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1. SCOPE
This Regulation applies to vehicles of category Wof a total permissible mass
not exceeding 2.5 tonnes; other vehicles may beoapf at the request of the
manufacturer.

2. DEFINITIONS
For the purposes of this Regulation:

2.1. "Protective systetnimeans interior fittings and devices intended dstrmain the

occupants and contribute towards ensuring comgiavith the requirements set
out in paragraph 5. below;

2.2. "Type of protective systénmeans a category of protective devices which @t n
differ in such essential respects as:

Their technology;
Their geometry;
Their constituent materials;

2.3. "Vehicle widti means the distance between two planes parallelthi
longitudinal median plane (of the vehicle) and tang the vehicle on either side
of the said plane but excluding the rear-view nmigrcside marker lamps, tyre
pressure indicators, direction indicator lamps,tpmslamps, flexible mud-guards
and the deflected part of the tyre side-walls imiawetly above the point of
contact with the ground;

2.4. "Overlapy means the percentage of the vehicle width diyeictl line with the
barrier face;

2.5. "Deformable barrier fateneans a crushable section mounted on the fromt of
rigid block;

2.6. "Vehicle typ& means a category of power-driven vehicles whiomdt differ in
such essential respects as:

2.6.1. The length and width of the vehicle, in apds they have a negative effect on the
results of the impact test prescribed in this Ratioh,

1/ As defined in Annex 7 to the Consolidated Resolutbn the Construction of Vehicles
(R.E.3), (TRANS/WP.29/78/Rev.1/Amend.2 as last ateeby its Amendment 4).
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2.6.2.

2.6.3.

2.6.4.

2.6.5.

2.6.6.

2.7.

2.8.

2.9.

2.10.

2.11.

The structure, dimensions, lines and maseoicthe part of the vehicle forward of
the transverse plane through the "R" point of theed's seat, in so far as they
have a negative effect on the results of the impast prescribed in this
Regulation,

The lines and inside dimensions of the pagsecompartment and the type of
protective system, in so far as they have a negadffect on the results of the
impact test prescribed in this Regulation,

The siting (front, rear or centre) and therdation (transversal or longitudinal) of
the engine,

The unladen mass, in so far as there igative effect on the result of the impact
test prescribed in this Regulation,

The optional arrangements or fittings predidy the manufacturer, in so far as
they have a negative effect on the result of thpaich test prescribed in this
Regulation,

"Passenger compartmemith regard to occupant protection” means the space
for occupant accommodation, bounded by the roaiprfl side walls, doors,
outside glazing and front bulkhead and the planethef rear compartment
bulkhead or the plane of the rear-seat back suppet the sake of
protection of occupants from high voltage and elect rolyte spillage
according to Annex 11 a different definition (see 2  .30) is applied.

"™R" point means a reference point defined for each sedihdynanufacturer in
relation to the vehicle's structure, as indicateAmnex 6;

"H" point' means a reference point determined for each lsgahe testing
service responsible for approval, in accordancé wie procedure described in
Annex 6;

"Unladen kerb masmeans the mass of the vehicle in running ordeocaupied
and unladen but complete with fuel, coolant, ludmig tools and a spare wheel (if
these are provided as standard equipment by theleehanufacturer).

"Airbag means a device installed to supplement safety lagld restraint systems
in power-driven vehicles, i.e. systems which, ie twvent of a severe impact
affecting the vehicle, automatically deploy a flaei structure intended to limit,
by compression of the gas contained within it,ghavity of the contacts of one or
more parts of the body of an occupant of the vehwith the interior of the

passenger compartment.
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"Passenger airdameans an airbag assembly intended to protectpaeit(s) in
seats other than the driver's in the event of mtdédaollision.

"Child restrairit means an arrangement of components which may Gsenp
combination of straps or flexible components witlseuring buckle, adjusting
devices, attachments, and in some cases a supplementaryatitdor an impact
shield, capable of being anchored to a power dnagmcle. It is so designed as to
diminish the risk of injury to the wearer, in theeat of a collision or of abrupt
deceleration of the vehicle by limiting the molyildf the wearer's body.

"Rearward-facirigmeans facing in the direction opposite to thenmadrdirection
of travel of the vehicle.

High Voltage

Any Voltage between 30 V — 1000 V AC or 60 V — 1500 V DC is
considered High Voltage with regard to this Regulation. (Remark: upper
limit is needed to exclude e.g. ignition systems, gas discharge lamps etc.)

Or

Classification of an electric component or circuit, if its working voltage is >
60 V and < [1500] V direct current (DC) or > 30 V and < [1000[ V

alternating current (AC) root mean square (rms).
Note: Transposed from ECE R100 final draft.

Traction Battery System or “RESS”

is a any storage system for electric energy that can be recharged and can
comprise of several traction Battery Packs. If other storage systems than
Batteries are used (like e.g. capacitors) this definition shall be applied
accordingly.

2-17 “RESS”

Rechargeable energy storage system that provides electric energy for

electric propulsion
Note: Transposed from ECE R100 final draft.

RESS shell

is a structure surrounding one or several Traction Battery System(s) that
may contain additional components like e.g. an automatic shutoff device,
wiring, venting and monitoring systems etc. and encases the Traction
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Battery System(s). The Traction Battery shell may be considered as a
boundary for either the passenger or luggage compartment. If other
components than Batteries are used (e.g. capacitors, fuel cells) this
definition shall be applied accordingly.

2.18. Traction Battery Pack
is a single mechanical assembly comprising of single traction battery
modules, and retaining frames, trays or cases and the necessary internal
wiring. If other components are used (like e.g. capacitors) this definition
shall be applied accordingly.

2.19. Traction Battery Module
is the smallest single unit consisting of one or several Battery cells
electrically connected and mechanically integrated in one container. If
other components are used (like e.g. capacitors) this definition shall be
applied accordingly.

2.20. Electric Power Source
means any source of electric power that provides high voltage and is used
to drive the vehicle. It can be e.g. a traction Battery system, a fuel cell, a
capacitor system or an electric generator driven by a combustion engine in
conjunction or without a Battery system.

2-7  “Electric power train”

The electrical circuit which includes the traction motor(s), and may include
the RESS, the electric energy conversion system, the electronic
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converters, the associated wiring harness and connectors, and the

coupling system for charging the RESS.
Note: Transposed from ECE R100 final draft.

Energized components

are conductive parts that transmit electric current during normal operation
of the vehicle and operate above the high voltage threshold of 60V DC or
30 V AC.

2-14 *“Live parts”
Conductive part(s) intended to be electrically energized in normal use.

Exposed electroconductive parts

are parts that do not conduct electricity under normal operating conditions,
but may do so if insulation failure occurs, and that may easily be subjected
to direct contact by the occupants without the use of tools. Parts are
considered easily contactable if they do not meet the requirements of
protection class IPXXB.

[2-10 “Exposed conductive part”

Conductive part which can be touched under the provisions of the
protection degree IPXXB, and which becomes electrically energized under

isolation-failure conditions.
Note: Transposed from ECE R100 final draft.

Direct contact
means the contact between the human body and live parts.

2-3 “Direct contact”
The contact of persons with live parts.

Indirect contact
means the contact between the human body and exposed
electroconductive parts.

2-13 “Indirect contact”
The contact of persons with exposed conductive parts.

Protection Class IPXXB

means the degree of protection to ensure that the occupants can not
easily contact any live parts. Whether this protection level is met is
assessed by the procedure described in Attachment 2 Annex 11 of this
regulation.
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2.27.

2.28.

2.29.

2.30.

2-16 “Protection degree”

Protection provided by a barrier/enclosure related to the contact with live
parts by a test probe, such as a test finger (IPXXB), or a test wire (IPXXD)
as defined in Attached Sheet 1

Rated Voltage
is the maximum potential difference between all conductive components
during normal operation as specified by the manufacturer.

2-19 *“Working voltage”

The highest value of an electrical circuit voltage root mean square (rms),
specified by the manufacturer, which may occur between any conductive
parts in open circuit conditions or under normal operating condition. If the
electrical circuit is divided by galvanic isolation, the working voltage is
defined for each divided circuit, respectively.

Operating Voltage

is the range of voltages as defined by the Manufacturer under which the
vehicle can be operated normally, even if the voltage fluctuates due to
discharge of the electric power source. The operating voltage must be
equal or lower than the Rated Voltage of the vehicle.

Automatic disconnect device

means a device triggered by the crash sensing system of the vehicle that
disconnects the Electric Power source from the Electric Power train in
case of an accident.

Passenger compartment for electric safety ass  essment (applied for
Annex 11 only)

is the space for occupant accommodation, bounded by the roof, floor, side
walls, doors, outside Glazing, front bulkhead and the rear bulkhead or rear
gate for vehicles where the luggage compartment is not separated from
the passenger compartment.

2-15 “Passenger compartment”

The space for occupant accommodation, bounded by the roof, floor, side
walls, doors, window glass, front bulkhead and rear bulkhead, or rear gate,
as well as by the barriers and enclosures provided for protecting the power
train from direct contact with high voltage live parts.
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2-2  "“Coupling system for charging the RESS”

The electrical circuit used for charging the RESS from an external electric
power supply (AC or DC electric power supply outside of the vehicle)
including the vehicle inlet

2-4  “Electrical chassis”
A set made of conductive parts electrically linked together, whose potential
is taken as reference.

2-5 *“Electrical circuit”
An assembly of connected live parts which is designed to be electrically energized
in normal operation.

2-6 “Electric energy conversion system”

System that generates and provides electric energy for electric propulsion.
Note: Transposed from ECE R100 final draft.

2-8 “Electronic converter”

v blo of control e cloctsi '

A device capable of controlling and/or converting electric power for electric

propulsion.
Note: Transposed from ECE R100 final draft.

2-9 “Enclosure”
The part enclosing the internal units and providing protection against direct contact
from any direction of access.

2-12 “High Voltage Bus”
Electrical circuit, including the coupling system for charging the RESS, that
operates on high voltage.

2-18 “Solid insulator”
Insulating coating of wiring harnesses provided in order to cover and protect the
live parts against direct contact from any direction of access; covers for insulating

the live parts of connectors; and varnish or paint for the purpose of insulation.
Note: This term is used in Par. 5-5-1.

3. APPLICATION FOR APPROVAL

3.1 The application for approval of a vehicle typiéh regard to the protection of the
occupants of the front seats in the event of atélocollision shall be submitted
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3.2.

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

3.2.6.

3.3.

3.4.

3.4.1.

3.4.2.

4.1.

4.1.1.

by the vehicle manufacturer or by his duly accestiiepresentative.

It shall be accompanied by the undermentiodeduments in triplicate and
following particulars:

A detailed description of the vehicle typéhwespect to its structure, dimensions,
lines and constituent materials;

Photographs, and/or diagrams and drawingbefvehicle showing the vehicle
type in front, side and rear elevation and desigiaits of the forward part of the
structure;

Particulars of the vehicle's unladen kerksna
The lines and inside dimensions of the pagsecompartment;

A description of the interior fittings andofective systems installed in the
vehicle.

A general description of the electric power source type, location and
the electric power train (e.qg. hybrid, electric)

The applicant for approval shall be entitlegtesent any data and results of tests
carried out which make it possible to establisht tbampliance with the
requirements can be achieved with a sufficientelegf confidence.

A vehicle which is representative of the typdoe approved shall be submitted to
the Technical Service responsible for conductiregapproval tests.

A vehicle not comprising all the componegmrtsper to the type may be accepted
for test provided that it can be shown that theesabs of the components omitted
has no detrimental effect on the results of theiteso far as the requirements of
this Regulation are concerned.

It shall be the responsibility of the apaht for approval to show that the
application of paragraph 3.4.1. is compatible witbmpliance with the
requirements of this Regulation.

APPROVAL

If the vehicle type submitted for approval quant to this Regulation meets the
requirements of this Regulation, approval of thettigle type shall be granted.

The Technical Service appointed in accordamith paragraph 12. below shall
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4.3.

4.4.
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check whether the required conditions have beesfisalt

In case of doubt, account shall be takerenmrerifying the conformity of the
vehicle to the requirements of this Regulationaioy data or test results provided
by the manufacturer which can be taken into comatd® in validating the
approval test carried out by the Technical Service.

An approval number shall be assigned to egoh approved. Its first two digits
(at present 01 corresponding to the 01 series @ndments) shall indicate the
series of amendments incorporating the most reoafbr technical amendments
made to the Regulation at the time of issue of #pproval. The same
Contracting Party may not assign the same appnowadber to another vehicle

type.

Notice of approval or of refusal of approvélaovehicle type pursuant to this
Regulation shall be communicated by the PartiethéoAgreement which apply
this Regulation by means of a form conforming te thodel in Annex 1 to this
Regulation and photographs and/or diagrams and inigawsupplied by the
applicant for approval, in a format not exceeding (810 X 297 mm) or folded to
that format and on an appropriate scale.

There shall be affixed, conspicuously and meadily accessible place specified
on the approval form, to every vehicle conformingat vehicle type approved
under this Regulation, an international approvalkwansisting of:
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4.4.1. A circle surrounding the letter "E" followég the distinguishing number of the
country which has granted approvél 2

4.4.2. The number of this Regulation, followed bg tetter "R", a dash and the approval
number, to the right of the circle prescribed ingggaph 4.4.1.

4.5. If the vehicle conforms to a vehicle type awed, under one or more other
Regulations annexed to the Agreement, in the cguvitich has granted approval
under this Regulation, the symbol prescribed inagaph 4.4.1. need not be
repeated; in such a case the Regulation and agprawgbers and the additional
symbols of all the Regulations under which apprdvas been granted in the
country which has granted approval under this Ragul shall be placed in
vertical columns to the right of the symbol prelsed in paragraph 4.4.1.

4.6. The approval mark shall be clearly legible badndelible.

4.7. The approval mark shall be placed close tonothe vehicle data plate affixed by
the manufacturer.

4.8. Annex 2 to this Regulation gives examplesppiraval marks.

2/ 1 for Germany, 2 for France, 3 for ltaly, 4 fdret Netherlands, 5 for Sweden, 6 for
Belgium, 7 for Hungary, 8 for the Czech Republicfo® Spain, 10 for Serbia, 11 for the
United Kingdom, 12 for Austria, 13 for Luxembourty for Switzerland, 15 (vacant), 16 for
Norway, 17 for Finland, 18 for Denmark, 19 for Ron@a 20 for Poland, 21 for Portugal, 22 for
the Russian Federation, 23 for Greece, 24 for nkl&5 for 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 (vacai®, for Lithuania, 37 for Turkey, 38 (vacant),
39 for Azerbaijan, 40 for The former Yugoslav Relmilbf Macedonia, 41 (vacant), 42 for the
European Community (Approvals are granted by itsrider States using their respective ECE
symbol), 43 for Japan, 44 (vacant), 45 for Austi,adié for Ukraine, 47 for South Africa, 48 for
New Zealand, 49 for Cyprus, 50 for Malta, 51 fag RRepublic of Korea, 52 for Malaysia, 53 for
Thailand, 54 and 55 (vacant) and 56 for Montened@@absequent numbers shall be assigned to
other countries in the chronological order in whittey ratify or accede to the Agreement
Concerning the Adoption of Uniform Technical Prgsioons for Wheeled Vehicles, Equipment
and Parts which can be Fitted and/or be Used oneWtieVehicles and the Conditions for
Reciprocal Recognition of Approvals Granted on Besis of these Prescriptions, and the
numbers thus assigned shall be communicated b$dbeetary-General of the United Nations to
the Contracting Parties to the Agreement.
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SPECIFICATIONS

General specifications applicable to all tests

The "H" point for each seat shall be deteediin accordance with the procedure
described in Annex 6.

When the protective system for the frontisggpositions includes belts, the belt
components shall meet the requirements of Regul&tm 16.

Seating positions where a dummy is instadlied the protective system includes
belts, shall be provided with anchorage points aoning to Regulation No. 14.

Specifications

The test of the vehicle carried out in accordand® ¥he method described in
Annex 3 shall be considered satisfactory if all tbenditions set out in
paragraphs 5.2.1. to 5.2.6. below are all satisdteitie same time.

The performance criteria recorded, in acmocd with Annex 8, on the dummies
in the front outboard seats shall meet the follgngonditions:

The head performance criterion (HPC) shatl exceed 1000 and the resultant
head acceleration shall not exceed 80 g for maaa ims. The latter shall be
calculated cumulatively, excluding rebound movenaérihe head;

The neck injury criteria (NIC) shall notceed the values shown in Figures 1
and 2 3,

3/ Until 1 October 1998, the values obtained fa tieck shall not be pass/fail criteria for the

purposes of granting approval. The results obthstell be recorded in the test report and be
collected by the Approval Authority. After thistéathe values specified in this paragraph shall
apply as pass/fail criteria unless or until altéreavalues are adopted.
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The neck bending moment about the y akigll sno exceed 57 Nm in
extension B

The thorax compression criterion (ThC@)lstot exceed 50 mm;

The viscous criterion (V * C) for the tamrshall not exceed 1,0 m/s;

The femur force criterion (FFC) shall rotceed the force-time performance
criterion shown in Figure 3;

Figure 3

Femur force criterion

10
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g 7.58 kN @ = 10 msec

"~

Axial femur force (kN)

0 10 20 30 40 50 60
Duration of loading over given force (msec)

The tibia compression force criterion (TT}Bhall not exceed 8 kN;

The tibia index (TI), measured at the & bottom of each tibia, shall not
exceed 1,3 at either location;

The movement of the sliding knee jointlisiot exceed 15 mm.

Residual steering wheel displacement, medsat the centre of the steering
wheel hub, shall not exceed 80 mm in the upwardsceé direction and 100 mm
in the rearward horizontal direction.

During the test no door shall open.

During the test no locking of the lockingt®ms of the front doors shall occur.
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5.2.5.

5.2.5.1.

5.25.2

5.2.5.3.

5.2.6.

5.2.7.

5.2.8.

6.1.

6.1.1.

6.1.2.

6.2.

After the impact, it shall be possible, with the use of tools, except for those
necessary to support the weight of the dummy:

To open at least one door, if there is pee row of seats and, where there is no
such door, to move the seats or tilt their backrest necessary to allow the
evacuation of all the occupants; this is, howewsly applicable to vehicles
having a roof of rigid construction;

To release the dummies from their restraystem which, if locked, shall be
capable of being released by a maximum force oN60n the centre of the
release control;

To remove the dummies from the vehicléet adjustment of the seats.

In the case of a vehicle propelled by ligiuidl, no more than slight leakage of
liquid from the fuel feed installation shall ocaur collision.

If there is continuous leakage of liquidnfrahe fuel-feed installation after the
collision, the rate of leakage shall not exceed®0in; if the liquid from the fuel-
feed system mixes with liquids from the other systeand the various liquids
cannot easily be separated and identified, alllitheds collected shall be taken
into account in evaluating the continuous leakage.

Vehicles equipped with electric power train operati ng on high voltage
shall meet the requirements of Annex 11.

INSTRUCTIONS FOR USERS OF VEHICLES EQUIPPED WIRHRBAGS

The vehicle shall carry information to theeeffthat it is equipped with airbags
for seats.

For a vehicle fitted with an airbag assembtgnded to protect the driver, this
information shall consist of the inscription "AIRER located in the interior of
the circumference of the steering wheel; this ipsicn shall be durably affixed
and easily visible.

For a vehicle fitted with a passenger airlvaignded to protect occupants other
than the driver, this information shall consisttbé warning label described in
paragraph 6.2. below.

A vehicle fitted with one or more passengenfal protection airbags shall carry
information about the extreme hazard associated thi# use of rearward-facing
child restraints on seats equipped with airbagrabses.
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6.2.1. As a minimum, this information shall consi$ta label containing a pictogram
and text warning as indicated below.

Label outline, vertical
and horizontal line black

[ Artwork black with Bottom text black
white background with white background

| Circle and line red Top text and symbol black
with white background with yellow background

A WARNING

DO NOT place rear-facing child
seat on this seat with airbag

DEATH OR SERIOUS INJURY
can occur

The overall dimensions shall be 120 x 60 mm or doeivalent area, as a
minimum.

The label shown above may be adapted in such aheayhe layout differs from
the example above; however, the text content shedit the above prescriptions.

6.2.2. At the time of type approval, the label Ebalin at least one of the languages of
the Contracting Party where the application for rappl is submitted. The
manufacturer shall declare his responsibility fosweing the warning is provided
at least in one of the languages of the countryhith the vehicle is to be sold.
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6.2.3.

6.2.4.

7.1.

7.1.1.

7.1.2.

In the case of a frontal protection airbaglte front passenger seat, the warning
shall be durably affixed to each face of the pageerfront sun visor in such a
position that at least one warning on the sun visowisible at all times,
irrespective of the position of the sun visor. eAftatively, one warning shall be
on the visible face of the stowed sun visor ané@@sd warning shall be on the
roof behind the visor, so, at least one warningisgle all times. The text size
must allow the label to be easily read by a norsigtited user seated on the seat
concerned.

In the case of a frontal protection airbag for otbeats in the vehicle, the warning
must be directly ahead of the relevant seat, aedrigl visible at all times to
someone installing a rear-facing child restrainttioat seat. The text size must
allow the label to be easily read by a normal sdhtiser seated on the seat
concerned.

This requirement does not apply to those seatsppgdi with a device which
automatically deactivates the frontal protectiombag assembly when any
rearward facing child restraint is installed.

Detailed information, making reference te Warning, shall be contained in the
owner's manual of the vehicle; as a minimum, tHevong text in the official
languages of the country where the vehicle is toegestered, must include:

" Do not usearearward facing child restraint on a seat protected by an
airbagin front of it"

The text shall be accompanied by an illustratiothefwarning to be found in the
vehicle.

MODIFICATION AND EXTENSION OF APPROVAL OF THE VHICLE
TYPE

Any modification affecting the structure, thember of seats, the interior trim or
fittings, or the position of the vehicle controklsal mechanical parts which might
affect the energy-absorption capability of the frohthe vehicle shall be brought
to the notice of the Administrative Department dirggn approval. The
department may then either:

Consider that the modifications made aréelyl to have an appreciable adverse
effect and that in any case the vehicle still caagpWith the requirements; or

Require the Technical Service responsibledmducting the tests to carry out a
further test, among those described below, accgrdo the nature of the
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modifications;

Any modification of the vehicle affectitige general form of the structure of the
vehicle and/or any increase in mass greater thgoer8cent which in the
judgement of the authority would have a markeduetfice on the results of the
tests shall require a repetition of the test asri®sd in Annex 3;

If the modifications concern only the mde fittings, if the mass does not differ
by more than 8 percent and if the number of fraats initially provided in the
vehicle remains the same, the following shall heied out:

A simplified test as provided for in Axn7 and/or,

A partial test as defined by the Tedhn®&ervice in relation to the modifications
made.

Confirmation or refusal of approval, specityirthe alterations, shall be
communicated by the procedure specified in pardgdap. above to the Parties to
the Agreement which apply this Regulation.

The Competent Authority issuing the extensibapproval shall assign a series
number for such an extension and inform thereof dtier Parties to the
1958 Agreement applying this Regulation by means @iommunication form
conforming to the model in Annex 1 to this Regulati

CONFORMITY OF PRODUCTION

The conformity of production procedures shall compith those set out in the
Agreement, Appendix 2 (E/ECE/324-E/ECE/TRANS/50%REe with the
following requirements:

Every vehicle approved under this Regulatioallsconform to the vehicle type
approved, as regards features contributing to tbegtion of the occupants of the
vehicle in the event of a frontal collision.

The holder of the approval shall ensure thateach type of vehicle at least the
tests concerning the taking of measurements ariedaut.

The authority which has granted type apprawvaly at any time verify the
conformity control methods applied in each productfacility. The normal
frequency of these verifications shall be once yWep years.

PENALTIES FOR NON-CONFORMITY OF PRODUCTION
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9.1.

9.2.

10.

11.

11.1.

11.2.

11.3.

12.

The approval granted in respect of a vehighe pursuant to this Regulation may
be withdrawn if the requirement laid down in paegdr 7.1. above is not
complied with or if the vehicle or vehicles seletteave failed to pass the checks
prescribed in paragraph 7.2. above.

If a Contracting Party to the Agreement apmythis Regulation withdraws an
approval it has previously granted, it shall forifwso notify the other
Contracting Parties applying this Regulation, byangeof a communication form
conforming to the model in Annex 1 to this Regulati

PRODUCTION DEFINITELY DISCONTINUED

If the holder of the approval completely ceasesiémufacture the type of vehicle
approved in accordance with the Regulation, hel gwlinform the authority

which granted the approval. Upon receiving thewaht communication that
authority shall inform thereof the other Partieshie 1958 Agreement applying
this Regulation by means of a communication formfaoning to the model in

Annex 1 to this Regulation.

TRANSITIONAL PROVISIONS

As from the official date of entry into foroé Supplement 1 to the 01 series of
amendments, no Contracting Party applying this Reigm shall refuse to grant
ECE approval under this Regulation as amended ppl8ment 1 to the 01 series
of amendments.

As from 1 October 2002, Contracting Partigsiyang this Regulation shall grant
ECE approvals only to those types of vehicles whmymply with the
requirements of this Regulation as amended by ®upgt 1 to the 01 series of
amendments.

As long as there are no requirements in Regulation with regard to the
protection of the occupants by means of a full tabimpact test, Contracting
Parties may continue to apply the requirementsdiren force for that purpose at
the time of acceding to this Regulation.

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

The Contracting Parties to the Agreement applyihgs tRegulation shall
communicate to the United Nations secretariat thmes and addresses of the
Technical Services responsible for conducting apgdréests, of manufacturers
authorized to carry out tests and of the AdministeaDepartments which grant
approval and to which forms certifying approval refusal or withdrawal of
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approval, issued in other countries, are to be sent
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Annex 1
COMMUNICATION

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

issued by : Name of administration:

concerning: 2 APPROVAL GRANTED
APPROVAL EXTENDED
APPROVAL REFUSED
APPROVAL WITHDRAWN
PRODUCTION DEFINITELY DISCONTINUED

of a vehicle type with regard to the protectiortted occupants in the event of a frontal collision,
pursuant to Regulation No. 94

Approval NO.: ....cccoeeeveeennnn. Extension No................

1 Trade name or mark of the power-driven vehicle...........cccoiieeis
2 LY g 1o L= 1Y oL PR
3 Manufacturer's Nname and AUIESS ....... oo eeeeerereiimrnniiaa e e aaaaaaaereeeaeeeeeeeeeerrene

5. Brief description of the vehicle type as regaitds structure, dimensions, lines and
CONSHEUENT MALETIAIS ...evvviiiiiiiie e ceeeeees e e e eeee e e s e e e e e e e e e eeeeeeeeanennnnes
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5.3. Location of the electric power source

6. Site of engine: forward/rear/central 2

7. Drive: front-wheel:rear-wheel 2

8.  Mass of vehicle submitted for testing:
0] 01 B> [P PPPPPRPPRT
REAI @XIE & e e e
Total et et oo eeEEaeeeeeeetaaeeesemeaeeeeeestsaeeeeeeesssstieestestnnnteeteennnnetnnaaaeenrnaaaaaeennns

9.  Vehicle submitted for approval ON ..........oooeiiiiiiiii e

10. Technical Service responsible for conductingragal tests ............cccviiiiiiiiiiiiiiceeeeeennne

11. Date of report iSsued DY that SEIVICE ..ceeeeiiiiiiii i e

12. Number of report issued DY that SEIVICE eeeviveiiiiii i

13. Approval granted/refused/extended/withdrawn 2

14. Position of approval mark on VENICIE ...cceeeeeiiiie e

L T o = o PP PPPPPPPPPR

G T D = (PP

R S T [ = U] SRR

18. The following documents, bearing the approwahber shown above, are annexed to this
(o0] .01 0 410 o1 o= 11 o] o ARSI
(Photographs and/or diagrams and drawings permpittive basic identification of the
type(s) of vehicle and its possible variants wraoh covered by the approval)

1/ Distinguishing number of the country which hasarged/extended/refused/withdrawn

approval (see approval provisions in the Regulation

2/

Strike out what does not apply.
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Annex 2
ARRANGEMENTS OF THE APPROVAL MARK

Model A
(See paragraph 4.4. of this Regulation)

®
N I
<>

E4

94R - 011424

a =8 mm min.

w o
w o

The above approval mark affixed to a vehicle shivet the vehicle type concerned has, with
regard to the protection of the occupants in thenewf a frontal collision, been approved in the
Netherlands (E4) pursuant to Regulation No. 94 uageroval number 011424. The approval
number indicates that the approval was granted acordance with the requirements of
Regulation No. 94 as amended by the 01 series ehdments.

Model B
(See paragraph 4.5. of this Regulation)

M

04 [011424 [Tw =

b

11 02 2439 [las =

a =8 mm min.

.
E oy

The above approval mark affixed to a vehicle shtved the vehicle type concerned has been
approved in the Netherlands (E4) pursuant to RégusNos. 94 and 11/ The first two digits

of the approval numbers indicate that, at the datesn the respective approvals were granted,
Regulation No. 94 incorporated the 01 series ofratments and Regulation No. 11 incorporated
the 02 series of amendments.

L The latter number is given only as an example.
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Annex 3
TEST PROCEDURE
INSTALLATION AND PREPARATION OF THE VEHICLE

Testing ground

The test area shall be large enough to accommdigatein-up track, barrier and
technical installations necessary for the teste [Bist part of the track, for at least
5 m before the barrier, shall be horizontal, flad amooth.

Barrier

The front face of the barrier consists of a defdy@astructure as defined in
Annex 9 of this Regulation. The front face of tdeformable structure is
perpendicular within £ 1° to the direction of trdeé the test vehicle. The barrier
is secured to a mass of not less than 7%kg0the front face of which is vertical
within £ 1°. The mass is anchored in the grounglaced on the ground with, if
necessary, additional arresting devices to restsichovement.

Orientation of the barrier

The orientation of the barrier is such that thetfgontact of the vehicle with the
barrier is on the steering-column side. Whereethgra choice between carrying
out the test with a right-hand or left-hand drivehicle, the test shall be carried
out with the less favourable hand of drive as deiteed by the Technical Service
responsible for the tests.

Alignment of the vehicle to the barrier

The vehicle shall overlap the barrier face by 40qaeat + 20 mm.

State of vehicle

General specification

The test vehicle shall be representative of theesgaroduction, shall include all
the equipment normally fitted and shall be in ndrmaning order. Some
components may be replaced by equivalent massa® \ie substitution clearly
has no noticeable effect on the results measurédryaragraph 6.
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1.4.2.
1.4.2.1.

1.4.2.2.

1.4.2.3.

1.4.2.4.

1.4.2.5.

1.4.2.6.

1.4.3.

1.43.1.

1.4.3.2.

1.4.3.3.

Mass of vehicle

For the test, the mass of the vehicle #itdainshall be the unladen kerb mass;

The fuel tank shall be filled with watemhass equal to 90 per cent of the mass of
a full as specified by the manufacturer with aratee oft 1 per cent;

All the other systems (brake, cooling,may be empty in this case, the mass of
the liquids shall be carefully compensated,;

If the mass of the measuring apparatuboand the vehicle exceeds the 25 kg
allowed, it may be compensated by reductions whake no noticeable effect on
the results measured under paragraph 6. below.

The mass of the measuring apparatus rshiatihange each axle reference load by
more than 5 per cent, each variation not exceeziinkg.

The mass of the vehicle resulting fromghavisions of paragraph 1.4.2.1. above
shall be indicated in the report.

Passenger compartment adjustments

Position of steering wheel

The steering wheel, if adjustable, shall be plaoeitie normal position indicated

by the manufacturer or, failing that, midway betwele limits of its range(s) of

adjustment. At the end of propelled travel, threeghg wheel shall be left free,

with its spokes in the position which accordingthe manufacturer corresponds
to straight-ahead travel of the vehicle.

Glazing

The movable glazing of the vehicle shall be in thesed position. For test
measurement purposes and in agreement with the facamer, it may be

lowered, provided that the position of the opeativandle corresponds to the
closed position.

Gear-change lever

The gear-change lever shall be in the neutral iposit
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1.4.3.4. Pedals

The pedals shall be in their normal position of.rdsadjustable, they shall be set
in their mid position unless another position ie@fied by the manufacturer.

1.4.3.5. Doors
The doors shall be closed but not locked.

1.4.3.6. Opening roof

If an opening or removable roof is fitted, it sha# in place and in the closed
position. For test measurement purposes and eeagnt with the manufacturer,
it may be open.

1.4.3.7. Sun-visor

The sun-visors shall be in the stowed position.

1.4.3.8. Rear-view mirror

The interior rear-view mirror shall be in the notrpasition of use.
1.4.3.9. Arm-rests

Arm-rests at the front and rear, if movable, sbalin the lowered position, unless
this is prevented by the position of the dummiethevehicles.

1.4.3.10. Head restraints

Head restraints adjustable for height shall béairtuppermost position.
1.4.3.11. Seats

1.4.3.11.1. Position of front seats

Seats adjustable longitudinally shall be placethst their "H" point, determined
in accordance with the procedure set out in Annéx i the middle position of
travel or in the nearest locking position theretod at the height position defined
by the manufacturer (if independently adjustable Height). In the case of a
bench seat, the reference shall be to the "H" paditite driver's place.
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1.4.3.11.2. _Position of the front seat-backs
If adjustable, the seat-backs shall be adjustethabthe resulting inclination of
the torso of the dummy is as close as possiblenad tecommended by the
manufacturer for normal use or, in the absencengfparticular recommendation
by the manufacturer, to 25° towards the rear froenvertical.

1.4.3.11.3. _Rear seats
If adjustable, the rear seats or rear bench séat$ Ise placed in the rearmost
position.

2. DUMMIES

2.1. Front seats

2.1.1. A dummy corresponding to the specificatitorsHybrid Il 1/ fitted with a 45°
ankle and meeting the specifications for its adpesit shall be installed in each of
the front outboard seats in accordance with thaitions set out in Annex 5.
The dummy shall be equipped for recording the datzessary to determine the
performance criteria with measuring systems comedmg to the specifications
in Annex 8. The ankle of the dummy shall be cetifin accordance with the
procedures in Annex 10.

2.1.2. The car will be tested with restraint syseas provided by the manufacturer.

3. PROPULSION AND COURSE OF VEHICLE

3.1 The vehicle shall be propelled either by is@ngine or by any other propelling
device.

3.2. At the moment of impact the vehicle shall ooder be subject to the action of
any additional steering or propelling device.

3.3. The course of the vehicle shall be such thatatisfies the requirements of

paragraphs 1.2. and 1.3.1.

L The technical specifications and detailed drawin§dybrid Ill, corresponding to the

principal dimensions of a fiftieth percentile malé the United States of America, and the
specifications for its adjustment for this test deposited with the Secretary-General of the
United Nations and may be consulted on requesteaseécretariat of the Economic Commission
for Europe, Palais des Nations, Geneva, Switzerland
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TEST SPEED

Vehicle speed at the moment of impact shall be(861- km/h. However, if the
test was performed at a higher impact speed andethiele met the requirements,
the test shall be considered satisfactory.

MEASUREMENTS TO BE MADE ON DUMMY IN FRONT SEATS
All the measurements necessary for the vatiba of the performance criteria
shall be made with measurement systems correspphalithe specifications of

Annex 8.

The different parameters shall be recordedutiit independent data channels of
the following CFC (Channel Frequency Class):

Measurements in the head of the dummy

The acceleration (a) referring to the centre o¥igyas calculated from the triaxial
components of the acceleration measured with a @AOO00.

Measurements in the neck of the dummy

The axial tensile force and the fore/htas force at the neck/head interface are
measured with a CFC of 1000.

The bending moment about a lateral axibeaheck/head interface are measured
with a CFC of 600.

Measurements in the thorax of the dummy

The chest deflection between the sternum and time $ measured with a CFC
of 180.

Measurements in the femur and tibia of tamy

The axial compressive force and the bendioments are measured with a CFC
of 600.

The displacement of the tibia with resgecthe femur is measured at the knee
sliding joint with a CFC of 180.
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6.1.

6.2.

MEASUREMENTS TO BE MADE ON THE VEHICLE

To enable the simplified test described in &nr/7 to be carried out, the
deceleration time history of the structure shalldeéermined on the basis of the
value of the longitudinal accelerometers at theelghe "B" pillar on the struck

side of the vehicle with a CFC of 180 by meansathcthannels corresponding to
the requirements set out in Annex 8;

The speed time history which will be used he test procedure described in
Annex 7 shall be obtained from the longitudinaledemometer at the "B" pillar on
the struck side.
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Annex 4
DETERMINATION OF PERFORMANCE CRITERIA

HEAD PERFORMANCE CRITERION (HPC) AND 3 ms HEAD
ACCELERATION

The head performance criterion (HPC) is carsid to be satisfied when, during
the test, there is no contact between the hea@dmaygehicle component.

If, during the test, there is contact betwdwnhead and any vehicle component, a
calculation of HPC is made, on the basis of theelecation (a), measured
according to paragraph 5.2.1. of Annex 3, by thiefong expression:

& 25
HPC:(tz—tl){ 1 jadt}

t, -t t,

in which:

the term "a" is the resultant acceleratiaasured according to paragraph 5.2.1.
of Annex 3 and is measured in units of gravityl@E 9,81 m/A;

if the beginning of the head contact camld&termined satisfactorily; aind ¢ are
the two time instants, expressed in seconds, defiain interval between the
beginning of the head contact and the end of tberdeng for which the value of
HPC is maximum;

if the beginning of the head contact carbetdetermined,tand ¢ are the two
time instants, expressed in seconds, defining e tinterval between the
beginning and the end of the recording for whiah\hlue of HPC is maximum;

values of HPC for which the time interval {tt;) is greater than 36 ms are
ignored for the purposes of calculating the maxinuatue.

The value of the resultant head accelerationng forward impact which is
exceeded for 3 ms cumulatively is calculated fromn tesultant head acceleration
measured according to paragraph 5.2.1. of Annex 3.
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2.1.

2.2.

2.3.

3.1.

3.2.

4.1.

5.1.

NECK INJURY CRITERIA (NIC)

These criteria are determined by the compresaxial force, the axial tensile
force and the fore/aft shear forces at the heakl/meerface, expressed in kN and
measured according to paragraph 5.2.2. of Annexd3bgy the duration of these
forces expressed in ms.

The neck bending moment criterion is deterohity the bending moment,
expressed in Nm, about a lateral axis at the heakl/interface and measured
according to paragraph 5.2.2. of Annex 3.

The neck flexion bending moment, expressédhm shall be recorded.

THORAX COMPRESSION CRITERION (ThCC) AND VISCOUSRITERION
(V*C)

The thorax compression criterion is determimgthe absolute value of the thorax
deformation, expressed in mm and measured accotdirgaragraph 5.2.3. of
Annex 3.

The viscous criterion (V * C) is calculated the instantaneous product of the
compression and the rate of deflection of the strnmeasured according to
paragraph 6. and also paragraph 5.2.3. of Annex 3.

FEMUR FORCE CRITERION (FFC)

This criterion is determined by the compresso@ad expressed in kN, transmitted
axially on each femur of the dummy and measuredrdong to paragraph 5.2.4.
of Annex 3 and by the duration of the compresspagllexpressed in ms.

TIBIA COMPRESSIVE FORCE CRITERION (TCFC) ANDBIA INDEX (TI)
The tibia compressive force criterion is detieed by the compressive load (Fz)

expressed in kN, transmitted axially on each tiidhe dummy and measured
according to paragraph 5.2.4. of Annex 3.
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The tibia index is calculated on the basishef bending moments @vand M)
measured according to paragraph 5.1. by the foligwexpression:

T|:DMR/(M(:)RD+DF2/(F(:)2D

where:
Mx = bending moment about the x axis
My = bending moment about the y axis
(Mc)r = critical bending moment and shall be taken t@2& Nm
Fz = compressive axial force in the z direction
(Fc)z = critical compressive force in the z directiordashall be taken to be
35.9 kN and
Me = (M) + (M)’

The tibia index is calculated for the top and tl&tdm of each tibia; however; F
may be measured at either location. The valueirsdalais used for the top and
bottom TI calculations. Moments  Mand M, are both measured separately at
both locations.

PROCEDURE FOR CALCULATING THE VISCOUS CRITERIA (* C) FOR
HYBRID Il DUMMY

The viscous criterion is calculated as thetamsneous product of the
compression and the rate of deflection of the st@rn Both are derived from the
measurement of sternum deflection.

The sternum deflection response is filtereckcet CFC 180. The compression at
time t is calculated from this filtered signal as:

D(t)

C,=—O
® " 0.22¢

The sternum deflection velocity at time t is castat from the filtered deflection
as:

V.. = 8 (D(t+1) - D(t—l))_ (D(t+2) - D(t—Z))
® = 120t
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where D) is the deflection at time t in metres aédis the time interval in
seconds between the measurements of deflectioa.mBEximum value oft shall
be 1.25 x 1J seconds. This calculation procedure is shownrdiamatically

below:
Measured deflection
30
| Filter at CFC 180 |
|
| |
Calculate deflection Calculate_ compressiorn
velocity : Cow
Vo

Calculate viscous criterion gt
time t

(V*C)p=13 (V- Cp)

Determine the maximum vallie
of V*C

(V* C) max=max [(V * C)]
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Annex 5

ARRANGEMENT AND INSTALLATION OF DUMMIES AND
ADJUSTMENT OF RESTRAINT SYSTEMS

ARRANGEMENT OF DUMMIES

Separate seats

The plane of symmetry of the dummy shall coincidéhwhe vertical median
plane of the seat.

Front bench seat

Driver

The plane of symmetry of the dummy shall lie in thetical plane passing
through the steering wheel centre and paralléh¢dangitudinal median plane of
the vehicle. If the seating position is determigdhe shape of the bench, such
seat shall be regarded as a separate seat.

Outer passenger

The plane of symmetry of the dummy shall be symicedtwith that of the driver
dummy relative to the longitudinal median planetioé vehicle. If the seating
position is determined by the shape of the benath seat shall be regarded as a
separate seat.

Bench seat for front passeng@rst including driver)

The planes of symmetry of the dummy shall coincidid the median planes of
the seating positions defined by the manufacturer.

INSTALLATION OF DUMMIES
Head

The transverse instrumentation platform of the helall be horizontal within
2.5°. To level the head of the test dummy in vielsievith upright seats with non-
adjustable backs, the following sequences mustobewed. First adjust the
position of the "H" point within the limits set fbrin paragraph 2.4.3.1. below to
level the transverse instrumentation platform @& tead of the test dummy. If
the transverse instrumentation platform of the hisastill not level, then adjust
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2.2.

2.2.1.

2.2.2.

2.3.

2.3.1.

2.3.2.

2.4,

2.4.1.

2.4.2.

the pelvic angle of the test dummy within the Isrrovided in paragraph 2.4.3.2.
below. If the transverse instrumentation platfasmthe head is still not level,

then adjust the neck bracket of the test dummyrtilmum amount necessary to
ensure that the transverse instrumentation platfofmhe head is horizontal

within 2.5°.

Arms

The driver's upper arms shall be adjacetitg¢dorso with the centrelines as close
to a vertical plane as possible.

The passenger's upper arms shall be inctonith the seat back and the sides of
the torso.

Hands

The palms of the driver test dummy shallrbeontact with the outer part of the
steering wheel rim at the rim's horizontal centreli The thumbs shall be over the
steering wheel rim and shall be lightly taped te siteering wheel rim so that if
the hand of the test dummy is pushed upward bycefof not less than 9 N and
not more than 22 N, the tape shall release the frandthe steering wheel rim.

The palms of the passenger test dummy bRal contact with outside of thigh.
The little finger shall be in contact with the seashion.

Torso

In vehicles equipped with bench seats, gpeutorso of the driver and passenger
test dummies shall rest against the seat back. nliigagittal plane of the driver
dummy shall be vertical and parallel to the velsclengitudinal centreline, and
pass through the centre of the steering wheel rithe midsagittal plane of the
passenger dummy shall be vertical and parallelh® \ehicle's longitudinal
centreline and the same distance from the vehildetitudinal centreline as the
midsagittal plane of the driver dummy.

In vehicles equipped with individual sedts upper torso of the driver and
passenger test dummies shall rest against théoaekt The midsagittal plane of
the driver and the passenger dummy shall be vediwa shall coincide with the
longitudinal centreline of the individual seat.
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Lower torso

"H" point

The "H" point of the driver and passenger test dugsnshall coincide within
13 mm in the vertical dimension and 13 mm in thezamtal dimension, with a
point 6 mm below the position of the "H" point deténed using the procedure
described in Annex 6 except that the length ofitkeer leg and thigh segments of
the "H" point machine shall be adjusted to 414 408l mm, instead of 432 and
417 mm respectively.

Pelvic angle

As determined using the pelvic angle gauge (GM)wirg 78051-532

incorporated by reference in Part 572 which isregkinto the "H" point gauging
hole of the dummy, the angle measured from thezbotal on the 76.2 mm
(3 inch) flat surface of the gauge shall be 22 réles plus or minus 2.5 degrees.

Ledgs

The upper legs of the driver and passenger testrdesnshall rest against the seat
cushion to the extent permitted by placement offdet. The initial distance
between the outboard knee clevis flange surfacak Isé 270 mnt 10 mm. To
the extent practicable, the left leg of the dridermmy and both legs of the
passenger dummy shall be in vertical longitudinddnes. To the extent
practicable, the right leg of the driver dummy slva in a vertical plane. Final
adjustment to accommodate placement of feet inrdaocce with paragraph 2.6.
for various passenger compartment configuratiopeimitted.

Feet

The right foot of the driver test dummy $hatt on the undepressed accelerator
with the rearmost point of the heel on the floorface in the plane of the pedal.
If the foot cannot be placed on the acceleratorapeil shall be positioned
perpendicular to the tibia and placed as far fodnas possible in the direction of
the centreline of the pedal with the rearmost pofrithe heel resting on the floor
surface. The heel of the left foot shall be plassedar forward as possible and
shall rest on the floor pan. The left foot shallsitioned as flat as possible on
the toeboard. The longitudinal centreline of te& foot shall be placed as
parallel as possible to the longitudinal centrebifiéhe vehicle.
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2.6.2.

2.7.

2.8.

2.9.

2.9.1.

2.9.2.

The heels of both feet of the passengedtesimy shall be placed as far forward
as possible and shall rest on the floor pan. Behshall be positioned as flat as
possible on the toeboard. The longitudinal ceimeedf the feet shall be placed as
parallel as possible to the longitudinal centrebh¢he vehicle.

The measuring instruments installed shallim@ny way affect the movement of
the dummy during impact.

The temperature of the dummies and the systeneasuring instruments shall be
stabilized before the test and maintained so fgooasible within a range between
19 °C and 22 °C.

Dummy clothing

The instrumented dummies will be clothedoimfitting cotton stretch garments
with short sleeves and mid-calf length trousersciéigel in FMVSS 208,
drawings 78051-292 and 293 or their equivalent.

A size 11XW shoe, which meets the configanasize, sole and heel thickness
specifications of the US military standard MIL S192, revision P and whose
weight is 0.57+ 0.1 kg, shall be placed and fastened on eachdbdte test
dummies.

ADJUSTMENT OF RESTRAINT SYSTEM

With the test dummy at its designated seating posits specified by the

appropriate requirements of paragraphs 2.1. thr@ugh place the belt around the
test dummy and fasten the latch. Remove all sfemk the lap belt. Pull the

upper torso webbing out of the retractor and alibwo retract. Repeat this

operation four times. Apply a 9 to 18 N tensioaddo the lap belt. If the belt
system is equipped with a tension-relieving devitcdgtoduce the maximum

amount of slack into the upper torso belt that e&commended by the

manufacturer for normal use in the owner's manaalttie vehicle. If the belt

system is not equipped with a tension-relievingicevallow the excess webbing
in the shoulder belt to be retracted by the retradbrce of the retractor.
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Annex 6

PROCEDURE FOR DETERMINING THE "H" POINT AND THE AUAL
TORSO ANGLE FOR SEATING POSITIONS IN MOTOR VEHICEE

PURPOSE

The procedure described in this annex is usedtabkesh the "H" point location

and the actual torso angle for one or several reggibsitions in a motor vehicle
and to verify the relationship of measured datddsign specifications given by
the vehicle manufacturer/ 1

DEFINITIONS

For the purposes of this annex:

"Reference ddtaneans one or several of the following charadiesf a seating
position:

the "H" point and the "R" point and theilat@®nship,
the actual torso angle and the design tmgte and their relationship.
"Three-dimensional "H" point maching@-D H machine) means the device used

for the determination of "H" points and actual torangles. This device is
described in Appendix 1 to this annex;

"™H" point' means the pivot centre of the torso and the thloglthe 3-D H
machine installed in the vehicle seat in accordamtie paragraph 4 below. The
"H" point is located in the centre of the centreliof the device which is between
the "H" point sight buttons on either side of th® 3 machine. The "H" point
corresponds theoretically to the "R" point (foret@inces see paragraph 3.2.2.
below). Once determined in accordance with theceuare described in
paragraph 4., the "H" point is considered fixedrehation to the seat-cushion
structure and to move with it when the seat is stejl;

"R" point' or "seating reference poinmeans a design point defined by the
vehicle manufacturer for each seating position estdblished with respect to the
three-dimensional reference system,;

i

In any seating position other than front seats whhe "H" point cannot be determined

Gsing the "Three-dimensional "H" point machine"poocedures, the "R" point indicated by the
manufacturer may be taken as a reference at tbeetiom of the Competent Authority.
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2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

2.11.

3.1.

3.1.1.

3.1.2.

3.1.3.

"Torso-liné means the centreline of the probe of the 3-D Hhmre with the
probe in the fully rearward position;

"Actual torso anglemeans the angle measured between a verticalimegh the
"H" point and the torso line using the back angladrant on the 3-D H machine.
The actual torso angle corresponds theoreticallyh&o design torso angle (for
tolerances see paragraph 3.2.2. below):

"Design torso andlaneans the angle measures between a verticathimoeigh
the "R" point and the torso line in a position whicorresponds to the design
position of the seat-back established by the velmwnufacturer;

"Centreplane of occupdr{C/LO) means the median plane of the 3-D H maghin
positioned in each designated seating positias;riepresented by the co-ordinate
of the "H" point on the "Y" axis. For individuakats, the centreplane of the seat
coincides with the centreplane of the occupant. dfleer seats, the centreplane of
the occupant is specified by the manufacturer;

"Three-dimensional reference systeneans a system as described in Appendix 2
to this annex;

"Fiducial marKsare physical points (holes, surfaces, marks dembations) on
the vehicle body as defined by the manufacturer;

"Vehicle measuring attitutleneans the position of the vehicle as definedHey t
co-ordinates of fiducial marks in the three-dimensi reference system.

REQUIREMENTS

Data presentation

For each seating position where reference data rageired in order to
demonstrate compliance with the provisions of thesent Regulation, all or an
appropriate selection of the following data sha#l presented in the form
indicated in Appendix 3 to this annex:

the co-ordinates of the "R" point relative the three-dimensional reference
system;

the design torso angle;

all indications necessary to adjust the §éat is adjustable) to the measuring
position set out in paragraph 4.3. below.
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Relationship between measured data and dsgenifications

The co-ordinates of the "H" point and thkigaf the actual torso angle obtained
by the procedure set out in paragraph 4. below sigatompared, respectively,

with the co-ordinates of the "R" point and the ealf the design torso angle

indicated by the vehicle manufacturer.

The relative positions of the "R" point atmeé "H" point and the relationship
between the design torso angle and the actual tmgte shall be considered
satisfactory for the seating position in questibthe "H" point, as defined by its
co-ordinates, lies within a square of 50 mm sideglle with horizontal and

vertical sides whose diagonals intersect at the p&iht, and if the actual torso
angle is within 5E of the design torso angle.

If these conditions are met, the "R" poimd ¢he design torso angle, shall be used
to demonstrate compliance with the provisions & Regulation.

If the "H" point or the actual torso angleed not satisfy the requirements of
paragraph 3.2.2. above, the "H" point and the &ctaeso angle shall be

determined twice more (three times in all). If tlesults of two of these three
operations satisfy the requirements, the conditadrgaragraph 3.2.3. above shall

apply.

If the results of at least two of the thogerations described in paragraph 3.2.4.
above do not satisfy the requirements of paragrajh2. above, or if the
verification cannot take place because the vehetnufacturer has failed to
supply information regarding the position of the"'{®int or regarding the design
torso angle, the centroid of the three measuredtpair the average of the three
measured angles shall be used and be regardeg@lasble in all cases where the
"R" point or the design torso angle is referrethtthis Regulation.

PROCEDURE FOR "H" POINT AND ACTUAL TORSO ANGLE
DETERMINATION

The vehicle shall be preconditioned at the ufemsturer's discretion, at a

temperature of 2Gt 10 °C to ensure that the seat material reached roo
temperature. If the seat to be checked has nex@m bat upon, a 70 to 80 kg
person or device shall sit on the seat twice fa minute to flex the cushion and

back. At the manufacturer's request, all seatnalsies shall remain unloaded for

a minimum period of 30 min prior to installationtbe 3-D H machine.

The vehicle shall be at the measuring attitiefened in paragraph 2.11. above.
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4.3.

4.4.

4.5.

4.6.

4.7.
4.7.1.

4.7.1.1.

The seat, if it is adjustable, shall be adddirst to the rearmost normal driving
or riding position, as indicated by the vehicle wmi@cturer, taking into
consideration only the longitudinal adjustment loé seat, excluding seat travel
used for purposes other than normal driving orngdpositions. Where other
modes of seat adjustment exist (vertical, ang@eat-back, etc.) these will then
be adjusted to the position specified by the vehmshnufacturer. For suspension
seats, the vertical position shall be rigidly fixaatresponding to a normal driving
position as specified by the manufacturer.

The area of the seating position contactethey3-D H machine shall be covered
by a muslin cotton, of sufficient size and appraf&itexture, described as a plain
cotton fabric having 18.9 threads per cm? and weggyB.228 kg/m? or knitted or
non-woven fabric having equivalent characteristi€ghe test is run on a seat
outside the vehicle, the floor on which the seapleced shall have the same
essential characteristicg @&s the floor of the vehicle in which the seaniended

to be used.

Place the seat and back assembly of the 3akat¢hine so that the centreplane of
the occupant (C/LO) coincides with the centreplaitine 3-D H machine. At the
manufacturer's request, the 3-D H machine may beethmboard with respect to
the C/LO if the 3-D H machine is located so farbmatrd that the seat edge will
not permit levelling of the 3-D H machine.

Attach the foot and lower leg assemblies te #eat pan assembly, either
individually or by using the T-bar and lower legsasbly. A line through the
"H" point sight buttons shall be parallel to thegnd and perpendicular to the
longitudinal centreplane of the seat.

Adjust the feet and leg positions of the 3-Inkichine as follows:
Designated seating position: driver angidetfront passenger

Both feet and leg assemblies shall be chémevard in such a way that the feet
take up natural positions on the floor, betweendperating pedals if necessary.
Where possible the left foot shall be located apipnately the same distance to
the left of the centreplane of the 3-D H machinghasright foot is to the right.
The spirit level verifying the transverse oriertatiof the 3-D H machine is
brought to the horizontal by readjustment of thatgean if necessary, or by
adjusting the leg and foot assemblies towards ¢he r The line passing through
the "H" point sight buttons shall be maintainedpesdicular to the longitudinal
centreplane of the seat.

2/ Tilt angle, height difference with a seat mougtisurface texture, etc.
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If the left leg cannot be kept parallettiie right leg and the left foot cannot be
supported by the structure, move the left footlunhis supported. The alignment
of the sight buttons shall be maintained.

Designated seating position: outboard rear

For rear seats or auxiliary seats, the legs aratddc as specified by the
manufacturer. If the feet then rest on parts ef flbor which are at different
levels, the foot which first comes into contacthwibe front seat shall serve as a
reference and the other foot shall be so arranigadthe spirit level giving the
transverse orientation of the seat of the devideates the horizontal.

Other designated seating positions:

The general procedure indicated in paragraph 4abbve shall be followed
except that the feet shall be placed as specifyetid vehicle manufacturer.

Apply lower leg and thigh weights and leved 8tD H machine.

Tilt the back pan forward against the forwatdp and draw the 3-D H machine
away from the seat-back using the T-bar. Repositi@ 3-D H machine on the
seat by one of the following methods:

If the 3-D H machine tends to slide rearwask the following procedure. Allow

the 3-D H machine to slide rearward until a forwhatizontal restraining load on

the T-bar is no longer required i.e. until the spanh contacts the seat-back. If
necessary, reposition the lower leg.

If the 3-D H machine does not tend to stelward, use the following procedure.
Slide the 3-D H machine rearwards by applying azootal rearward load to the
T-bar until the seat pan contacts the seat-baekRggire 2 of Appendix 1 to this
annex).

Apply a 10@: 10 N load to the back and pan assembly of theR34Dachine at
the intersection of the hip angle quadrant andrtbar housing. The direction of
load application shall be maintained along a lineging by the above intersection
to a point just above the thigh bar housing (sepuréi 2 of Appendix 1 to this
annex). Then carefully return the back pan to skat-back. Care must be
exercised throughout the remainder of the procedure to prevéhe
3-D H machine from sliding forward.

Install the right and left buttock weightsdatinen, alternately, the eight torso
weights. Maintain the 3-D H machine level.



E/ECE/324

E/ECE/TRANS/505

} Rev.1/Add.93/Rev.1

Regulation No. 94

page 46
Annex 6

4.12.

4.13.

Tilt the back pan forward to release the iten®n the seat-back. Rock the
3-D H machine from side to side through a 10° &fct¢ each side of the vertical
centreplane) for three complete cycles to releasg @accumulated friction
between the 3-D H machine and the seat.

During the rocking action, the T-bar of the 3-D Fchine may tend to diverge
from the specified horizontal and vertical alignmemhe T-bar must therefore be
restrained by applying an appropriate lateral lodading the rocking motions.
Care shall be exercised in holding the T-bar argking the 3-D H machine to
ensure that no inadvertent exterior loads are egph a vertical or fore and aft
direction.

The feet of the 3-D H machine are not to be restichior held during this step. If
the feet change position, they should be allowecttoain in that attitude for the
moment.

Carefully return the back pan to the seat-backdaatk the two spirits levels for
zero position. If any movement of the feet has aexl during the rocking
operation of the 3-D H machine, they must be rdmrsd as follows:

Alternately, lift each foot off the floor the minuim necessary amount until no
additional foot movement is obtained. During thiisrlg, the feet are to be free to
rotate; and no forward or lateral loads are to fq@ied. When each foot is placed
back in the down position, the heel is to be intaohwith the structure designed
for this.

Check the lateral spirit level for zero positiohnecessary, apply a lateral load to
the top of the back pan sufficient to level the 3dDmachine's seat pan on the
seat.

Holding the T-bar to prevent the 3-D H maehfirom sliding forward on the seat
cushion, proceed as follows:

(@) return the back pan to the seat-back;

(b) alternately apply and release a horizontalwaed load, not to exceed
25 N, to the back angle bar at a height approxiipatethe centre of the
torso weights until the hip angle quadrant indisdteat a stable position
has been reached after load release. Care shakdreised to ensure that
no exterior downward or lateral loads are applethe 3-D H machine. If
another level adjustment of the 3-D H machine isessary, rotate the
back pan forward, re-level, and repeat the proeetitom paragraph 4.12.
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Take all measurements:

The co-ordinates of the "H" point are meaguwith respect to the three-
dimensional reference system.

The actual torso angle is read at the bachke quadrant of the 3-D H machine
with the probe in its fully rearward position.

If a re-run of the installation of the 3-Dririchine is desired, the seat assembly
should remain unloaded for a minimum period of 3 mrior to the re-run.
The 3-D H machine should not be left loaded onstbegt assembly longer than the
time required to perform the test.

If the seats in the same row can be regaadesimilar (bench seat, identical seats,
etc.) only one "H" point and one "actual torso ahghall be determined for each
row of seats, the 3-D H machine described in Appeddto this annex being
seated in a place regarded as representativedaotir This place shall be:

in the case of the front row, the drive€at;

in the case of the rear row or rows, aerosgat.
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Annex 6 - Appendix 1

DESCRIPTION OF THE THREE-DIMENSIONAL "H" POINT MABINE */
(3-D H machine)

1. Back and seat pans

The back and seat pans are constructed of reedoptastic and metal; they
simulate the human torso and thigh and are mechliantinged at the "H" point.

A quadrant is fastened to the probe hinged at tepbint to measure the actual
torso angle. An adjustable thigh bar, attachetiécseat pan, establishes the thigh
centreline and serves as a baseline for the hije ajugdrant.

2. Body and leg elements

Lower leg segments are connected to the seat gmambly at the T-bar joining
the knees, which is a lateral extension of thesdple thigh bar. Quadrants are
incorporated in the lower leg segments to measoe® kangles. Shoe and foot
assemblies are calibrated to measure the foot anble spirit levels orient the
device in space. Body element weights are plat#aeacorresponding centres of
gravity to provide seat penetration equivalent t66akg male. All joints of the
3-D H machine should be checked for free movemerthowt encountering
noticeable friction.

*/  For details of the construction of the 3-D H maehrefer to Society of Automobile
Engineers (SAE), 400 Commonwealth Drive, Warrendaénnsylvania 15096, United States of
America.

The machine corresponds to that described in [&@dard 6549-1980.
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Head room
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Torso weight
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H-point sight

Thigh weight pad button

T-bar joining /I
the knees /

H-point pivot
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Thigh bar

Knee angle quadrant

% Foot angle quadrant

Figure 1- 3-D H machine element designation
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)
/

. J II\// Buttock weight

Figure 2- Dimensions of the 3-D H machine elements and thatribution
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Annex 6 - Appendix 2

THREE-DIMENSIONAL REFERENCE SYSTEM

The three-dimensional reference system is defimg three orthogonal planes
established by the vehicle manufacturer (see fjgdre

The vehicle measuring attitude is establishegdsitioning the vehicle on the
supporting surface such that the co-ordinates @ffittucial marks correspond to

the values indicated by the manufacturer.

The co-ordinates of the "R" point and the "Hinpare established in relation to
the fiducial marks defined by the vehicle manufestu

Zero Y plane (vertical

longitudinal_zero plane)

Zero X plane (vertical

transverse zero plane)

N

Figure - Three-dimensional reference system

The reference system corresponds to ISO stardz8@d, 1978.
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Annex 6 - Appendix 3

REFERENCE DATA CONCERNING SEATING POSITIONS
1. Coding of reference data

Reference data are listed consecutively for eachtirgge position. Seating

positions are identified by a two-digit code. Thrst digit is an Arabic numeral

and designates the row of seats, counting fronfrtire to the rear of the vehicle.
The second digit is a capital letter which desigaahe location of the seating
position in a row, as viewed in the direction ofWard motion of the vehicle; the
following letters shall be used:

L = left
C =centre
R =right
2. Description of vehicle measuring attitude

2.1. Co-ordinates of fiducial marks

3. List of reference data
3.1. Seating position: ........ccccc..eeee

3.1.1. Co-ordinates of "R" point

3.1.2. Design torso angle:
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3.1.3. Specifications for seat adjustmeht *

horizontal :  .................
vertical :© .
angular
torso angle: ..o
Note List reference data for further seating possgionder 3.2., 3.3., etc.

*/ Strike out what does not apply.
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1.2.

1.2.1.

1.2.2.

1.3.

1.3.1.

1.3.2.

1.3.3.

1.3.4.

Annex 7
TEST PROCEDURE WITH TROLLEY
TEST INSTALLATION AND PROCEDURE

Trolley

The trolley shall be so constructed that no peenaeformation appears after
the test. It shall be so guided that, during thpact phase, the deviation in the
vertical plane does not exceed 5° and 2° in thezbotal plane.

State of the structure

General

The structure tested shall be representativeeo§éhnies production of the vehicles
concerned. Some components may be replaced orvesimahere such
replacement or removal clearly has no effect ortéberesults.

Adjustments

Adjustments shall conform to those set out in gaaph 1.4.3. of Annex 3 to this
Regulation, taking into account what is statedaregraph 1.2.1.

Attachment of the structure

The structure shall be firmly attached t® titolley in such a way that no relative
displacement occurs during the test.

The method used to fasten the structurbddrblley shall not have the effect of
strengthening the seat anchorages or restraintcegvior of producing any
abnormal deformation of the structure.

The attachment device recommended is tharekly the structure rests on
supports placed approximately in the axis of theelh or, if possible, whereby
the structure is secured to the trolley by theef@isigs of the suspension system.

The angle between the longitudinal axihefitehicle and the direction of motion
of the trolley shall be 0° + 2°.
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Dummies

The dummies and their positioning shall confornthi® specifications in Annex 3,
paragraph 2.

Measuring apparatus

Deceleration of the structure

The position of the transducers measuring theldexten of the structure during
the impact shall be parallel to the longitudinaisaof the trolley according to the
specifications of Annex 8 (CFC 180).

Measurements to be made on the dummies

All the measurements necessary for checking tstedi criteria are set out in
Annex 3, paragraph 5.

Deceleration curve of the structure

The deceleration curve of the structure duringithigact phase shall be such that
the "variation of speed in relation to time" curektained by integration at no
point differs by more that 1 m/s from the "variation of speed in relatiortitoe”
reference curve of the vehicle concerned as defmeghpendix to this annex. A
displacement with regard to the time axis of therence curve may be used to
obtain the structure velocity inside the corridor.

Reference curu&V = f(t) of the vehicle concerned

This reference curve is obtained by integratiorthef deceleration curve of the
vehicle concerned measured in the frontal collisiest against a barrier as
provided for in paragraph 6. of Annex 3 to this Ragjon.

Equivalent method

The test may be performed by some other methad tthet of deceleration of a
trolley, provided that such method complies witk tequirement concerning the
range of variation of speed described in paragfaph
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EQUIVALENCE CURVE - TOLERANCE BAND FOR CURVRYV = f(t)
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Annex 8

TECHNIQUE OF MEASUREMENT IN MEASUREMENT TESTS:
INSTRUMENTATION

DEFINITIONS

Data channel

A data channel comprises all the instrumentatromfa transducer (or multiple
transducers whose outputs are combined in somefisdegvay) up to and

including any analysis procedures that may alter flequency content or the
amplitude content of data.

Transducer

The first device in a data channel used to conaeghysical quantity to be
measured into a second quantity (such as an elgctroltage) which can be

processed by the remainder of the channel.

Channel amplitude class: CAC

The designation for a data channel that meetsicesaimplitude characteristics as
specified in this annex. The CAC number is numdsicaqual to the upper limit
of the measurement range.

Characteristic frequencies, i/, Fv

These frequencies are defined in Figure 1.

Channels frequency class: CFC

The channel frequency class is designated by d&aumdicating that the channel
frequency response lies within the limits specified=igure 1. This number and
the value of the frequencyfin Hz are numerically equal.

Sensitivity coefficient

The slope of the straight line representing thst lfié to the calibration values
determined by the method of least square withircttemnel amplitude class.
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1.7.

1.8.

1.9.

1.10.

1.11.

2.1.

2.2.

Calibration factor of a data channel

The mean value of the sensitivity coefficientsleated over frequencies which

are evenly spaced on a logarithmic scale betvx@mnd'zz—'%.

Linearity error

The ratio, in per cent, of the maximum differef=tween the calibration value
and the corresponding value read on the straigbtdefined in paragraph 1.6. at
the upper limit of the channel amplitude class.

Cross sensitivity

The ratio of the output signal to the input sigr@hen an excitation is applied to
the transducer perpendicular to the measuremerst dixiis expressed as a
percentage of the sensitivity along the measureidast

Phase delay time

The phase delay time of a data channel is equaktphase delay (in radians) of a
sinusoidal signal, divided by the angular frequenafy that signal (in
radians/second).

Environment

The aggregate, at a given moment, of all extecoalditions and influences to
which the data channel is subjected.

PERFORMANCE REQUIREMENTS

Linearity error

The absolute value of the linearity error of aadettannel at any frequency in the
CFC, shall be equal to or less than 2.5 per cethefalue of the CAC, over the
whole measurement range.

Amplitude against frequency

The frequency response of a data channel shaliifien the limiting curves given
in Figure 1. The zero dB line is determined bydhkbration factor.
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Phase delay time

The phase delay time between the input and theubsignals of a data channel
shall be determined and shall not vary by more thd® Fy seconds between
0.03 iy and F.

Time

Time base

A time base shall be recorded and shall at least Y100 s with an accuracy of
1 per cent.

Relative time delay

The relative time delay between the signal of twonoore data channels,
regardless of their frequency class, must not ekdems excluding delay caused
by phase shift.

Two or more data channels of which the signalscamebined shall have the same
frequency class and shall not have relative timdaydegreater than
1/10 Ry seconds.

This requirement applies to analogue signals akaseio synchronization pulses
and digital signals.

Transducer cross sensitivity

The transducer cross sensitivity shall be less thper cent in any direction.
Calibration
General

A data channel shall be calibrated at least ongeaa against reference equipment
traceable to known standards. The methods usedrtg cut a comparison with
reference equipment shall not introduce an erreatgr than 1 per cent of the
CAC. The use of the reference equipment is limtedhe frequency range for
which they have been calibrated. Subsystems otadaennel may be evaluated
individually and the results factored into the aacy of the total data channel.
This can be done for example by an electrical $iggfaknown amplitude
simulating the output signal of the transducer Wrattlows a check to be made on
the gain factor of the data channel, excludingttaesducer.
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2.6.2.

2.6.2.1.

2.6.2.1.1.

2.6.2.1.2.

2.6.2.1.3.

2.6.2.2.

2.6.2.2.1.

2.6.2.3.

2.6.3.

Accuracy of reference equipment for calibrat

The accuracy of the reference equipment shall dréfied or endorsed by an
official metrology service.

Static calibration
Accelerations

The errors shall be less tharl.5 per cent of the channel amplitude class.
Forces

The error shall be less tharl per cent of the channel amplitude class.
Displacements

The error shall be less tharl per cent of the channel amplitude class.
Dynamic calibration
Accelerations

The error in the reference accelerations exprease percentage of the channel
amplitude class shall be less thlai.5 per cent below 400 Hz, less tha@ per
cent between 400 Hz and 900 Hz, and less #ha® per cent above 900 Hz.

Time

The relative error in the reference time shalldssithan 18

Sensitivity coefficient and linearity error

The sensitivity coefficient and the linearity erreshall be determined by
measuring the output signal of the data channehaga known input signal for
various values of this signal. The calibratiorntlod data channel shall cover the

whole range of the amplitude class.

For bi-directional channels, both the positive ardative values shall be used.
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If the calibration equipment cannot produce theumegl input owing to the
excessively high values of the quantity to be meskucalibrations shall be
carried out within the limits of the calibratioraatlards and these limits shall be
recorded in the test report.

A total data channel shall be calibrated at a feegy or at a spectrum of

frequencies having a significant value betwngrand;—'g.

Calibration of the frequency response

The response curves of phase and amplitude agéiequency shall be
determined by measuring the output signals of #ta dhannel in terms of phase
and amplitude against a known input signal, foriores values of this signal
varying between Fand 10 times the CFC or 3,000 Hz, whichever isilow

Environmental effects

A regular check shall be made to identify any emwnental influence (such as
electric or magnetic flux, cable velocity, etc.hi§ can be done for instance by
recording the output of spare channels equippeti Witmmy transducers. If

significant output signals are obtained correctaion shall be taken, for

instance by replacement of cables.

Choice and designation of the data channel

The CAC and CFC define a data channel.
The CAC shall be 1, 2 or 5 to a power of ten.

MOUNTING OF TRANSDUCERS

Transducers should be rigidly secured so that ttemiordings are affected by
vibration as little as possible. Any mounting hayalowest resonance frequency
equal to at least 5 times the frequengydfF the data channel considered shall be
considered valid. Acceleration transducers in paldr should be mounted in
such a way that the initial angle of the real measent axis to the corresponding
axis of the reference axis system is not greatan #° unless an analytical or
experimental assessment of the effect of the mognin the collected data is
made. When multi-axial accelerations at a point &rebe measured, each
acceleration transducer axis should pass withifmb@ of that point, and the
centre of seismic mass of each accelerometer sHmildithin 30 mm of that
point.
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4.1.

4.2.

4.3.

5.1.

5.2.

5.2.1.

5.2.2.

RECORDING

Analogue magnetic recorder

Tape speed should be stable to within not more @auper cent of the tape speed
used. The signal-to-noise ratio of the recordeukhoot be less than 42 dB at the
maximum tape speed. The total harmonic distortiaukl be less than 3 per cent
and the linearity error should be less than 1 pet of the measurement range.

Digital magnetic recorder

Tape speed should be stable to within not more l@aper cent of the tape speed
used.

Paper tape recorder

In case of direct data recording the paper speethnm's should be at least
1.5 times the number expressing iR Hz. In other cases the paper speed should
be such that equivalent resolution is obtained.

DATA PROCESSING

Filtering

Filtering corresponding to the frequencies of treadchannel class may be
carried out during either recording or processirfigdata. However, before

recording, analogical filtering at a higher leveah CFC should be effected in
order to use at least 50 per cent of the dynanmmge®f the recorder and to reduce
the risk of high frequencies saturating the recoatecausing aliasing errors in

the digitilizing process.

Digitilizing

Sampling frequency

The sampling frequency should be equal to at B&st In the case of analogical
recording, when the recording and reading speeesddferent, the sampling
frequency can be divided by the speed ratio.

Amplitude resolution

The size of digital words should be at least 7 &itd a parity bit.
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PRESENTATION OF RESULTS

The results should be presented on A4 size paf€@/R 216). Results presented
as diagrams should have axes scaled with a measnotemit corresponding to a
suitable multiple of the chosen unit (for exam@dlep, 5, 10, 20 millimetres). Sl

units shall be used, except for vehicle velocitheve km/h may be used, and for
accelerations due to impact where g, with g = 98¢, may be used.
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Figure 1- Frequency response curve
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Annex 9
DEFINITION OF DEFORMABLE BARRIER
1. COMPONENT AND MATERIAL SPECIFICATIONS

The dimensions of the barrier are illustrated igufé 1 of this annex. The
dimensions of the individual components of the iearare listed separately

below.
1.1. Main honeycomb block
Dimensions:
Height: 650 mm (in direction of honeycomb ribbonsax
Width: 1,000 mm
Depth: 450 mm (in direction of honeycomb cell axes)

All above dimensions should allow a tolerance @% mm

Material: Aluminium 3003 (ISO 209, Part 1)
Foil Thickness: 0.076 mm = 15 per cent
Cell Size: 19.1 mm + 20 per cent
Density: 28.6 kg/r+ 20 per cent
Crush Strength: 0.342 MPa +0 per cent -10 per bent
1.2. Bumper element
Dimensions:
Height: 330 mm (in direction of honeycomb ribbonsax
Width: 1,000 mm
Depth: 90 mm (in direction of honeycomb cell axes)

All above dimensions should allow a tolerance @% mm

Material: Aluminium 3003 (ISO 209, Part 1)
Foil Thickness: 0.076 mm = 15 per cent

Cell Size: 6.4 mm + 20 per cent

Density: 82.6 kg/m= 20 per cent

Crush Strength: 1.711 MPa +0 per cent -10 perbent

1/ In accordance with the certification procedursatibed in paragraph 2. of this annex.
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1.3. Backing sheet
Dimensions
Height: 800 mm £ 2.5 mm
Width: 1000 mm = 2.5 mm
Thickness: 2.0 mm = 0.1 mm
1.4. Cladding sheet
Dimensions
Length: 1700 mm £ 2.5 mm
Width: 1000 mm = 2.5 mm
Thickness: 0.81 +0.07 mm
Material: Aluminium 5251/5052 (ISO 209, part 1)
1.5. Bumper facing sheet
Dimensions
Height: 330 mm + 2.5 mm
Width: 1000 mm = 2.5 mm
Thickness: 0.81 mm = 0.07 mm
Material: Aluminium 5251/5052 (ISO 209, part 1)
1.6. Adhesive

The adhesive to be used throughout should be gasopolyurethane (such as
Ciba-Geigy XB5090/1 resin with XB5304 hardenerequivalent).

2. ALUMINIUM HONEYCOMB CERTIFICATION
A complete testing procedure for certification afmainium honeycomb is given
in NHTSA TP-214D. The following is a summary oétprocedure that should be
applied to materials for the frontal impact barrigrese materials having a crush
strength of 0.342 MPa and 1.711 MPa respectively.

2.1. Sample locations

To ensure uniformity of crush strength across thele of the barrier face, eight
samples shall be taken from four locations eveplced across the honeycomb
block. For a block to pass certification, severthafse eight samples shall meet
the crush strength requirements of the followingfises.
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The location of the samples depends on the sizeeohoneycomb block. First,
four samples, each measuring 300 mm x 300 mm xr&Qmck shall be cut from
the block of barrier face material. Please refeFigure 2 for an illustration of
how to locate these sections within the honeycotobkb Each of these larger
samples shall be cut into samples for certificatiesting (150 mm x 150 mm x
50 mm). Certification shall be based on the testhgwo samples from each of
these four locations. The other two should be nedelable to the applicant,
upon request.

Sample size

Samples of the following size shall be used fotings
Length: 150 mm £ 6 mm

Width: 150 mm £ 6 mm

Thickness: 50 mm =2 mm

The walls of incomplete cells around the edge efsample shall be trimmed as
follows:

In the "W" direction, the fringes shall be no gegahan 1.8 mm (see Figure 3).

In the "L" direction, half the length of one bondedll wall (in the ribbon
direction) shall be left at either end of the spem (see Figure 3).

Area measurement

The length of the sample shall be measured in tloesions, 12.7 mm from each
end and in the middle, and recorded as L1, L2 aBdHigure 3). In the same
manner, the width shall be measured and record&dlasv2 and W3 (Figure 3).
These measurements shall be taken on the centocdlthe thickness. The crush
area shall then be calculated as:

L1+L2+L3) . (W1+w2+w3)
3 3

A

Crush rate and distance

The sample shall be crushed at a rate of not hess 5.1 mm/min and not more
than 7.6 mm/min. The minimum crush distance d@all6.5 mm.



E/ECE/324

E/ECE/TRANS/505

} Rev.1/Add.93/Rev.1

Regulation No. 94

page 68
Annex 9

2.5.

2.6.

2.7.

2.8.

Data collection

Force versus deflection data are to be collectesitiver analog or digital form for
each sample tested. If analog data are collebtsta means of converting this to
digital shall be available. All digital data shak collected at a rate of not less
than 5 Hz (5 points per second).

Crush strength determination

Ignore all data prior to 6.4 mm of crush and attér5 mm of crush. Divide the
remaining data into three sections or displacenmetrvals (n = 1, 2, 3) (see
Figure 4) as follows:

(1) 06.4 mm - 09.7 mm inclusive,
(2) 09.7 mm - 13.2 mm exclusive,
(3) 13.2 mm - 16.5 mm inclusive.
Find the average for each section as follows:

(F(n)1+ F(n)2+...+ F(n)m)
m

F(n) = ''m=123

where m represents the number of data points meddor each of the three
intervals. Calculate the crush strength of eacti@eas follows:

S(n) = Fg]) ;' n=123

Sample crush strength specification

For a honeycomb sample to pass this certificatios,following conditions shall
be met:

0.308 MPa< S(n)< 0.342 MPa for 0.342 MPa material
1.540 MP& S(n)< 1.711 MPa for 1.711 MPa material

n=1, 2, 3.

Block crush strength specification

Eight samples are to be tested from four locatiemenly spaced across the block.
For a block to pass certification, seven of thehegpmples shall meet the crush
strength specification of the previous section.
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ADHESIVE BONDING PROCEDURE

Immediately before bonding, aluminium sheeaffages to be bonded shall be
thoroughly cleaned using a suitable solvent, sich-&-1 Trichloroethane. This
is to be carried out at least twice or as requiceeliminate grease or dirt deposits.
The cleaned surfaces shall then be abraded usifggti®2 abrasive paper.
Metallic/Silicon Carbide abrasive paper is not ®@used. The surfaces shall be
thoroughly abraded and the abrasive paper charegpdarly during the process
to avoid clogging, which may lead to a polishingeef. Following abrading, the
surfaces shall be thoroughly cleaned again, aseabdv total, the surfaces shall
be solvent cleaned at least four times. All dumst deposits left as a result of the
abrading process shall be removed, as these wiradly affect bonding.

The adhesive should be applied to one sudabg using a ribbed rubber roller.
In cases where honeycomb is to be bonded to alumirgheet, the adhesive
should be applied to the aluminium sheet only.

A maximum of 0.5 kg/rh shall be applied evenly over the surface, giving a
maximum film thickness of 0.5 mm.

CONSTRUCTION

The main honeycomb block shall be bonded ¢obtdcking sheet with adhesive
such that the cell axes are perpendicular to tleetsh The cladding shall be
bonded to the front surface of the honeycomb blotke top and bottom surfaces
of the cladding sheet shall not be bonded to thia im@neycomb block but should
be positioned closely to it. The cladding sheetllgdbe adhesively bonded to the
backing sheet at the mounting flanges.

The bumper element shall be adhesively bohaléige front of the cladding sheet
such that the cell axes are perpendicular to tkeetshThe bottom of the bumper
element shall be flush with the bottom surfacehef ¢ladding sheet. The bumper
facing sheet shall be adhesively bonded to the fsbthe bumper element.

The bumper element shall then be divided ihtee equal sections by means of
two horizontal slots. These slots shall be cubdgh the entire depth of the

bumper section and extend the whole width of thageer. The slots shall be cut

using a saw; their width shall be the width of Hi@de used and shall not exceed
4.0 mm.

Clearance holes for mounting the barrier areet drilled in the mounting flanges
(shown in Figure 5). The holes shall be of 9.5 diemeter. Five holes shall be
drilled in the top flange at a distance of 40 monirthe top edge of the flange and
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5.1.

5.2.

five in the bottom flange, 40 mm from the bottongedf that flange. The holes
shall be at 100 mm, 300 mm, 500 mm, 700 mm, 900from either edge of the
barrier. All holes shall be drilled to £ 1 mm dfetnominal distances. These hole
locations are a recommendation only. Alternatiesifoons may be used which
offer at least the mounting strength and securnitywided by the above mounting
specifications.

MOUNTING

The deformable barrier shall be rigidly fixedthe edge of a mass of not less than
7 x 10 kg or to some structure attached thereto. Theelattent of the barrier
face shall be such that the vehicle shall not airaay part of the structure more
than 75 mm from the top surface of the barrier l{giag the upper flange) during
any stage of the impact.2The front face of the surface to which the defable
barrier is attached shall be flat and continuouer dfie height and width of the
face and shall be vertical + 1° and perpendiculdr to the axis of the run-up
track. The attachment surface shall not be digolday more than 10 mm during
the test. If necessary, additional anchorage mstang devices shall be used to
prevent displacement of the concrete block. Thgeeanf the deformable barrier
shall be aligned with the edge of the concretelobgapropriate for the side of the
vehicle to be tested.

The deformable barrier shall be fixed to thearete block by means of ten bolts,
five in the top mounting flange and five in thetoot. These bolts shall be of at
least 8 mm diameter. Steel clamping strips shallubed for both the top and
bottom mounting flanges (see Figures 1 and 5).s@strips shall be 60 mm high
and 1000 mm wide and have a thickness of at lemstn3 The edges of the
clamping strips should be rounded-off to preveatitey of the barrier against the
strip during impact. The edge of the strip shduddlocated no more than 5 mm
above the base of the upper barrier-mounting flaogé mm below the top of the
lower barrier-mounting flange. Five clearance Ba€ 9.5 mm diameter must be
drilled in both strips to correspond with thosetire mounting flange on the
barrier (see paragraph 4.). The mounting strip laawdier flange holes may be
widened from 9.5 mm up to a maximum of 25 mm ineortb accommodate
differences in back-plate arrangements and/or tadidwall hole configurations.
None of the fixtures shall fail in the impact te#h. the case where the deformable
barrier is mounted on a load cell wall (LCW) it sk be noted that the above
dimensional requirements for mountings are intenged minimum. Where a
LCW is present, the mounting strips may be extentdedccommodate higher
mounting holes for the bolts. If the strips areuieed to be extended, then thicker

2/ A mass, the end of which is between 125 mm ari ragh high and 1,000 mm deep, is
considered to satisfy this requirement.
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gauge steel should be used accordingly, such hieabarrier does not pull away
from the wall, bend or tear during the impact. ali alternative method of
mounting the barrier is used, it should be at leastecure as that specified in the
above paragraphs.

Figure 1

Deformable barrier for frontal impact testing
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Barrier width: 1 000 mm
All dimensions in mm.
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Figure 2

Locations of samples for certification
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Figure 3

Honeycomb axes and measured dimensions
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f=0,8 mm
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Figure 4
Crush force and displacement
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Hole diameters 9.5 mm.
All dimensions in mm.
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Annex 10
CERTIFICATION PROCEDURE FOR THE DUMMY LOWER LEG ANBOOT
1. UPPER FOOT IMPACT TEST

1.1 The objective of this test is to measure #sponse of the Hybrid Il foot and
ankle to well-defined, hard faced pendulum impacts.

1.2. The complete Hybrid Il lower leg assemblyft 186-5001-001 ) and right
(86-5001-002), equipped with the foot and ankleadsy, left (78051-614) and
right (78051-615), shall be used, including the&kassembly.

The load cell simulator (78051-319 Rev A) shall used to secure the knee
assembly (78051-16 Rev B) to the test fixture.

1.3. Test procedure

1.3.1. Each leg assembly shall be maintained (stdke four hours prior to the test at
a temperature of 22 °€ 3 °C and a relative humidity of 4030 per cent. The
soak period shall not include the time requiredetich steady state conditions.

1.3.2. Clean the impact surface of the skin and #le impactor face with isopropyl
alcohol or equivalent prior to the test. Dust widkc.

1.3.3. Align the impactor accelerometer with itesve axis parallel to the direction
of impact at contact with the foot.

1.3.4. Mount the leg assembly to the fixture shaowfrigure 1. The test fixture shall
be rigidly secured to prevent movement during inbpdbe centre line of the
femur load cell simulator (78051-319) shall be wattwith a tolerance at 0.5°.
Adjust the mount such that the line joining the &rdevis joint and the ankle
attachment bolt is horizontal with a tolerance+o8°, with the heel resting on
two sheets of a flat low friction (PTFE sheet) agd. Ensure that the tibia flesh
is located fully towards the knee end of the tibkdjust the ankle such that the
plane of the underside of the foot is vertical gedoendicular to the direction of
impact with a tolerance af 3° and such that the mid sagittal plane of the f®o
aligned with the pendulum arm. Adjust the kneatjod 1.5+ 0.5 g range before
each test. Adjust the ankle joint so that it eefand then tighten just sufficiently
to keep the foot stable on the PTFE sheet.



E/ECE/324

E/ECE/TRANS/505

} Rev.1/Add.93/Rev.1

Regulation No. 94

page 76
Annex 10

1.3.5.

1.3.6.

1.3.7.

1.4

1.4.1.

2.1.

2.2.

2.3.

2.3.1.

The rigid impactor comprises a horizontdlncler diameter 5& 2 mm and a
pendulum support arm diameter £#94 mm (Figure 4). The cylinder has a mass
of 1.25+ 0.02 kg including instrumentation and any parttleé support arm
within the cylinder. The pendulum arm has a mds&36+ 5 g. The mass of
any rotating part of the axle to which the supgpon is attached should not be
greater than 100 g. The length between the cehivakzontal axis of the
impactor cylinder and the axis of rotation of théoke pendulum shall be
1,250+ 1 mm. The impact cylinder is mounted with its ddadinal axis
horizontal and perpendicular to the direction opaot. The pendulum shall
impact the underside of the foot, at a distanc&8%+ 2 mm from the base of
the heel resting on the rigid horizontal platforsn, that the longitudinal centre
line of the pendulum arm falls within 1° of a vedi line at impact. The
impactor shall be guided to exclude significanedal, vertical or rotational
movement.

Allow a period of at least 30 minutes betvseccessive tests on the same leg.

The data acquisition system, including taers, shall conform to the
specifications for CFC 600, as described in Annex 8

Performance specification

When each ball of the foot is impacted &t @& 0.1) m/s in accordance with
paragraph 1.3., the maximum lower tibia bending mottam about the y-axis
(My) shall be 12& 25 Nm.

LOWER FOOT IMPACT TEST WITHOUT SHOE

The objective of this test is to measure gsponse of the Hybrid Il foot skin
and insert to well-defined, hard faced pendulumaatg.

The complete Hybrid 1l lower leg assemblyft 1686-5001-001) and right
(86-5001-002), equipped with the foot and ankleassy, left (78051-614) and
right (78051-615), shall be used, including the&kaesembly.

The load cell simulator (78051-319 Rev A) shall used to secure the knee
assembly (78051-16 Rev B) to the test fixture.

Test procedure
Each leg assembly shall be maintained (sbdke four hours prior to the test at

a temperature of 22 3 °C and a relative humidity of 4030 per cent. The soak
period shall not include the time required to resigady state conditions.
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2.3.3.

2.3.4.

2.3.5.

2.3.6.

2.3.7.

2.4,

2.4.1.
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Clean the impact surface of the skin and #ie impactor face with isopropyl
alcohol or equivalent prior to the test. Dust wietic. Check that there is no
visible damage to the energy absorbing insertedtel.

Align the impactor accelerometer with gnstive axis parallel to the impactor
longitudinal centre line.

Mount the leg assembly to the fixture shawirigure 2. The test fixture shall
be rigidly secured to prevent movement during inhpathe centre line of the
femur load cell simulator (78051-319) shall be wattwith a tolerance af 0.5°.
Adjust the mount such that the line joining the &ridevis joint and the ankle
attachment bolt is horizontal with a tolerancet@&° with the heel resting on two
sheets of a flat low friction (PTFE sheet) surfadensure that the tibia flesh is
located fully towards the knee end of the tibiadjust the ankle such that the
plane of the underside of the foot is vertical aedoendicular to the direction of
the impact with a tolerance af 3° and such that the mid sagittal plane of the
foot is aligned with the pendulum arm. Adjust kmee joint to 1.5 0.5 g range
before each test. Adjust the ankle joint so thas ifree and then tighten just
sufficiently to keep the foot stable on the PTFEeth

The rigid impactor comprises a horizontdlnder diameter 5& 2 mm and a
pendulum support arm diameter #4 mm (Figure 4). The cylinder has a mass
of 1.25+ 0.02 kg including instrumentation and any parttieé support arm
within the cylinder. The pendulum arm has a mds285 + 5 g. The mass of
any rotating part of the axle to which the supgor is attached should not be
greater than 100 g. The length between the cehtwakzontal axis of the
impactor cylinder and the axis of rotation of théoke pendulum shall be
1.250+ 1 mm. The impact cylinder is mounted with its ddandinal axis
horizontal and perpendicular to the direction opaot. The pendulum shall
impact the underside of the foot, at a distancé2af 2 mm from the base of the
heel resting on the rigid horizontal platform, battthe longitudinal centre line
of the pendulum arm falls within 1° of a verticald at impact. The impactor
shall be guided to exclude significant lateral tieat or rotational movement.

Allow a period of at least 30 minutes betvseccessive tests on the same leg.

The data acquisition system, including taers, shall conform to the
specifications for CFC 600, as described in Annex 8

Performance specification

When each heel of the foot is impacted 4t+40.1 m/s in accordance with
paragraph 2.3., the maximum impactor acceleratiall be 295t 50 g.
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3.1.

3.2.

3.3.

3.3.1.

3.3.2.

3.3.3.

3.3.4.

LOWER FOOT IMPACT TEST (WITH SHOE)

The objective of this test is to control tesponse of the Shoe and Hybrid 1lI
heel flesh and ankle joint to well-defined harde@@endulum impacts.

The complete Hybrid 1l lower leg assemblegft |(86-5001-001) and right
(86-5001-002), equipped with the foot and ankleassdy, left (78051-614) and
right (78051-615), shall be used, including the kmssembly. The load cell
simulator (78051-319 Rev A) shall be used to sedime knee assembly
(78051-16 Rev B) to the test fixture. The foot Icle fitted with the shoe
specified in Annex 5, paragraph 2.9.2.

Test procedure

Each leg assembly shall be maintained (sbdke four hours prior to the test at a
temperature of 22 3 °C and a relative humidity of 4030 per cent. The soak
period shall not include the time required to resigady state conditions.

Clean the impact surface of the undersidin@fshoe with a clean cloth and the
impactor face with isopropyl alcohol or equivalgmior to the test. Check that
there is no visible damage to the energy absoilibsgyt to the heel.

Align the impactor accelerometer with itesgve axis parallel to the impactor
longitudinal centre line.

Mount the leg assembly to the fixture shanvkigure 3. The test fixture shall be
rigidly secured to prevent movement during impathe centre line of the femur
load cell simulator (78051-319) shall be verticathwa tolerance ot 0.5°.
Adjust the mount such that the line joining the &ratevis joint and the ankle
attachment bolt is horizontal with a tolerance+o8°, with the heel of the shoe
resting on two sheets of a flat low friction (PTBEeet) surface. Ensure that the
tibia flesh is located fully towards the knee efidhe tibia. Adjust the ankle such
that a plane in contact with the heel and solehef underside of the shoe is
vertical and perpendicular to the direction of iipaith a tolerance of 3° and
such that the mid sagittal plane of the foot, amokesis aligned with the pendulum
arm. Adjust the knee joint to 1450.5 g range before each test. Adjust the ankle
joint so that it is free and then tighten just miéntly to keep the foot stable on
the PTFE sheet.
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3.3.5. The rigid impactor comprises a horizontdincler diameter 56t 2 mm and a
pendulum support arm diameter 94 mm (Figure 4). The cylinder has a mass
of 1.25+ 0.02 kg including instrumentation and any parthef support arm within
the cylinder. The pendulum arm has a mass of 286g. The mass of any
rotating part of the axle to which the support amttached should not be greater
than 100 g. The length between the central hotatoaxis of the impactor
cylinder and the axis of rotation of the whole paénod shall be 1,25& 1 mm.
The impact cylinder is mounted with its longitudinaxis horizontal and
perpendicular to the direction of impact. The pdadh shall impact the heel of
the shoe in a horizontal plane which is a distasfo@2 + 2 mm above the base of
the dummy heel when the shoe is resting on thd hgrizontal platform, so that
the longitudinal centre line of the pendulum arrfisfavithin one degree of a
vertical line at impact. The impactor shall bedgd to exclude significant lateral,
vertical or rotational movement.

3.3.6. Allow a period of at least 30 minutes betwseccessive tests on the same leg.

3.3.7. The data acquisition system, including tdacsrs, shall conform to the
specifications for CFC 600, as described in Annex 8

3.4. Performance specification

3.4.1. When the heel of the shoe is impacted at+60.1 m/s in accordance with
paragraph 3.3., the maximum Tibia compressive fgeshall be 3.3 0.5 kN.
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Figure 1

Upper foot impact test

Test set-up specifications
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Figure 2

Lower foot impact test (without shoe)

Test set-up specifications
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Figure 3

Lower foot impact test (with shoe)

Test set-up specifications
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Figure 4
Pendulum impactor
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Annex 11
Protection of the occupants of vehicles operating o n electric power
igh voltage and electrolyte spill age

The electric powertrain operating on high voltage as well as the high voltage
components and systems which are galvanically connected to the high voltage
bus of the electric power train shall meet the requirements of this Annex.

1. Requirements

1.1 Protection against electrical shock

After the impact at least one of the following criteria specified in 1.1.1 thorough 1.1.4 shall be
met. If the vehicle has an automatic disconnect function, the criteria shall apply to each divided
portion individually after the disconnect function is activated.

1.1.1 Absence of high voltage

The voltage of the high voltage buses shall be equal or less than 30 VAC or 60
VDC.

1.1.2 Low electrical Energy

Energy on the high voltage buses shall be less than 0.2 Joules.

1.1.3 Physical Protection
For protection of live parts, the protection degree IPXXB shall be provided.

In addition the resistance between all exposed conductive parts and the
electrical chassis shall be lower than 0.1 ohm when there is current flow of at
least 0.2 amperes.

This requirement is satisfied if the galvanic connection has been established

by welding.
1.14 Isolation resistance
1141 Electric power train consisting of separat e DC- or AC-buses

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

1.1.4.2 Electric power train consisting of combined DC- and AC-
buses

If AC high voltage buses and DC high voltage buses are galvanically

connected isolation resistance between the high voltage bus and the electrical

chassis shall have a minimum value of 500 Q/volt of the working voltage.

BMW Group, Thomas Slaba, ES-512, Tel. 32536 85



E/ECE/324
E/ECE/TRANS/505
Regulation No. 94
page 86

Annex 11

} Rev.1/Add.93/Rev.1

However, if the protection degree IPXXB is satisfied for all AC high voltage
buses or the AC voltage is equal or less than 30 V after crash, isolation
resistance between the high voltage bus and the electrical chassis shall have
a minimum value of 100 Q/volt of the working voltage.

1.2  Electrolyte spillage

In the period from the impact until 30 Minutes after no electrolyte from the
[RESS] shall spill into the passenger compartment, and no more than -
liEf€S] of electrolyte shall spill from the [RESS] outside the passenger
compartment. If the electrolyte spillage mixes with other fluids leaking from the
vehicle and the liquids cannot be clearly distinguished the total leakage shall
be considered electrolyte spillage.

1.3 [RESS] retention

[RESS] located inside the passenger compartment shall remain in the location
in which they are installed and [RESS] components shall remain inside [RESS]
boundaries.

No part of any [RESS] that is located outside the passenger compartment
shall enter the passenger compartment during the test procedures.

2. Test Methods
2.1 The collision Test Method shall be the one described in Annex 3 of this
regulation.

2.2 The requirements of 1.4.2.2. of Annex 3 however only apply to vehicles
that are fitted with a fuel tank. At the request of the manufacturer it shall be
permissible to fill the fuel tank with fuel instead of water.

[2.3 Energy Conversion System (e.g. fuel cells) that uses hydrogen gas as
energy source

Hydrogen gas or liquid hydrogen shall be stored in the hydrogen storage
system so that the energy conversion system can be energized.

Alternative gas (i.e. helium gas) or alternative liquid (i.e. liquid nitrogen (LN2))
can be used instead of hydrogen gas or liquid hydrogen.

However the requirement of 1.1.3 shall be satisfied for the hydrogen
conversion system disconnected by its automatic disconnect when this
alternative is used.]

[2.4 At the request of the Manufacturer the requirements of Annex 11 may be
demonstrated in a separate offset collision test, given that the electric
components do not directly influence the occupant protection performance of
the vehicle type as defined under 5.2.1 to 5.2.5 of this regulation.]
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2.5 The RESS shall be at any state of charge which allows the normal operation
of the power train recommended by the manufacturer.
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1.1. The electric power train shall be in the energized state, the transmission
(if fitted) in the neutral position.

4-2Electric power train adjustments

4-2-1 The vehicle shall be in active driving possible mode, the high voltage
system shall be energized.

Comment: Itis unsafe in some cases.

Note:  Added the exception for some HEVs and HFCVs.
Annex XX to be discussed.

1.2. At the request of the manufacturer it shall be permissible to perform the
impact test with the combustion engine running if the vehicle is fitted with
such an engine.

Note: To be discussed.

1 Test Procedures

This section describes test procedures demonstrate compliance to the electrical
safety requirements of paragraph 3-3. *
AISGIBENISEEN For example, megohmmeter measurements are an appropriate
alternative to the procedure described below for measuring isolation resistance.
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The following procedures should be performed after each of the specified crash tests.

Electrolyte spillage

Battery retention
Compliance shall be determined by visual inspection.
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Attachment 1
5-1 Test setup and equipment

If a high voltage disconnect function is used, measurements 0f 5-3, 5-4 and 5-4 are
taken from both sides of the device performing the disconnect function.

However, if the high voltage disconnect is integral to the RESS or the energy
conversion system and the high-voltage bus of the RESS or the energy conversion
system is fully enclosed within a physical barrier or enclosure that maintains
protection class IPXXB after crash test, measurements of 5-3, 5-4 and 5-4 may be
taken only downstream of the device performing the disconnect function.

The voltmeter used in this test shall measure DC values and have an internal
resistance of at least 10 mega Q.

1. Measurement procedure to assess electric safety using a DC voltmeter with
an internal resistance of at least 10 MQ. At the request of the Manufacturer an
oscilloscope may be used.

2. If the vehicle is fitted with an automatic disconnect device the voltage is
measured on both sides of the device.
However if the automatic disconnect device is physically contained within the
Traction Battery shell [Electric Power source shell] all measurements shall be
taken from the traction side of the automatic disconnect device only.

2.1. Prior to the test measure the Voltage Vb (see Figure 1) and confirm that it is
within the operating voltage of the vehicle as defined by the manufacturer.
2.2. Perform the offset collision test according to Annex 3 of this regulation.

3. Assessment procedure for isolation resistance
3.1. After the crash test determine the voltages Vb, V1 and V2 (see Figure 1).
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Electrical Chassis

Energy Conversion I
System Assembly V2

High Voltage Bus l

Electric Power source

Electric
Power
Source

i Traction System

Electrical Chassis
Figure 1: Measurement of Vb, V1, V2

If [ V1| = | V2| the resistor Ro with approximately 500 Q/V Rated Voltage shall be
connected between the negative terminal of the Traction Battery System [Electric
Power Source] and the electrical chassis, as show in Fig. 2. And V1’ shall be
measured.

Electrical Chassis

Energy Conversion Electric Power
System Assembly source Assembly

High Voltage Bus

Electric
Power
source

i Traction System

Electrical LhNassIs

Figure 2: Measurement of V1’
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The isolation resistance (R)) is then calculated according to the following formula:
Ri=Ro * (Vb/V1 - Vb/V1) or R;j=R¢*Vp*(1/V1 - 1/V1)

If |[ V2| > | V1| the resistor R, with approximately 500 Q/V Rated Voltage shall be
connected between the positive terminal of the Traction Battery System [Electric
Power Source] and the electrical chassis, as show in Fig. 3. Then the voltage V2’
shall be measured between the positive terminal of the Traction Battery System
[Electric Power source] and the electrical chassis. In this case the isolation resistance
Rishall be calculated using the following formula:

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

Electrical Chassis

Energy Conversion I Electric Power
System Assembly V2" RO Source Assembly

High Voltage Bus l

Electric
Power
Source

i Traction System

Electrical Chassis

Figure 3: Measurement of V2’

Not earlier than 5 s after the impact the voltages V1, V2, V1', and V2 are measured according to
Attachment 1 and the isolation resistance for the part of the electric power train under high voltage is
calculated. If the isolation is above 500 Q/V Rated Voltage for AC or 100 Q/V Rated Voltage for DC
buses this is accepted as protection from high voltage and electric shock given that

- no ruptures of the passenger compartment or the battery shell occurred that could allow for direct or
indirect contact with live parts. This requirement is met if the vehicle meets the Protection class IPXXB
after the crash test described in Attachment 2 of this Annex.

5-4 Electrical Resistance

The following instructions may be used if isolation resistance is measured.
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Measure and record the voltage (Vb) between the negative and the positive side of
the high voltage bus (see Figure 1):

Measure and record the voltage (V1) between the negative side of the high voltage
bus and the electrical chassis (see Figure 1):

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

If V1 is greater than or equal to V2, insert a standard known resistance (Ro) between
the negative side of the high voltage bus and the electrical chassis. With Ro installed,
measure the voltage (V1’) between the negative side of the high voltage bus and the
vehicle electrical chassis (see Figure 2). Calculate the isolation resistance (Ri)
according to the formula shown. Divide this electrical isolation resistance value (in Q)
by the working voltage of the high voltage bus (in volts).

Ri = Ro*(Vb/V1' — Vb/V1) or Ri=Ro*Vb*(1/V1' - 1/V1)

Electrical Chassis

Energy Conversion

System Assembly RESS Assembly
i 1 High Voltage Bus | !
: i ! I
I I :
i | I + I
: | . : i
! Traction System | RESS

“Electicar cnassls

Fiaure 23: Measurement of V1’
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If V2 is greater than V1, insert a standard known resistance (Ro) between the
positive side of the high voltage bus and the electrical chassis. With Ro installed,
measure the voltage (V2’) between the positive side of the high voltage bus and the
electrical chassis (See Figure 3).

Calculate the isolation resistance (Ri) according to the formula shown. Divide this
electrical isolation value (in Q) by the working voltage of the high voltage bus (in
volts).

Ri = Ro*(Vb/V2' — Vb/V2) or Ri=R0*Vb*(1/V2' - 1/V2)

Electrical Chassis

Energy Conversion I
V2 RO RESS Assembly

High Voltage Bus l

Traction System - |

Electrical ChasSsIs

Figure 3: Measurement of V2’

NOTE 1: The standard known resistance Ro (in Q) should be approximately 500
times the working voltage of the vehicle (in volts). Ro is not required to be precisely
this value since the equations are valid for any Ro; however, an Ro value in this

range should provide good resolution for the voltage measurements.
Comment: “Note” is not appropriate for regulations. Move to footnote?

The isolation resistance between the high voltage bus and the electrical chassis
may be demonstrated by calculation, measurement or a combination of both.

Note: Transposed from ECE R100 final draft

4, Assessement procedure for low electrical Energy
If the electric energy stored in the high voltage bus is determined according to
the following procedure.
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Prior to the crash test a switch S1 and a known discharge Resistor Re is
installed according to Figure 4. Not earlier than 5 seconds after the vehicle
comes to a standstill the Switch S1 is closed while the voltage Vb and the
current le is measured and recorded. The product of the voltage Vb and the
current le is integrated over the period of time starting from the moment when
the Switch S1 is closed (tc) until the voltage Vb falls below the high voltage
threshold of 30 V AC or 60 V DC (t,), resulting in the total energy.

Not earlier than 5 s after the impact the electric energy stored in the electric
power train is determined by discharging the power train over a known resistor
Re. If the electric energy stored in the electric power train is less than 0,2
Joule this is accepted as protection from high voltage and electric shock.

For this a Switch S1 is installed together with the Resistor Re in such a way
that it connects the electric power train with the electrical chassis when
oerated (see figure..). Not earlier than 5 s after the impact close the switch S1,
measure and record the Voltage V and current | in the discharge circuit.
Integrate the product of these two measurements over time until the Voltage
falls below the high voltage threshold and calculate the energy stored in the
power train.

th
[V, X1t
tc
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Electrical Chassis

Energy Conversion

System Assembly RESS Assembly

High Voltage Bus

- [Traction System . :
! YSEM | v Jj | !
i Rell | i

Electrical Chassis

Figure 4: Measurement of high voltage bus energy

5-5 Electrical Energy

The following procedure may be used if energy is measured.

After the vehicle crash determine the high voltage bus energy (see Figure 4). Install
switch S1 and known resistance Re. Close switch S1 and measure and record

voltage Vb and current le.
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Energy Conversion
System Assembly RESS Assembly

I | High Voltage Bus | I

Traction System Vb R

EleCliCal LTassls

Figure 4: Measurement of high voltage bus energy

5-6 Physical Barrier
5-6-1 Test conditions

The manufacturer shall define the barrier, enclosure and solid insulator that protect
the human from the direct contact to the high voltage bus in use (hereinafter referred
to as the ‘original physical protection’).

Any surrounding parts of the high voltage components that can be opened,
disassembled or removed without the use of tools after crash test shall be opened,
disassembled or removed.

Surrounding parts that cannot be opened, disassembled or removed without the use
of tools are considered as a part of the physical barrier.

The access probe is pushed against any openings of the physical barrier with the test
force speeifieddn of 10N £ 10 % - If it partly or fully penetrates into the original
physical protection, it is placed in every possible position.

Starting from the straight position, both joints of the test finger shall be successively
bent through an angle of up to 90 degree with respect to the axis of the adjoining
section of the finger and shall be placed in every possible position.

5-6-2  Acceptance conditions
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A mirror or a fiberscope may be used in order to inspect whether the access probe
touches the high voltage buses, if necessary.
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Attachment 2 — Isolation Protection class IPXXB

This Attachment describes the procedure to assess if the occupants can easily
contact any live parts after the crash.

1. Live parts
1.1. Live parts are any parts that are protected only by varnish or paint
1.2. Live parts are parts that are protected only through oxidation treatment
or similar procedures

2. Test conditions
The test vehicle shall be in a state immediately after the crash test and the
necessary voltage measurements to determine the isolation resistance.

3. Test equipment and procedure

3.1. Test Tools to assess IPXXB
As a test tool the proximity probe shown in this Annex shall be used for
the confirmation of Protection class IPXXB.

3.2. When testing the vehicle for presence/absence of contact between the
proximity probe and live parts inside any barrier, enclosure, Battery
shell or similar using the signal display circuit method, the lamp which
suits to a low voltage power supply (voltage above 40V, but not
exceeding 50V) is connected in series between the proximity probe and
live parts.

3.3. When using the signal display circuit method, prior to the collision test
all Live parts as defined in paragraph 1 shall be covered with
electroconductive metal foil, and the metal foil shall be connected
electrically to regular live parts.

4. Test Method

4.1. Using a test force of 10 N £ 10% the proximity probe is pressed against
any opening of the barrier, enclosure, Traction Battery Shell etc. that
already existed after the crash test or was created when the proximity
probe was pressed against any part.

4.2. If there are any movable parts in the passenger compartment, Traction
Battery shell etc. and these can be operated they shall be operated
slowly.

4.3. When the Proximity probe is inserted partly or completely in any
opening or cavity it shall be pressed to all sections where there is a
possibility of contacting any parts and it shall be checked if contact
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5.

occurs or not. (In case of the signal display circuit method, the
illumination of the lamp can be considered a confirmation of contact
with live parts).

4.4. The proximity probe is in straight line in the beginning of the test, then
both joints must be bent sequentially until they reach up to 90°against
the axis of the relevant joint and the test is performed to check if any
contact occurs.

Assessment criteria

5.1. To confirm that Protection class IPXXB is met the proximity probe must
not contact any live parts.

5.2.  The end of the proximity probe must not fully invade through a opening
of the Barrier, enclosure, Traction Batter Shell etc.

5.3. When using the signal display circuit Method the lamp may not
illuminate.

5.4. If these requirements are met the vehicle meets Protection class
IPXXB.

Proximity Probe

6.1. Specification of the proximity probe
The proximity probe is made of metal, unless specified otherwise.
The linear dimensions in Figure 1 of this Annex are in millimeters.
if no specific tolerances are mentioned the following ones shall apply:
tolerance on angles: 0 up to 10°
tolerance on linear dimensions up to
25 mm: 0 - -0,005 mm
over 25 mm: £ 0,2 mm
Both joints shall permit movement in the same plane and the same
direction through an angle of 90°with a tolerance of 0 — 10°
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Figure 1: Drawing of the proximity probe

ANNEX XX

ALTERNATIVE TEST METHOD WHEN VEHICLE DOES NOT BECOM E
ENERGIZED
- Without operating internal combustion engine with flammable fuel
- When alternative gas or liquid is stored instead of hydrogen gas or liquid
hydrogen for energy conversion system

1 Test Conditionsfor Collision Test
1-1 Test vehicle

If the vehicle does not become in active driving possible mode without operating an
internal combustion engine with flammable fuel or without supplying hydrogen gas or
liquid hydrogen to energy conversion system, the test shall be conducted according
to the alternative test method.

1-1-1 Automatic disconnect

In cases where the automatic disconnect is provided, the collision test shall be
conducted with the automatic disconnect shuts off the traction battery. In this case,
the alternative characteristic (such as airbag deployment signals) shall be confirmed
to certify the automatic disconnect supposed to operate properly.

If the alternative characteristic is not confirmed, the measurement shall be conducted
by assuming that the automatic disconnect doesn’t operate.

1-1-2 .



