulation.

DESCRIPTION OF TEST

The hydrogen emission test (Figure 7.1) is condlict®rder to determine hydrogen
emissions during the charge procedures of theidrabiattery with the on-board
charger. The test consists in the following steps:

€)) vehicle preparation,

(b) discharge of the traction battery,

(© determination of hydrogen emissions during e charge,

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

VEHICLE

The vehicle shall be in good mechanical ceoliand have been driven at least 300
km during seven days before the test. The velsicldl be equipped with the traction
battery subject to the test of hydrogen emissiowst this period.

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

The manufacturer's representative shall be ablecexify that the temperature
conditioning system of the traction battesy meither damaged nor presenting a
capacity defect.
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Figure7.1

Determination of hydrogen emissiothsing
the charge procedures of the tractiattay

START

Vehicle preparation
(if necessary)

|

Discharge of the traction battery
Ambient temperature 293 to 303 K

|

Soak

|

Hydrogen emission test

$ Maximum 7 days

$ Maximum 15 min

12 to
36 h

Maximum 2 min after
connection to mains

during a normal charge

|

Discharge of the traction battery
Ambient temperature 293 to 303 K

$ Maximum 7 days

/ﬁ/—\/ﬁ/—\/—\/ﬁ
N Y S 2 R A Y A

l/ $ Maximum 15 min
12 to Soak
36 h

\L __ Maximum 2 min after

Hydrogen emission test connection to mains

during an on-board charger failure
Ambient temperature 293 K + 2 K

|

END

)
—
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TEST EQUIPMENT FOR HYDROGEN EMISSION TEST
Chassis dynamometer

The chassis dynamometer shall meet the requirerétite 05 series of amendments to
Regulation No. 83.

Hydrogen emission measurement enclosure

The hydrogen emission measurement enclosure saal gias-tight measuring chamber
able to contain the vehicle under test. The vehstiall be accessible from all sides and
the enclosure when sealed shall be gas-tight iardaace with appendix 1 to this annex.
The inner surface of the enclosure shall be impabteeand non-reactive to hydrogen.
The temperature conditioning system shall dapable of controlling the internal

enclosure air temperature to follow the prescritedperature throughout the test, with
an average tolerance of = 2 K over the duratiotheftest.

To accommodate the volume changes due to encldsuh®gen emissions, either a
variable-volume or another test equipment may leel.usrhe variable-volume enclosure
expands and contracts in response to the hydrogessiens in the enclosure. Two
potential means of accommaodating the internal velwmanges are movable panels, or a
bellows design, in which impermeable bags insigedhclosure expand and contract in
response to internal pressure changes by exchamginijom outside the enclosure.
Any design for volume accommodation shall mainthi@ integrity of the enclosure as
specified in appendix 1 to this annex.

Any method of volume accommodation shall limit th&erential between the enclosure
internal pressure and the barometric pressureriaxamum value of + 5 hPa.

The enclosure shall be capable of latching tfixad volume. A variable volume
enclosure shall be capable of accommodating a ehfitog its "nominal volume" (see
annex 7, appendix 1, paragraph 2.1.1.), taking atwount hydrogen emissions during
testing.

Analytical systems
Hydrogen analyser

The atmosphere within the chamimer monitored using a hydrogen analyser
(electrochemical detector type) or a chromatognajth thermal conductivity detection.
Sample gas shall be drawn from the mid-point of side-wall or roof of the chamber
and any bypass flow shall be returned to the enobppreferably to a point immediately
downstream of the mixing fan.
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The hydrogen analyser shall have a regpiome to 90 per cent of final reading of less
than 10 seconds. Its stability shall be betten thger cent of full scale at zero and at 80
per cent £ 20 per cent of full scale, over a 15uterperiod for all operational ranges.

The repeatability of the analyser exprsseone standard deviation shall be better than
1 per cent of full scale, at zero and at 80 pet &£e20 per cent of full scale on all ranges
used.

The operational ranges of the analysdi bkachosen to give best resolution over the
measurement, calibration and leak checking pro@sdur

Hydrogen analyser data recording system

The hydrogen analyser shall be fitted with a dewceecord electrical signal output, at a
frequency of at least once per minute. Theording system shall have operating
characteristics at least equivalent to thgnai being recorded and shall provide a
permanent record of results. The recordingll sblaow a clear indication of the

beginning and end of the normal charge test andyoiwafailure operation.

Temperature recording

The temperature in the chamber is recort@da@points by temperature sensors, which
are connected so as to show a mean value. The nmgaswints 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 modulesesm@ded by means of the sensors.

Temperatures shall, throughout the hydrageission measurements, be recorded at a
frequency of at least once per minute.

The accuracy of the temperature recordirgjesy shall be within £ 1.0 K and the
temperature shall be capable of being resolveddd K.

The recording or data processing systeml $lealcapable of resolving time to + 15
seconds.

Pressure recording

The difference p between barometric presauti@n the test area and the enclosure
internal pressure shall, throughout the hydrogersgon measurements, be recorded at
a frequency of at least once per minute.

The accuracy of the pressure recording systeall be within + 2 hPa and the pressure
shall be capable of being resolved to = 0.2 hPa.
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The recording or data processing systeml $lealcapable of resolving time to + 15
seconds.

Voltage and current intensity recording

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

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

The accuracy of the current intensity recmydystem shall be within £ 0.5 A and the
current intensity shall be capable of being resbheet 0.05 A.

The recording or data processing systeml $lealcapable of resolving time to + 15
seconds.

Fans

The chamber shall be equipped with one or more dartdowers with a possible flow
of 0.1 to 0.5 n¥second in order to thoroughly mix the atmospharéhie enclosure. It
shall be possible to reach a homogeneous temperaigk hydrogen concentration in the
chamber during measurements. The vehicle in tolsme shall not be subjected to a
direct stream of air from the fans or blowers.

Gases
The following pure gases shall be availétealibration and operation:

purified synthetic air (purity <1 ppm C1 equivalesii ppm CO; <400 ppm C<0.1
ppm NO ); oxygen content between 18 and 21 perlmgmblume,

hydrogen ( H), 99.5 per cent minimum purity.

Calibration and span gases shall contaixtures of hydrogen (H2) and purified
synthetic air. The real concentrations of a calilbn gas shall be within £ 2 per cent of
the nominal values. The accuracy of the dilutecegaxbtained when using a gas divider
shall be within £ 2 per cent of the nominal valu&he concentrations specified in
appendix 1 may also be obtained by a gas dividagsynthetic air as the dilution gas.
TEST PROCEDURE

The test consists in the five following steps:

(a) vehicle preparation,
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(b) discharge of the traction battery,
(c) determination of hydrogen emissions durimgpanal charge,
(d) discharge of the traction battery,

(e) determination of hydrogen emissions durinarge carried out with the on-board
charger failure.

If the vehicle has to be moved between two sté@hall be pushed to the following test
area.

Vehicle preparation

The ageing of traction battery shall be checkedyipg that the vehicle has performed
at least 300 km during seven days before the tBsiring this period, the vehicle shall
be equipped with the traction battery submittedh® hydrogen emission test. |If this
cannot be demonstrated then the following procediltde applied.

Discharges and initial charges of the bgtter

The procedure starts with the discharge of thetitnacbattery of the vehicle while
driving on the test track or on a chassis dynamensdta steady speed of 70 per cent
5 per cent of the maximum speed of the vehiclengu80 minutes.

Discharging is stopped:

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

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

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



ELSA-7-07

34 of 43



5.1.2.

5.1.3.

5.2.

5.3.

5.4.

5.4.1.

5.4.2.

ELSA-7-07

Initial charge of the battery

The charge is carried out:

(@) with the on-board charger,

(b) in an ambient temperature between 293 K a3dk30
The procedure excludes all types of external chrarge

The end of traction battery charge criteria coroes|s to an automatic stop given by the
on-board charger.

This procedure includes all types of special chartieat could be automatically or
manually initiated like, for instance, the equaisa charges or the servicing charges.

Procedure from paragraphs 5.1.1 to 5.1 R lshaepeated two times.

Discharge of the battery

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

Stopping the discharge occurs:

(@ when an indication to stop the vehicle is gite the driver by the standard on-
board instrumentation, or

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

Soak

Within fifteen minutes of completing the battergcharge operation specified in 5.2, the
vehicle is parked in the soak area. The vehiclgaiked for a minimum of 12 hours and
a maximum of 36 hours, between the end of theitmadiattery discharge and the start
of the hydrogen emission test during a normal ahaFgr this period, the vehicle shall
be soaked at 293K * 2K.

Hydrogen emission test during a normal charge

Before the completion of the soak perio@, tmeasuring chamber shall be purged for
several minutes until a stable hydrogen backgrasrmbtained. The enclosure mixing

fan(s) shall also be turned on at this time.

The hydrogen analyser shall be zeroed ashga immediately prior to the test.
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At the end of the soak, the test vehiclehwine engine shut off and the test vehicle
windows and luggage compartment opened shall bedhioko the measuring chamber.

The vehicle shall be connected to the mairie battery is charged according to normal
charge procedure as specified in paragraph 5.4owbe

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

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

These figures are used in the hydrogen eéomissalculation (paragraph 6.). The
ambient enclosure temperature T shall not be less 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-badrarger and consists of the following
steps:

(@) Charging at constant power during t

(b) Over-charging at constant current durgng®ver-charging intensity is specified by
manufacturer and corresponds to the one used deguglisation charging.

The end of traction battery charge criteria coroes|s to an automatic stop given by the
on-board charger to a charging time of t1 + t2isTharging time will be limited to t1 +

5 h, even if a clear indication is given to thevdriby the standard instrumentation that
the battery is not yet fully charged.

The hydrogen analyser shall be zeroed aadnga immediately before the end of the
test.

The end of the emission sampling period cgw t;, or t; + 5 h after the beginning of
the initial sampling, as specified in paragraph.&.4 The different times elapsed are
recorded. The hydrogen concentration, temperatand barometric pressure are
measured to give the final readings.C Tr and R for the normal charge test, used for
the calculation in paragraph 6.

Hydrogen emission test with the on-board obafgjlure

Within seven days maximum after having catga the prior test, the procedure starts
with the discharge of the traction battery of tiediele according to paragraph 5.2.
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The steps of the procedure in paragrapbktab be repeated.

Before the completion of the soak perio@, tmeasuring chamber shall be purged for
several minutes until a stable hydrogen backgrasrabtained. The enclosure mixing
fan(s) shall also be turned on at this time.

The hydrogen analyser shall be zeroed ashga immediately prior to the test.

At the end of the soak, the test vehicldhwihe engine shut off and the test vehicle
windows and luggage compartment opened shall bedhioko the measuring chamber.

The vehicle shall be connected to the mairse battery is charged according to failure
charge procedure as specified in paragraph 5.8l6wb

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

The start of a failure charge for hydrogerission test period begins when the chamber
is sealed. The hydrogen concentration, temperatind barometric pressure are
measured to give the initial readings,CT; and Rfor the failure charge test.

These figures are used in the hydrogen emissiaulegion (paragraph 6). The ambient
enclosure temperature T shall not be less thark28id no more than 295 K during the
charging failure period.

Procedure of charging failure

The charging failure is carried out with tl@-board charger and consists of the
following steps:

(a) Charging at constant power during t'

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

The hydrogen analyser shall be zeroed padned immediately before the end of the
test.

The end of test period occuystt30 minutes after the beginning of the initial gding,

as specified in paragraph 5.5.8. The timegpseld are recorded. The hydrogen
concentration, temperature and barometric presauee measured to give the final
readings Gy, T and R for the charging failure test, used for tbalculation in
paragraph 6.
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CALCULATION

The hydrogen emission tests described in paragEamilow the calculation of the
hydrogen emissions from the normal charge and a@argilure phases. Hydrogen
emissions from each of these phases are calculaiad the initial and final hydrogen
concentrations, temperatures and pressures in nosere, together with the net
enclosure volume.

The formula below is used:

((1 Vout) C P, \\
Hef f

MH2 k V 10 4 V CH2I I:)I

LT "
where:

My2 = hydrogen mass, in grams

Ch2 = measured hydrogen concentration in the enclpguppm volume

\ = net enclosure volume in cubic metres)oorrected for the

volume of the vehicle, with the windows and thedage compartment open.
If the volume of the vehicle is not determined duwee of 1.42 ms3 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 = 2.42
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 tegframs

MD = hydrogen mass emission for charging failus,ten grams
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Annex 7 - Appendix

CALIBRATION OF EQUIPMENTFOR
HYDROGEN EMISSIONTESTING

CALIBRATION FREQUENCY AND METHODS

All equipment shall be calibrated before its iditise and then calibrated as often as
necessary and in any case in the month beforedgpeoval testing. The calibration
methods to be used are described in this appendix.

CALIBRATION OF THE ENCLOSURE
Initial determination of enclosure internalwoe

Before its initial use, the internal voluofehe chamber shall be determined as follows.
The internal dimensions of the chamber are casefukkasured, taking into account
any irregularities such as bracing struts. Theerimal volume of the chamber is
determined from these measurements.

The enclosure shall be latched to a fixed volumermwthe enclosure is held at an
ambient temperature of 293 K. This nominal volushall be repeatable within = 0.5
per cent of the reported value.

The net internal volume is determined bytmating 1.42 mfrom the internal volume
of the chamber. Alternatively the volume dfettest vehicle with the luggage
compartment and windows open may be used instethe df 42

The chamber shall be checked as in paragehh If the hydrogen mass does not
agree with the injected mass to within + 2 per ¢bah corrective action is required.

Determination of chamber background emissions

This operation determines that the chamber doesaomtiain any materials that emit
significant amounts of hydrogen. The check shallckaied out at the enclosure's
introduction to service, after any operations ire tenclosure which may affect
background emissions and at a frequency of at teast per year.

Variable-volume enclosure may be operateeither latched or unlatched volume
configuration, as described in paragraph 2.1.Ambient temperature shall be
maintained at 293 K * 2 K, throughout the 4-houigeementioned below.

The enclosure may be sealed and the miamgperated for a period of up to 12 hours
before the four-hour background-sampling periodrimeg
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The analyser (if required) shall be calibdathen zeroed and spanned.

The enclosure shall be purged until a stalyigrogen reading is obtained, and the
mixing fan turned on if not already on.

The chamber is then sealed and the backgrbydrogen concentration, temperature
and barometric pressure are measured. These aiaitiaé readings Gy, Ti and R
used in the enclosure background calculation.

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

At the end of this time the samelys®a is used to measure the hydrogen
concentration in the chamber. The temperaturethedarometric pressure are also
measured. These are the final readings, G; and R.

The change in mass of hydrogen in the eadoshall be calculated over the time of
the test in accordance with paragraph 2.4 and sbakxceed 0.5 g.

Calibration and hydrogen retention test ofdh@mber

The calibration and hydrogen retention test in ¢ghamber provides a check on the
calculated volume (paragraph 2.1) and also measumgteak rate. The enclosure leak
rate shall be determined at the enclosure's inttomlu to service, after any operations
in the enclosure which may affect the integrityttoé enclosure, and at least monthly
thereafter. If six consecutive monthly retentiorecks are successfully completed
without corrective action, the enclosure leete may be determined quarterly
thereafter as long as no corrective action is regui

The enclosure shall be purged until a sthlgrogen concentration is reached. The
mixing fan is turned on, if not already switched dime hydrogen analyser is zeroed,
calibrated if required, and spanned.

The enclosure shall be latched to the ndnamiame position.

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

When the enclosure temperature stabiliz@9atK + 2 K, the enclosure is sealed and
the background concentration, temperature and betranpressure measured. These
are the initial readings3i, T; and Rused in the enclosure calibration.

The enclosure shall be unlatched from theinal volume.
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A quantity of approximately 100 g of hydrage injected into the enclosure. This
mass of hydrogen shall be measured to an accufaty?2@er cent of the measured
value.

The contents of the chamber shall be allotedix for five minutes and then the
hydrogen concentration, temperature and baromgtessure are measured. These are
the final readings G, T and R for the calibration of the enclosure as well as the
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 endasuwalculated. This shall be within
+ 2 per cent of the mass of hydrogen measuredregpaph 2.3.6.

The contents of the chamber shall be allotwechix for a minimum of 10 hours. At
the completion of the period, the final hydrogemaentration, temperature and
barometric pressure are measured and recordedse ®re the final readings4&, Ts
and Rfor the hydrogen retention check.

Using the formula in paragraph 2.4, therbgdn 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 parageapB.

Calculation

The calculation of net hydrogen mass change witiegnenclosure is used to determine
the chamber's hydrocarbon background and leak haiigal and final readings of
hydrogen concentration, temperature and barometessure are used in the following
formula to calculate the mass change.

VOLII
(1 ) Co PR
M, k V 10° v '

where:

My, = hydrogen mass, in grams
Ch2 = measured hydrogen concentration into the encdoguppm volume

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

Vout = compensation volume in m3, at the test tempegatnd pressure
T = ambient chamber temperature, in K

P = absolute enclosure pressure, in kPa
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k = 242
where: iis the initial reading
fis the final reading
CALIBRATION OF THE HYDROGEN ANALYZER

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

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

Establish the calibration curve by at leage ftalibration points spaced as evenly as
possible over the operating range. The nominateotmation of the calibration gas
with the highest concentrations to be at leaste80cpnt of the full scale.

Calculate the calibration curve by thetmd of least squares. If the resulting
polynomial degree is greater than 3, then the nurabealibration points shall be at
least the number of the polynomial degree plus 2.

The calibration curve shall not differ by mdhean 2 per cent from the nominal value
of each calibration gas.

Using the coefficients of the polynomial dedvfrom paragraph 3.2. above, a table of
analyzer readings against true concentrations bleatirawn by steps no greater than 1
per cent of full scale. This is to be carried artéach analyzer range calibrated.

This table shall also contain other relevant dathss:

(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 calibragjas used together with the
percentage differences.

(f) Calibration pressure of analyzer.

Alternative methods (e.g. computer, electraliyccontrolled range switch) can be used
if it is proven to the technical service that thessthods give equivalent accuracy.

Annex 7 - Appendix



ELSA-7-07

42 of 43



ELSA-7-07

ESSENTIAL CHARACTERISTICS OF THE VEHICLE FAMILY

PARAMETERS DEFINING THE FAMILY RELATIVE TO HYDRGEN
EMISSIONS

The family may be defined by basic design paramsetdnich shall be common to
vehicles within the family. In some cases there rbayinteraction of parameters.
These effects shall also be taken into consideratoensure that only vehicles with
similar hydrogen emission characteristics are itetuwithin the family.

To this end, those vehicle types whose parametescribed 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 couplesed
(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
(i) 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)

(e) Make and type of control unit (if any)

(f) Diagram of operating, controls and safety
(g) Characteristics of charge periods
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