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National Foreword

The Ghana Standards Authority is the National Statutory Body responsible for the development
and promulgation of Ghana Standards.

The Ghana Standards Authority is a member of the African Organization for Standardization
(ARSO), the International Organization for Standardization (ISO) and an affiliate member of the
International Electrotechnical Commission (IEC).

This Ghana Standard is an identical adoption of the UNECE Regulation 13H Rev. 2 — 04 October
2011 - Uniform provisions concerning the approval of passenger cars with regard to braking and
lays down the essential requirements to which such passenger cars with regard to braking must
conform.

Throughout the text of this standard, read “...this UNECE Regulation...” to mean “...this Ghana
Standard...”

The National Committee responsible for this standard (DGS 4013H:2019) is the
Technical Committee on Automobile Standards (GSA/TC 05).

This is the 1%t edition.

Users of this standard should note that the standard undergoes revision from time to time and
any references to it statutorily imply its latest edition.
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CONCERNING THE ADOPTION OF UNIFORM TECHNICAL PRESCRIPTIONS
FOR WHEELED VEHICLES, EQUIPMENT AND PARTSWHICH CAN BE FITTED
AND/OR BE USED ON WHEELED VEHICLES AND THE CONDITIONS FOR RECIPROCAL
RECOGNITION OF APPROVALS GRANTED ON THE BASISOF THESE PRESCRIPTIONS O

(Revision 2, including the amendments which entanémiforce on 16 October 1995)

Addendum 12H: Regulation No. 13-H

Revision 1
Incorporating all valid text up to:
Corrigendum 1 to the original version of the Regalg subject of Depositary Notification
C.N.708.1999.TREATIES-1 dated 6 August 1999
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C.N.897.2000.TREATIES-1 dated 27 September 2000
Corrigendum 3 to the original version of the Refalg subject of Depositary Notification
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C.N.440.2004.TREATIES-1 dated 13 May 2004
Supplement 3 to the original version of the Regaoitet Date of entry into force: 4 April 2005
Supplement 4 to the original version of the Regattat Date of entry into force: 11 June 2007
Supplement 5 to the original version of the Regoiat Date of entry into force: 10 November 2007

UNIFORM PROVISIONS CONCERNING THE APPROVAL OF PASSENGER CARS
WITH REGARD TO BRAKING

UNITED NATIONS

o Former title of the Agreement:

Agreement Concerning the Adoption of Uniform Coratis of Approval and Reciprocal Recognition of Apyal for Motor
Vehicle Equipment and Parts, done at Geneva on 2@1958.
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SCOPE

This Regulation applies to the braking of ekds of categories Mand N 1/.
This Regulation does not cover:

vehicles with a design speed not exceedingn®h;

vehicles fitted for invalid drivers.

DEFINITIONS

For the purposes of this Regulation,

"Approval of a vehiclemeans the approval of a vehicle type with regeard
braking.

"Vehicle type means a category of vehicles which do not dififlesuch essential
respects as:

the maximum mass, as defined in paragrdidh Below;

the distribution of mass among the axles;

the maximum design speed,;

a different type of braking equipment, witiore particular reference to the
presence or otherwise of equipment for brakingaletr or any presence of
electric braking system;

the engine type;

the number and ratios of gears;

the final drive ratios;

the tyre dimensions.

y

This Regulation offers an alternative set of rezgaents for category Nvehicles to those

contained in Regulation No. 13. Contracting Partleat apply both Regulation No. 13 and this
Regulation recognize approvals to either Regulasisrequally valid. Mand N categories of
vehicles are defined in Annex 7 to the Consolid&edolution on the Construction of Vehicles
(R.E.3) (TRANS/WP.29/78/Rev.1/Amend.2, as last aaeeinby Amend.4).
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2.3.

2.4,

2.5.

2.5.1.

2.5.2.

2.6.

2.7.

2.7.1.

"Braking equipmeht means the combination of parts whose function is
progressively to reduce the speed of a moving Velac bring it to a halt, or to
keep it stationary if it is already halted; thesendtions are specified in
paragraph 5.1.2. below. The equipment consisteetontrol, the transmission,
and the brake proper.

"Control means the part actuated directly by the driverfumish to the
transmission the energy required for braking ottiading it. This energy may be
the muscular energy of the driver, or energy frarather source controlled by the
driver, or a combination of these various kindgiérgy.

"Transmissichmeans the combination of components comprised/det the
control and the brake and linking them functionallyhe transmission may be
mechanical, hydraulic, pneumatic, electric or mix&uhere the braking power is
derived from or assisted by a source of energypeddent of the driver, the
reserve of energy in the system is likewise patheftransmission.

The transmission is divided into two independennctions: the control
transmission and the energy transmission. Wheneeterm "transmission” is
used alone in this Regulation, it means both tfentiol transmission” and the
"energy transmission™:

"Control transmissidbnmeans the combination of the components of the
transmission which control the operation of thekbs including the control
function and the necessary reserve(s) of energy;

"Energy transmissibmeans the combination of the components whiclplyup
the brakes the necessary energy for their funciimciuding the reserve(s) of
energy necessary for the operation of the brakes.

"Braké means the part in which the forces opposing tbgament of the vehicle

develop. It may be a friction brake (when the é&sr@re generated by friction
between two parts of the vehicle moving relativielyone another); an electrical
brake (when the forces are generated by electraretmgaction between two
parts of the vehicle moving relatively to but notdontact with one another); a
fluid brake (when the forces are generated by tttora of a fluid situated

between two parts of the vehicle moving relativielyone another); or an engine
brake (when the forces are derived from an aréifieghcrease in the braking
action, transmitted to the wheels, of the engine).

"Different types of braking equipmé&nneans equipment which differ in such
essential respects as:

components having different characteristics;
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a component made of materials having diffieoharacteristics, or a component
differing in shape or size;

a different assembly of the components.

"Component of the braking equipniemteans one of the individual parts which,
when assembled, constitutes the braking equipment.

"Progressive _and graduated brakimgeans braking during which, within the
normal operating range of the device, and duringeaon of the brakes (see
paragraph 2.16. below):

the driver can at any moment increase oredse the braking force by acting on
the control,

the braking force varies proportionally e fiction on the control (monotonic
function);

the braking force can be easily regulatetl aufficient precision.

"Laden vehiclemeans, except where otherwise stated, a vehicladen as to
attain its "maximum mass".

"Maximum massmeans the maximum mass stated by the vehicle faetuwer
to be technically permissible (this mass may behdrigthan the "permissible
maximum mass" laid down by the national adminigirgt

"The distribution of mass among the aklagans the distribution of the effect of
the gravity on the mass of the vehicle and/oratstents among the axles.

"Wheel/axle loddmeans the vertical static reaction (force) of thad surface in
the contact area on the wheel/wheels of the axle.

"Maximum_stationary wheel/axle |dadheans the stationary wheel/axle load
achieved under the condition of the laden vehicle.

"Hydraulic braking equipment with stored @yrmeans a braking equipment
where energy is supplied by a hydraulic fluid ungdezssure, stored in one or
more accumulator(s) fed from one or more pressurapgs), each fitted with a
means of limiting the pressure to a maximum vallikis value shall be specified
by the manufacturer.

"Actuatiofi means both application and release of the cantrol
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2.17.

2.17.1.

2.17.2.

2.17.3.

2.17.4.

2.17.5.

2.18.

2.19.

2.19.1.

2.20.

2.21.

2.22.

"Electric _regenerative brakingmeans a braking system which, during
deceleration, provides for the conversion of vehiihetic energy into electrical
energy.

"Electric_regenerative braking controheans a device which modulates the
action of the electric regenerative braking system;

"Electric_regenerative braking system oftegary A' means an electric
regenerative braking system which is not part efdérvice braking system;

"Electric_regenerative braking system oftegary B' means an electric
regenerative braking system which is part of theise braking system;

"Electric state of chargeneans the instantaneous ratio of electric quarmdit
energy stored in the traction battery relativehie maximum quantity of electric
energy which could be stored in this battery;

"Traction battetymeans an assembly of accumulators constitutingstbrage of
energy used for powering the traction motor(shefehicle.

"Phased brakifigs a means which may be used where two or mouecss of
braking are operated from a common control, wheaig source may be given
priority by phasing back the other source(s) sotcasnake increased control
movement necessary before they begin to be brantghoperation.

"Nominal valuédefinitions for braking reference performance @guired to put
a value on the transfer function of the brakingesys relating output to input for
vehicles individually.

"Nominal valueis defined as the characteristic which can be atestrated at
type approval and which relates the braking ratéhefvehicle on its own to the
level of the braking input variable.

"Automatically commanded brakingneans a function within a complex
electronic control system where actuation of thekiorg system(s) or brakes of
certain axles is made for the purpose of generatetgcle retardation with or
without a direct action of the driver, resultingrn the automatic evaluation of
on-board initiated information.

"Selective brakirigmeans a function within a complex electronic cohsystem
where actuation of individual brakes is made byomstic means in which
vehicle retardation is secondary to vehicle behavwmodification.

"Braking signdl logic signal indicating brake activation as dfied in
paragraph 5.2.22.
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"Emergency braking sighallogic signal indicating emergency braking as
specified in paragraph 5.2.23.

APPLICATION FOR APPROVAL

The application for approval of a vehicle typith regard to braking shall be
submitted by the vehicle manufacturer or by hiy ddcredited representative.

It shall be accompanied by the under-menticth@climents in triplicate and by
the following particulars:

a description of the vehicle type with rebaio the items specified in
paragraph 2.2. above. The numbers and/or symbeitifying the vehicle type
and the engine type shall be specified;

a list of the components, duly identifiednstituting the braking equipment;

a diagram of assembled braking equipmentanddication of the position of its
components on the vehicle;

detailed drawings of each component to endblto be easily located and
identified.

A vehicle, representative of the vehicle typée approved, shall be submitted to
the Technical Service conducting the approval tests

APPROVAL

If the vehicle type submitted for approval suant to this Regulation meets the
requirements of paragraphs 5. and 6. below, appadtaat vehicle type shall be
granted.

An approval number shall be assigned to egoh approved, its first two digits
shall indicate the series of amendments incorpmgathe most recent major
technical amendments made to the Regulation dtrtteeof issue of the approval.
The same Contracting Party shall not assign theesaumber to the same vehicle
type equipped with another type of braking equipthento another vehicle type.

Notice of approval or of refusal of approvélaovehicle type pursuant to this
Regulation shall be communicated to the PartiethéoAgreement which apply
this Regulation by means of a form conforming te thodel in Annex 1 to this
Regulation and of a summary of the information aored in the documents
referred to in paragraphs 3.2.1. to 3.2.4. above, drawings supplied by the
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applicant for approval being in a format not exeegdA4 (210 x 297 mm), or
folded to that format, and on an appropriate scale.

4.4. 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 approvalkncansisting of:

4.4.1. a circle surrounding the letter "E" followby the distinguishing number of the
country which has granted approval &nd of

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 ingoumaph 4.4.1. above.

4.5. If the vehicle conforms to a vehicle type awed under one or more other
Regulations, annexed to the Agreement, in the ecgumtich has granted
approval under this Regulation, the symbol presctim paragraph 4.4.1. above,
need not be repeated; in such a case, the Reguéattbapproval numbers and the
additional symbols of all the regulations under eihapproval has been granted
in the country which has granted approval undes ffegulation shall be placed in
vertical columns to the right of the symbol prelsed in paragraph 4.4.1. above.

4.6. The approval mark shall be clearly legible badndelible.
4.7. The approval mark shall be placed close wnahe vehicle data plate.
4.8. Annex 2 to this Regulation gives examplesrairagements of approval marks.

2/ 1 for Germany, 2 for France, 3 for Italy, 4 fdret Netherlands, 5 for Sweden, 6 for
Belgium, 7 for Hungary, 8 for the Czech Republidp®Spain, 10 for Serbia, 11 for the United
Kingdom, 12 for Austria, 13 for Luxembourg, 14 Bwitzerland, 15 (vacant), 16 for Norway,
17 for Finland, 18 for Denmark, 19 for Romania, f@0 Poland, 21 for Portugal, 22 for the
Russian Federation, 23 for Greece, 24 for Irela2iifor Croatia, 26 for Slovenia, 27 for
Slovakia, 28 for Belarus, 29 for Estonia, 30 (vdjaBl1 for Bosnia and Herzegovina, 32 for
Latvia, 33 (vacant), 34 for Bulgaria, 35 (vaca, for Lithuania, 37 for Turkey, 38 (vacant),
39 for Azerbaijan, 40 for The former Yugoslav Relmbf 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 Austradi6 for Ukraine, 47 for South Africa, 48 for
New Zealand, 49 for Cyprus, 50 for Malta, 51 fog 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 whitiey ratify or accede to the Agreement
Concerning the Adoption of Uniform Technical Prgstions 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 bgeheetary-General of the United Nations to
the Contracting Parties to the Agreement.
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SPECIFICATIONS
General
Braking equipment

The braking equipment shall be so desigoedstructed and fitted as to enable
the vehicle in normal use, despite the vibratiomvtoch it may be subjected, to
comply with the provisions of this Regulation.

In particular, the braking equipment shellso designed, constructed and fitted as
to be able to resist the corroding and ageing pmena to which it is exposed.

Brake linings shall not contain asbestos.

The effectiveness of the braking equipns#all not be adversely affected by
magnetic or electrical fields. (This shall be desteated by compliance with
Regulation No. 10, 02 series of amendments.)

A failure detection signal may interrupinrentarily (< 10 ms) the demand signal
in the control transmission, provided that the brgkperformance is thereby not
reduced.

Functions of the braking equipment

The braking equipment defined in paragraph 2.3stnfulfil the following
functions:

Service braking system

The service braking system must make it possibltdrol the movement of the
vehicle and to halt it safely, speedily and effeslly, whatever its speed and load,
on any up or down gradient. It must be possiblgremuate this braking action.
The driver must be able to achieve this brakingoacfrom his driving seat
without removing his hands from the steering cdntro

Secondary braking system

The secondary braking system must make it posbibkgpplication of the service
brake control to halt the vehicle within a reasdeattistance in the event of
failure of the service braking system. It mustossible to graduate this braking
action. The driver must be able to obtain thikimg action from his driving seat
without removing his hands from the steering cdntiéor the purposes of these
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provisions it is assumed that not more than onkiraiof the service braking
system can occur at one time.

Parking braking system

The parking braking system must make it possibladid the vehicle stationary
on an up or down gradient even in the absenceeofltlver, the working parts
being then held in the locked position by a purachanical device. The driver
must be able to achieve this braking action fromdniving seat.

The requirements of Annex 8 shall be applethe safety aspects of all complex
electronic vehicle control systems which provideform part of the control
transmission of the braking function included thagleich utilize the braking
system(s) for automatically commanded braking tecdve braking.

However, systems or functions, which use the Ingldgystem as the means of
achieving a higher level objective, are subjecAtmex 8 only insofar as they
have a direct effect on the braking system. Ifthsegstems are provided, they
must not be deactivated during type approval tgsiirthe braking system.

Provisions for the periodic technical ingmetof braking systems

It shall be possible to assess the weaditon of the components of the service
brake that are subject to wear e.g. friction lisirrgnd drums/discs (in the case of
drums or discs, wear assessment may not necedsardgrried out at the time of
periodic technical inspection). The method by whtbis may be realized is
defined in paragraphs 5.2.11.2. of this Regulation.

It shall be possible to verify, in a simpVay, the correct operational status of
those complex electronic systems which have comver braking. If special
information is needed, this shall be made freebilable.

At the time of type approval, the meanglemented to protect against simple
unauthorized modification of the operation to thexification means chosen by
the manufacturer (e.g. warning signal) shall be fidentially outlined.
Alternatively, this protection requirement is fllfid when a secondary means of
checking the correct operational status is avaalabl

It shall be possible to generate maximuekibg forces under static conditions on
a rolling road or roller brake tester.

Characteristics of braking systems

The set of braking systems with which a ekehis equipped must satisfy the
requirements laid down for service, secondary a#lipg braking systems.
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The systems providing service, secondarypanking braking may have common
components so long as they fulfil the following ddions:

there must be at least two controls, irddpnt of each other and readily
accessible to the driver from his normal drivingsiion. Every brake control
shall be designed such that it returns to the folfyposition when released. This
requirement shall not apply to a parking brake mnwhen it is mechanically
locked in an applied position;

the control of the service braking systeust be independent of the control of the
parking braking system;

the effectiveness of the linkage betwéencontrol of the service braking system
and the different components of the transmissi@tesys must not be liable to
diminish after a certain period of use;

the parking braking system must be sogdesli that it can be actuated when the
vehicle is in motion. This requirement may be rbgtthe actuation of the
vehicle's service braking system, even partiafymeans of an auxiliary control,

without prejudice to the requirements arfagraph 5.1.2.3. of this Regulation, the
service braking system and the parking braking esgsimay use common
components in their transmission(s), provided thahe event of a failure in any
part of the transmission(s) the requirements fatosdary braking are still
ensured;

in the event of breakage of any compooémdr than the brakes (as defined in
paragraph 2.6. above) and the components refeoeih fparagraph 5.2.2.10.

below, or of any other failure of the service braksystem (malfunction, partial

or total exhaustion of an energy reserve), that @athe service braking system
which is not affected by the failure, must be abléring the vehicle to a halt in

the conditions prescribed for secondary braking;

if service braking is ensured by the actibthe driver's muscular energy assisted
by one or more energy reserves, secondary brakusg, im the event of failure of
that assistance, be capable of being ensured bydrikier's muscular energy
assisted by the energy reserves, if any, whichuaedfected by the failure, the
force applied to the service brake control not exosy the prescribed maximum;

if the service braking force and transmissdepend exclusively on the use,
controlled by the driver, of an energy reserve,reahenust be at least two
completely independent energy reserves, each madvidth its own transmission,
likewise independent; each of them may act on tia&ds of only two or more
wheels so selected as to be capable of ensurinthdmyselves the prescribed
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5.2.2.9.

5.2.2.10.

5.2.3.

5.2.4.

5.2.4.1.

degree of secondary braking without endangering stiaility of the vehicle
during braking; in addition, each of the aforesaidergy reserves must be
equipped with a warning device as defined in paxalgi5.2.14. below;

if the service braking force and transmisslepend exclusively on the use of an
energy reserve, one energy reserve for the trassmiss deemed to be sufficient,

provided that the prescribed secondary brakingnsueed by the action of the

driver's muscular energy acting on the service d@ntrol and the requirements
of paragraph 5.2.5. are met;

certain parts, such as the pedal arfeeasing, the master cylinder and its piston
or pistons, the control valve, the linkage betweka pedal and the master
cylinder or the control valve, the brake cylindarsl their pistons, and the lever-
and-cam assemblies of brakes, shall not be regasididble to breakage if they
are amply dimensioned, are readily accessible fintanance, and exhibit safety
features at least equal to those prescribed fara@bsential components (such as
the steering linkage) of the vehicle. Any sucht @ aforesaid whose failure
would make it impossible to brake the vehicle vatlilegree of effectiveness at
least equal to that prescribed for secondary begakinst be made of metal or of a
material with equivalent characteristics and mugtundergo notable distortion in
normal operation of the braking systems.

The failure of a part of a hydraulic transsion system shall be signalled to the
driver by a device comprising a red tell-tale siglighting up before or upon
application of a differential pressure of not mtran 15.5 bar between the active
and failed brake equipment, measured at the meglieder outlet and remaining
lit as long as the failure persists and the igniffstart) switch is in the "on" (run)
position. However, a device comprising a red tak- signal lighting up when the
fluid in the reservoir is below a certain level sified by the manufacturer is
permitted. The tell-tale signal must be visibler\by daylight; the satisfactory
condition of the signal must be easily verifiable the driver from the driver's
seat. The failure of a component of the devicetmos entail total loss of the
braking equipment's effectiveness. Applicatiorihef parking brake must also be
indicated to the driver. The same tell-tale signaly be used.

Where use is made of energy other than tiecuatar energy of the driver, there
need not be more than one source of such energgrailjc pump, air
compressor, etc.), but the means by which the desmstituting that source is
driven must be as safe as practicable.

In the event of failure in any part of thensmission of a braking system, the feed
to the part not affected by the failure must camino be ensured if required for
the purpose of halting the vehicle with the degrkeffectiveness prescribed for
secondary braking. This condition must be met ®ans of devices which can
easily be actuated when the vehicle is statioraripy automatic means.
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Furthermore, storage devices located dovewit of this device must be such that
in the case of a failure in the energy supply dfter full-stroke actuations of the
service brake control, under the conditions présdiin paragraph 1.2. of
Annex 4 to this Regulation, it is still possible balt the vehicle at the fifth
application, with the degree of effectiveness pibed for secondary braking.

However, for hydraulic braking systemshvgtored energy, these provisions can
be considered to be met provided that the requintsnef paragraph 1.3. of
Annex 4 to this Regulation, are satisfied.

The requirements of paragraphs 5.2.2., 5&n8 5.2.4. above must be met
without the use of any automatic device of a kindhsthat its ineffectiveness
might pass unnoticed through the fact that partsnatly in a position of rest
come into action only in the event of failure i thraking system.

The service braking system shall act onwdleels of the vehicle and shall
distribute its action appropriately among the axles

In the case of vehicles equipped with eleaggenerative braking systems of
category B, the braking input from other sourceshking, may be suitably
phased to allow the electric regenerative brakipstesn alone to be applied,
provided that both the following conditions are met

Intrinsic variations in the torque outmitthe electrical regenerative braking
system (e.g. as a result of changes in the edestiziie of charge in the traction
batteries) are automatically compensated by apg@tepvariation in the phasing
relationship as long as the requiremeritef3ne of the following annexes to this
Regulation are satisfied:

Annex 3, paragraph 1.3.2., or
Annex 6, section 5.3. (including the case withalextric motor engaged), and

Wherever necessary, to ensure that braking_raten3ains related to the driver's
braking demand, having regard to the available/yagl adhesion, braking shall
automatically be caused to act on all wheels of/dtecle.

The action of the service braking system shall is&iduted between the wheels
of one and the same axle symmetrically in relatorthe longitudinal median
plane of the vehicle.

3/

The Authority, which is to grant approval, shhthve the right to check the service

braking system by additional vehicle test proceslure
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5.2.8.1.

5.2.8.1.1.

5.2.8.1.2.

5.2.8.2.

5.2.9.

5.2.10.

Compensation and functions, such as anti-lockcwimay cause deviations from
this symmetrical distribution shall be declared.

Compensation by the electric control tnaission for deterioration or defect
within the braking system shall be indicated to dneer by means of the yellow
warning signal specified in paragraph 5.2.21.1é2ow. This requirement shall
apply for all conditions of loading when compensatiexceeds the following
limits:

a difference in transverse braking pnesson any axle:

@) of 25 per cent of the higher value for vehitéeelerations 2 m/seé,

(b) a value corresponding to 25 per cent at 2 ch/fee decelerations below
this rate.

an individual compensating value onaxig:
(@) > 50 per cent of the nominal value for vehicle dersions> 2 m/seé,
(b) a value corresponding to 50 per cent of theinahvalue at 2 m/sédor
decelerations below this rate.

Compensation as defined above, is pewnitely when the initial brake
application is made at vehicle speeds greater1fdmm/h.

Malfunctions of the electric control transsion shall not apply the brakes
contrary to the driver's intentions.

The service, secondary and parking bragysgems must act on braking surfaces
connected to the wheels through components of adegtrength.

Where braking torque for a particular axle or axk provided by both a friction
braking system and an electrical regenerative hgalgystem of category B,
disconnection of the latter source is permittedyjaing that the friction braking
source remains permanently connected and able dader the compensation
referred to in paragraph 5.2.7.1.

However, in the case of short disconnection teartsi incomplete compensation
is accepted, but within 1s, this compensation shalle attained at least 75 per
cent of its final value.

Nevertheless, in all cases, the permanently caedddction braking source shall
ensure that both the service and secondary bralistgms continue to operate
with the prescribed degree of effectiveness.

Disconnection of the braking surfaces of the paykbraking system shall be
permitted only on condition that the disconneci®oontrolled exclusively by the
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driver from his driving seat, by a system incapaiflbeing brought into action by
a leak.

Wear of the brakes must be capable of Easdy taken up by means of a system
of manual or automatic adjustment. In additior, tlontrol and the components
of the transmission and of the brakes must possesserve of travel and, if
necessary, suitable means of compensation suchwhan the brakes become
heated, or the brake linings have reached a cedegree of wear, effective
braking is ensured without immediate adjustmentdp@iecessary.

Wear adjustment shall be automatic fer $brvice brakes. Automatic wear
adjustment devices shall be such that after hedthgwed by cooling of the
brakes, effective braking is still ensured. Intgatar the vehicle shall remain
capable of normal running after the tests conduiteatcordance with Annex 3,
paragraph 1.5. (Type-I test).

Checking the wear of the service brak&idn components

It shall be possible to easily assksswear on service brake linings from the
outside or underside of the vehicle, without theaeal of the wheels, by the
provision of appropriate inspection holes or by somther means. This may be
achieved by utilizing simple standard workshop $oof common inspection
equipment for vehicles.

Alternatively, a sensing device per wheel (twineels are considered as a single
wheel), which will warn the driver at his drivinggtion when lining replacement
iS necessary, is acceptable. The yellow warningnai specified in
paragraph 5.2.21.1.2. below may be used.

Assessment of the wear condition officéon surfaces of brake discs or drums
may only be performed by direct measurement of abtial component or
examination of any brake disc or drum wear indicgtevhich may necessitate
some level of disassembly. Therefore, at the tihgype approval, the vehicle
manufacturer shall define the following:

(@) The method by which wear of the friction suéfs of drums and discs may
be assessed, including the level of disassemblyinext) and the tools and
process required to achieve this.

(b) Information defining the maximum acceptableawdémit at the point at
which replacement becomes necessary.

This information shall be made freely availableg.evehicle handbook or
electronic data record.

In hydraulic-transmission braking systeths,filling ports of the fluid reservoirs
must be readily accessible; in addition, the redps containing the reserve fluid
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5.2.13.

5.2.14.

5.2.14.1.

5.2.14.2.

must be so designed and constructed that the tdvile reserve fluid can be
easily checked without the receptacles having tmpened, and the minimum
total reservoir capacity is equivalent to the fldidplacement resulting when all
the wheel cylinders or calliper pistons servicedh®/reservoirs move from a new
lining, fully retracted position to a fully wornulty applied position. If these

latter conditions are not fulfilled, the red waminsignal specified in

paragraph 5.2.21.1.1. below shall draw the drivattention to any fall in the

level of reserve fluid liable to cause a failuretod braking system.

The type of fluid to be used in hydraut@nsmission braking systems shall be
identified by the symbol in accordance with figdrer 2 of Standard 1SO 9128-
1987 and the appropriate DOT marking (e.g. DOT J)he symbol and the
marking must be affixed in a visible position ird&lible form within 100 mm of
the filling ports of the fluid reservoirs; additianinformation may be provided by
the manufacturer.

Warning device

Any vehicle fitted with a service bralauated from an energy reservoir must,
where the prescribed secondary braking performataenot be obtained by
means of this brake without the use of the stomeergy, be provided with a
warning device, giving an optical or acoustic sigwhen the stored energy, in
any part of the system, falls to a value at whicitheut re-charging of the
reservoir and irrespective of the load conditiohghe vehicle, it is possible to
apply the service brake control a fifth time afteur full-stroke actuations and
obtain the prescribed secondary braking performé&nitbout faults in the service
brake transmission device and with the brakes sejuas closely as possible).
This warning device must be directly and permareatinnected to the circuit.
When the engine is running under normal operatmmgditions and there are no
faults in the braking system, as is the case i tgpproval tests, the warning
device must give no signal except during the tiraquired for charging the
energy reservoir(s) after start-up of the engifibe red warning signal specified
in paragraph 5.2.21.1.1. below shall be used asgheal warning signal.

However, in the case of vehicles whiah @mly considered to comply with the
requirements of paragraph 5.2.4.1. of this Regutably virtue of meeting the
requirements of paragraph 1.3. of Annex 4 to theguRation, the warning device
shall consist of an acoustic signal in additioratooptical signal. These devices
need not operate simultaneously, provided that edctihem meets the above
requirements and the acoustic signal is not aaluagéore the optical signal. The
red warning signal specified in paragraph 5.2.41.kelow shall be used as the
optical warning signal.
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This acoustic device may be renderederatiye while the parking brake is
applied and/or, at the choice of the manufactumerthe case of automatic
transmission the selector is in the "Park" position

Without prejudice to the requirements ofageaph 5.1.2.3. above, where an
auxiliary source of energy is essential to the fimming of a braking system, the
reserve of energy must be such as to ensure fttla¢, €ngine stops or in the event
of a failure of the means by which the energy seus driven, the braking
performance remains adequate to bring the vehala halt in the prescribed
conditions. In addition, if the muscular effortpdipd by the driver to the parking
braking system is reinforced by a servo device,atieation of parking braking
must be ensured in the event of a failure of timecsdevice, if necessary by using
a reserve of energy independent of that normalbpktng the servo device. This
reserve of energy may be that intended for theigetwaking system.

The pneumatic/hydraulic auxiliary equipmenist be supplied with energy in
such a way that during its operation the prescrideceleration values can be
reached and that even in the event of damage teotlree of energy the operation
of the auxiliary equipment cannot cause the resewfe energy feeding the
braking systems to fall below the level indicategparagraph 5.2.14. above.

In the case of a motor vehicle equippedot® a trailer with electric service
brakes, the following requirements shall be met:

the power supply (generator and battefy}he motor vehicle shall have a
sufficient capacity to provide the current for decgric braking system. With the
engine running at the idling speed recommendedhkynmanufacturer and all
electrical devices supplied by the manufacturers@ndard equipment of the
vehicle switched on, the voltage in the electricads shall at maximum current
consumption of the electrical braking system (15n4j fall below the value of

9.6 V measured at the connection. The electrioais| shall not be capable of
short circuiting even when overloaded,

in the event of a failure in the motohieke's service braking system, where that
system consists of at least two independent uhigsunit or units not affected by
the failure shall be capable of partially or fullgtuating the brakes of the trailer;

the use of the stop-lamp switch and tifow actuating the electrical braking
system is permissible only if the actuating linecanected in parallel with the
stop-lamp and the existing stop-lamp switch andudirare capable of taking the
extra load.
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5.2.18.

5.2.18.1.

5.2.18.1.1.

5.2.18.2.

5.2.18.2.1.

5.2.18.2.2.

5.2.18.2.3.

5.2.18.2.4.

5.2.18.3.

5.2.18.4.

5.2.18.5.

Additional requirements for vehicles eqeippvith electric regenerative braking
systems.

Vehicles fitted with an electric regemi@mbraking system of category A.

the electric regenerative braking stwally be activated by the accelerator control
and/or the gear neutral position.

Vehicles fitted with an electric regetieebraking system of category B.

it must not be possible to disconngattially or totally, one part of the service
braking system other than by automatic means. Shwosild not be construed as a
departure from the requirements of paragraph 5;2.10

the service braking system must halyeare control device;

the service braking system must nadwersely affected by the disengagement
of the motor(s) or by the gear ratio used;

if the operation of the electric comgmanof braking is ensured by a relation
established between information coming from thetr@rf the service brake and
the braking force to the wheels which of it resudt$ailure of this relation leading
to the non-respect of the prescriptions of distidouof braking among the axles
(Annex 5 or 6, which is applicable) must be wartedhe driver by an optical
warning signal at the latest when the control is@ed and having to remain lit
as long as this defect exists and that the swit¢bamtact” is in the position "go".

For vehicles fitted with an electric negeative braking system of either category,
all the relevant prescriptions shall apply excegtagraph 5.2.18.1.1. above. In
this case, the electric regenerative braking mayadtteiated by the accelerator
control and/or the gear neutral position. Additityy the action on the service
braking control must not reduce the above brakifecegenerated by the release
of the accelerator control.

The operation of the electric braking tmat be adversely affected by magnetic
or electric fields.

For vehicles equipped with an anti-loekide, the anti-lock device must control
the electric braking system.
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The state of charge of the traction batés determined by the method set out in
Appendix 1 to Annex 3 to this Regulatioh 4

Special additional requirements for thectele transmission of the parking
braking system:

In the case of a failure within the eledransmission, any unintended actuation
of the parking braking system shall be prevented;

In the case of an electrical failurehi@ tontrol or a break in the wiring within the
electric control transmission between the contral the ECU directly connected
with it, excluding the energy supply, it shall rempossible to apply the parking
braking system from the driver's seat and therebgdpable of holding the laden
vehicle stationary on an 8 per cent up or down igrdd Alternatively, in this
case, an automatic actuation of the parking brakalowed when the vehicle is
stationary, provided that the above performane@eiseved and, once applied, the
parking brake remains engaged independently oftidweis of the ignition (start)
switch. In this alternative, the parking brakelsbha automatically released as
soon as the driver starts to set the vehicle inanatagain. The engine/manual
transmission or the automatic transmission (pasitjpm) may be used to achieve
or assist in achieving the above performance.

A break in the wiring within the elécait transmission, or an electrical failure in
the control of the parking braking system shallsignalled to the driver by the
yellow warning signal specified in paragraph 5.2121 When caused by a break
in the wiring within the electrical control transsion of the parking braking
system, this yellow warning signal shall be sigedihs soon as the break occurs.

In addition, such an electrical failure in the tohor break in the wiring external
to the electronic control unit(s) and excluding émergy supply shall be signalled
to the driver by flashing the red warning signa¢aped in paragraph 5.2.21.1.1.
as long as the ignition (start) switch is in then'drun) position including a
period of not less than 10 seconds thereafter &edcontrol is in the "on"
(activated) position. Where actuation of the pagkiotake is normally indicated
by a separate red warning signal, satisfying ale thequirements of
paragraph 5.2.21.2., this signal shall be usedtisfg the above requirement for a
red signal.

Auxiliary equipment may be supplied wethergy from the electric transmission
of the parking braking system provided that thepdupf energy is sufficient to
allow the actuation of the parking braking systemaddition to the vehicle

4/ By agreement with the Technical Service, statehairge assessment will not be required
for vehicles, which have an on-board energy sotwceharging the traction batteries and the
means for regulating their state of charge.



E/ECE/324
E/ECE/TRANS/505
Regulation No. 13-H
page 22

} Rev.2/Add.12H/Rev.1

electrical load under non-fault conditions. In gidd, where the energy reserve
is also used by the service braking system, theuinements of
paragraph 5.2.20.6. shall apply.

5.2.19.4. After the ignition/start switch which ¢mis the electrical energy for the braking
equipment has been switched off and/or the key vexhat shall remain possible
to apply the parking braking system, whereas relgashall be prevented.

5.2.20. Special additional requirements for senacaking systems with electric control
transmission:

5.2.20.1. With the parking brake released, theiserbraking system shall be able to
generate a static total braking force at leastvadgmt to that required by the
prescribed Type-0 testven when the ignition/start switch has been swidcbff
and/or the key has been removed. It should berstwtml that sufficient energy
is available in the energy transmission of theiserfaraking system.

5.2.20.2. In the case of a single temporary failigret0 ms) within the electric control
transmission, excluding its energy supply, (e.gn-transmitted signal or data
error) there shall be no distinguishable effectrenservice braking performance.

5.2.20.3. A failure within the electric control miemission_§ not including its energy
reserve, that affects the function and performasfceystems addressed in this
Regulation shall be indicated to the driver by thd or yellow warning signal
specified in paragraphs 5.2.21.1.1. and 5.2.2].1eBpectively, as appropriate.
When the prescribed service braking performancencalonger be achieved (red
warning signal), failures resulting from a loss electrical continuity (e.g.
breakage, disconnection) shall be signalled todiineer as soon as they occur,
and the prescribed secondary braking performanak Isé fulfilled by operating
the service braking control in accordance with geaph 2.2. of Annex 3 to this
Regulation.

5.2.20.4. In the event of a failure of the energyrse of the electric control transmission,
starting from the nominal value of the energy lewieé full control range of the
service braking system shall be guaranteed aftentivconsecutive full stroke
actuations of the service braking control. Durthg test, the braking control
shall be fully applied for 20 seconds and reledee8 seconds on each actuation.
It should be understood that during the abovedeficient energy is available in
the energy transmission to ensure full actuationthef service braking system.

5/ Until uniform test procedures have been agrekd, rhanufacturer shall provide the
Technical Service with an analysis of potentialui@s within the control transmission and their
effects. This information shall be subject to dssion and agreement between the Technical
Service and the vehicle manufacturer.
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This requirement shall not be construed as a deaftom the requirements of
Annex 4.

When the battery voltage falls below li&anominated by the manufacturer at
which the prescribed service braking performanae ma longer be guaranteed
and/or which precludes at least two independenticerbraking circuits from
each achieving the prescribed secondary brakinfpypeance, the red warning
signal specified in paragraph 5.2.21.1.1. shallabgvated. After the warning
signal has been activated, it shall be possiblpmy the service braking control
and obtain at least the secondary performance nivedcin paragraph 2.2. of
Annex 3 to this Regulation. It should be underdtdloat sufficient energy is
available in the energy transmission of the serlareding system.

If auxiliary equipment is supplied witheegy from the same reserve as the
electric control transmission, it shall be ensufeat, with the engine running at a
speed not greater than 80 per cent of the maximowep speed, the supply of
energy is sufficient to fulfil the prescribed desmaltion values by either provision
of an energy supply which is able to prevent disgbaof this reserve when all
auxiliary equipment is functioning or by automaligawitching off pre-selected
parts of the auxiliary equipment at a voltage abibnecritical level referred to in
paragraph 5.2.20.5. of this Regulation such thahéu discharge of this reserve is
prevented. Compliance may be demonstrated by latilon or by a practical test.
This paragraph does not apply to vehicles where pifesscribed deceleration
values can be reached without the use of eleceivalgy.

If the auxiliary equipment is suppliedthwenergy from the electric control
transmission, the following requirements shall liélfed:

In the event of a failure in the enesgyrce, whilst the vehicle is in motion, the
energy in the reservoir shall be sufficient to atéuthe brakes when the control is
applied,;

In the event of a failure in the enesgyrce, whilst the vehicle is stationary and
the parking braking system applied, the energhareservoir shall be sufficient
to actuate the lights even when the brakes areeabpl

The general requirements for optical waysignals whose function is to indicate

to the driver certain specified failures (or deatithin the braking equipment of
the motor vehicle, are set out in the following gavagraphs. Other than as
described in paragraph 5.2.21.5. below, these lsigiall be used exclusively for
the purposes prescribed by this Regulation.

Motor vehicles shall be capable of primgdoptical brake failure and defect
warning signals, as follows:
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5.2.21.1.1.

5.2.21.1.2.

5.2.21.2.

5.2.21.3.

5.2.21.3.1.

5.2.21.3.2.

5.2.21.3.3.

5.2.21.4.

5.2.21.5.

5.2.215.1.

5.2.21.5.2.

A red warning signal, indicating faglardefined elsewhere in this Regulation
within the vehicle braking equipment which precludehievement of the
prescribed service braking performance and/or wpretlude the functioning of
at least one of two independent service brakingus;

Where applicable, a yellow warning algimdicating an electrically detected
defect within the vehicle braking equipment, whishnot indicated by the red
warning signal described in paragraph 5.2.21.have.

The warning signals shall be visible,nelig daylight; the satisfactory condition
of the signals shall be easily verifiable by théveir from the driver's seat; the
failure of a component of the warning devices sinall entail any loss of the
braking system's performance.

Except where stated otherwise:

a specified failure or defect shall dignalled to the driver by the above-
mentioned warning signal(s) not later than on &deinaof the relevant braking
control;

the warning signal(s) shall remain ldigpd as long as the failure/defect persists
and the ignition (start) switch is in the "on" (jyosition; and

the warning signal shall be constaot flashing).

The warning signal(s) mentioned abovell dight up when the electrical
equipment of the vehicle (and the braking system®nergised. With the vehicle
stationary, the braking system shall verify thahexof the specified failures or
defects are present before extinguishing the ssign8becified failures or defects
which should activate the warning signals mentioabdve, but which are not
detected under static conditions, shall be stopshwetection and be displayed
at start-up and at all times when the ignition r¢stawitch is in the "on" (run)
position, as long as the failure or defect persists

Non specified failures (or defects), treo information concerning the brakes
and/or running gear of the power-driven vehicleyrha indicated by the yellow
signal specified in paragraph 5.2.21.1.2. aboveyiged that all the following
conditions are fulfilled:

the vehicle is stationary;
after the braking equipment is firsérgised and the signal has indicated that,

following the procedures detailed in paragraph ZA.2.. above, no specified
failures (or defects) have been identified; and
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non-specified faults or other informatshall be indicated only by the flashing of
the warning signal. However, the warning signalishe extinguished by the
time when the vehicle first exceeds 10 km/h.

Generation of a braking signal to illuméenatop lamps.

Activation of the service braking systieynthe driver shall generate a signal that
will be used to illuminate the stop lamps.

Activation of the service braking system by "autticadly commanded braking"
shall generate the signal mentioned above. Howewdren the retardation
generated is less than 0.7 ftke signal may be suppresséd 6

Activation of part of the service braking system"sglective braking" shall not
generate the signal mentioned aboke 7

Electric regenerative braking systems, which predacretarding force upon
release of the throttle pedal, shall not generaigraal mentioned above.

When a vehicle is equipped with the meansndicate emergency braking,
activation and de-activation of the emergency bmgksignal shall meet the
specifications below:

The signal shall be activated by theiagpbn of the service braking system at a
deceleration of or above 6 rfy/s

The signal shall be de-activated at the latestrwiie deceleration has fallen
below 2.5 m/&

The following conditions may also be used

(@) The signal may be activated by the applicatibrthe service braking
system in such a manner that it would produce,nirualaden condition
and engine disconnected, under the test conditbiiype-0 as described
in Annex 3, a deceleration of or above 6n/s

The signal shall be de-activated at the latestnwvtihe deceleration has
fallen below 2.5 mfs

or

6/ At the time of type approval, compliance withstihequirement shall be confirmed by the
vehicle manufacturer.

7/ During a "selective braking" event, the functionay change to "automatically
commanded braking".
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7.1.

7.1.1.

7.1.2.

7.2.

7.3.

8.1.

8.2.

(b) The signal may be activated when the serviekibg system is applied at
a speed above 50 km/h and the antilock systemlysdycling (as defined
in paragraph 2. of Annex 6).

The signal shall be deactivated when the antilegktem is no longer fully
cycling.

TESTS

Braking tests which the vehicles submitted forrapgal are required to undergo,
and the braking performance required, are descrimedAnnex 3 to this
Regulation.

MODIFICATION OF VEHICLE TYPE OR BRAKING SYSTEMAND
EXTENSION OF APPROVAL

Every modification of the vehicle type or t&f braking system shall be notified to
the Administrative Department which approved thehicle type. That
department may then either:

consider that the modifications made arekelyl to have an appreciable adverse
effect and that in any case the vehicle still méstsequirements; or

require a further report from the TechniBatvice responsible for carrying out
the tests.

Notice of confirmation, extension, or refuslapproval shall be communicated
by the procedure specified in paragraph 4.3. abdeethe Parties to the
Agreement which apply this Regulation.

The Competent Authority issuing the extensibapproval shall assign a series of
numbers to each communication form drawn up fohsucextension.

CONFORMITY OF PRODUCTION

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

A vehicle approved to this Regulation shallsbemanufactured as to conform to
the type approved by meeting the requirementsostt in paragraph 5. above.

The authority which has granted type apprawaly at any time verify the
conformity control methods applied in each produttfacility. The normal
frequency of these verifications shall be once gD years.
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PENALTIES FOR NON-CONFORMITY OF PRODUCTION

The approval granted in respect of a vehigle pursuant to this Regulation may
be withdrawn if the requirements laid down in paspi 8.1. above are not
complied with.

If a Contracting Party to the Agreement whagiplies this Regulation withdraws
an approval it has previously granted, it shalltfeith so notify the other
Contracting Parties applying this Regulation by nseaf a copy of the
communication form conforming to the model in Anrfeto this Regulation.

PRODUCTION DEFINITELY DISCONTINUED

If the holder of the approval completely ceasemémufacture a type of vehicle
approved in accordance with this Regulation, hdl st inform the authority

which granted the approval. Upon receiving thevaht communication, that
authority shall inform thereof the other Partiestite Agreement applying this
Regulation by means of copies of a communicatiomfoonforming to the model
in Annex 1 to this Regulation.

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

The Parties to the Agreement applying this Regutasihall communicate to the
United Nations secretariat the names and addresfsdse Technical Services
responsible for conducting approval tests and efAdministrative Departments
which grant approval and to which forms, certifyiagproval or extension or
refusal or withdrawal of approval, issued in otbeuntries, are to be sent.

TRANSITIONAL PROVISIONS
Until 24 months after the date of entry ifdmce of Supplement 5 to the original

version of this Regulation, Contracting Parties Igipg this Regulation may
continue to grant ECE approvals to the un-amendagliRtion.
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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 braking, pursuanRegulation No. 13-H

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

1. Trade name or mark of the VEhICle ...
2. N BNICIE TY P oot eaeennea
3. Manufacturer's name and addreSS ........cceeeeeiiiiir i
4. If applicable, name and address of manufacturepresentative ..................cccoovvvvimemn.
5. MASS Of VENICIE ..ottt e e e e e e e ee it e e e e e
5.1. Maximum mMass Of VENICIE .......ccoiiiiiiiei e
5.2. MiNiIMUM MASS Of VENICIE .......ciiiiiiii e e aeeens
6. Distribution of mass of each axle (maximum VRIUE...............cccooiiiiiiiiiiiiin e,
7. Make and type of brake liNiNGS .......coouiiiiiii e e
7.1. Brake linings tested to all relevant presaifg of ANNex 3 ........cooovviiiieiiiiie e eieee.
7.2. Alternative brake linings tested 10 ANNEX Z.......ccooiiiuiiiiieeiiieee e
8. ENGING LY PO it ettt e e e a e e
9. NUumber and ratioS Of JEAIS ........uu ittt r e et eeaeeees
10. o T Lo LGV ST = L0 () PSPPSR
11. If applicable, maximum mass of trailer whichynte coupled ................coiiiiiiiiiii e,
11,1, UNDraKed trailer .........iiiieiieeees e ettt e e e e et e e e e e e ea e e e e e e eeeeeab e e eeeees
12. TYIE QIMENSION ..ot e e e e e e e e e et e e e e et e e e e eea e e enan e e eetaaeeeananaaaeanes
12.1. Temporary-use spare wheel / tyre dimensians.............c.uuuuiiiiieiiiiiiiiiin e

12.2.  Vehicle meets the technical requirementsroiex 3 to Regulation No. 64: Yes/Nb 2
13. Maximum deSigN SPEEM ... ..oiieiii e ceee et
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14. Brief description of braking @qUIPMENT .. .o eeeiiiii e
15. Mass of vehicle When teSteA: .........et e e
Laden Unladen
(kg) (kg)
Axle No. 1
Axle No. 2
Total
16. Result of the tests:
Test Measured Measured force
Speed performance applied to control
(km/h) (daN)

16.1. Type-0 tests:
engine disconnected
service braking (laden)
service braking (unladen)
secondary braking (laden)
secondary braking (unladen)

16.2. Type-0 tests:
engine connected
service braking (laden)
service braking (unladen)
(in accordance with paragraph 2.1.1. B of Annex 3)

16.3. Type-l tests:
preliminary snubs (to determine pedal force)
hot performance (1st stop)
hot performance (2nd stop)
recovery performance

16.4. Dynamic parking brake performance
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17. Result of the ANNexX 5 PerforManCe tESES . eveiiiee e

18. Vehicle is / is not/22quipped to tow a trailer with electrical brakisystems.

19. Vehicle is / is not/2quipped with an anti-lock system.

19.1.  The vehicle fulfils the requirement of Anr&xYes / No 2

19.2.  Category of anti-lock system: category 1 822

20. Adequate documentation according to Annex 8sugplied in respect of the following
system(s): ........... ciriiiiiieiieiiesnnnnYes / No / Not dpgable 2

21. Vehicle submitted for approval 0N ...
22. Technical Service responsible for conductingragal ..............cccoooeeviiiieiiiieee e,
23. Date of report issued by that SErviCe ..o
24. Number of report issued by that Service..............oiiiiiiiii e
25. Approval granted / refused / extended / withair&/
26. Position of approval mark on the VEhICle ...,
27. PLAICE .o e e e e et e et e ettt et e e e e reeeeanne e
28. DAL . ————— e
29. S [0 = L (1= PP
30. The summary referred to in paragraph 4.3. o fRegulation is annexed to this
communication
i) Distinguishing number of the country which hasrged/extended/refused/withdrawn

approval (see provisions in the Regulation).

2/ Strike out what does not apply.
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Annex 2
ARRANGEMENTS OF APPROVAL MARKS

Model A
(See paragraph 4.4. of this Regulation)

(Eu
N_

The above approval mark affixed to a vehicle shdved the vehicle type concerned has, with
regard to braking, been approved in the United 8amg (E11) pursuant to Regulation No. 13-H
under approval number 002439. The first two digitehe approval number indicate that the
approval was granted in accordance with the remérgs of Regulation No. 13-H in its original

form.

N 1D

1

13-HR - 002439%_

a =8 mm min.

w o
w

Model B
(See paragraph 4.5. of this Regulation)

w o

QO
N I

E11
NS

wlo
NI NI

24 130 021628

a =8 mm min.

1 113-H | 002439
]

w o

The above approval mark affixed to a vehicle shivet the vehicle type concerned has been
approved in the United Kingdom (E11) pursuant tguRations Nos. 13-H and 24.1 (In the
case of the latter Regulation the corrected aborptoefficient is 1.30 ﬁ‘l). The approval
numbers indicate that, at the dates when the r@speapprovals were given, Regulation
No. 13-H was in its original form and Regulation.Nid included the 02 series of amendments.

u This number is given merely as an example.
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1.1.

1.1.1.

1.1.2.

1.2.

Annex3

BRAKING TESTS AND PERFORMANCE OF BRAKING SYSTEMS

BRAKING TESTS
General

The performance prescribed for brakingesystis based on the stopping distance
and the mean fully developed deceleration. Thépaance of a braking system
shall be determined by measuring the stopping rtistan relation to the initial
speed of the vehicle and/or by measuring the meky developed deceleration
during the test.

The stopping distance shall be the distaawasred by the vehicle from the
moment when the driver begins to actuate the cbaofrthe braking system until
the moment when the vehicle stops; the initial dpsieall be the speed at the
moment when the driver begins to actuate the cbofrthe braking system; the
initial speed shall not be less than 98 per cenhefprescribed speed for the test
in question.

The mean fully developed deceleratiop)(ghall be calculated as the deceleration
averaged with respect to distance over the intewab . , according to the
following formula:

Lo vi-vE
M 25.92(s, -s,)

where:

Vo = Initial vehicle speed in km/h,

W, = Vehicle speed at 0.8 in km/h,

Ve = vehicle speed at 0.3 in km/h,

$ = distance travelled betweepand vy in metres,
S = distance travelled betweepand v in metres.

The speed and distance shall be determined usstgumentation having an
accuracy of £ 1 per cent at the prescribed speedht® test. The g may be
determined by other methods than the measuremesptegid and distance; in this
case, the accuracy of thg ghall be within £ 3 per cent.

For the approval of any vehicle, the brakperformance shall be measured
during road tests conducted in the following candi:
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The vehicle's condition as regards masg$ bauas prescribed for each type of test
and be specified in the test report;

The test must be carried out at the sppezigribed for each type of test; if the
maximum design speed of a vehicle is lower thansfieeed prescribed for a test,
the test shall be performed at the vehicle's maxirapeed;

During the tests, the force applied to lineke control in order to obtain the
prescribed performance must not exceed the maxifowse laid down;

The road must have a surface affording gatheesion, unless specified otherwise
in the relevant annexes;

The tests must be performed when there sind liable to affect the results;

At the start of the tests, the tyres mestdld and at the pressure prescribed for
the load actually borne by the wheels when theckelis stationary;

The prescribed performance must be obtawigtbut locking of the wheels at
speeds exceeding 15 km/h, without deviation ofwékicle from a 3.5 m wide
lane, without exceeding a yaw angle of 15° and auitrabnormal vibrations;

For vehicles powered completely or pasti&y an electric motor (or motors),
permanently connected to the wheels, all tests rbastarried out with these
motor(s) connected;

For vehicles as described in paragraph8.l.@bove, fitted with an electric
regenerative braking system of category A, behavitests defined in
paragraph 1.4.3.1. of this annex shall be carriatl an a track with a low
adhesion coefficient (as defined in paragraph 5@&.2nnex 6);

Moreover, for vehicles fitted with an etec regenerative braking system of
category A, transient conditions as gear changeacoelerator control release
must not affect the behaviour of the vehicle in dibon described in
paragraph 1.2.9.;

In the tests provided in paragraphs 1.2l 1.2.9.1. wheel locking is not
allowed. However, steering correction is permittethe angular rotation of the
steering control is within 120° during the initaseconds and not more than 240°
in all;

For a vehicle with electrically actuatedvem brakes powered from traction
batteries (or an auxiliary battery) which receiye@nergy only from an
independent external charging system, these ledteshall, during braking
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1.3.

1.3.1.

1.3.2.

1.3.2.1.

1.4.

1.4.1.

1.4.1.1.

1.4.1.2.

1.4.1.2.1.

performance testing, be at an average of not niare 5 per cent above that state
of charge at which the brake failure warning prisxt in paragraph 5.2.20.5.
required to be given.

If this warning is given, the batteries may reeesome recharge during the tests,
to keep them in the required state of charge range.

Behaviour of the vehicle during braking

In braking tests, and in particular in #has high speed, the general behaviour of
the vehicle during braking must be checked.

Behaviour of the vehicle during braking oroad on which adhesion is reduced
must meet the relevant requirements of Annex 5 aandnnex 6 to this
Regulation.

In the case of a braking system accortbngaragraph 5.2.7. where the braking
for a particular axle (or axles) is comprised ofrenthan one source of braking
torque, and any individual source can be variedh waéspect to the other(s), the
vehicle shall satisfy the requirements of Annexibalternatively, Annex 6 under
all relationships permitted by its control stratdgy

Type-0 test (ordinary performance test wild drakes)
General

The average temperature of the servideebran the hottest axle of the vehicle,
measured inside the brake linings or on the brakiatty of the disc or drum, is
between 65 and 100°C prior to any brake application

The test must be conducted in the follgvdanditions:

the vehicle must be laden, the distidlouof its mass among the axles being that
stated by the manufacturer; where provision is nfadseveral arrangements of
the load on the axles the distribution of the maximmass among the axles must
be such that the mass on each axle is proportiontle maximum permissible
mass for each axle;

v The manufacturer shall provide the Technical Berwith the family of braking curves
permitted by the automatic control strategy. Theses/es may be verified by the Technical

Service.
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every test must be repeated on the enladhicle; there may be, in addition to
the driver, a second person on the front seat whesponsible for noting the
results of the test;

in the case of a vehicle equipped witlelactric regenerative braking system, the
requirements depend on the category of this system:

Category A. Any separate electric regenerativakiog control which is
provided, shall not be used during the Type-0 tests

Category B. The contribution of the electric negiative braking system to the
braking force generated shall not exceed that mininkevel guaranteed by the
system design.

This condition is deemed to be satisfied if tretesof charge of the batteries is in

one of the following conditions:

(€)) at the maximum charge level recommended byrtheufacturer, as listed
in the vehicle specification,

(b) at a level not less than 95 per cent of thé dbkrge level, where the
manufacturer has made no specific recommendation,

(c) at a maximum level resulting from automatic rgfea control on the
vehicle.

the limits prescribed for minimum pernfi@ance, both for tests with the vehicle
unladen and for tests with the vehicle laden, dbalthose laid down hereunder;
the vehicle must satisfy both the prescribed stupiistance and the prescribed
mean fully developed deceleration, but it may net recessary to actually
measure both parameters;

the road must be level; unless othergjmeified each test may comprise up to
six stops including any needed for familiarization.

Type-0 test with engine disconnected, servbraking in accordance with
paragraph 2.1.1.(A) of this annex.

The test must be carried out at the speed pbestrihe figures prescribed in this
connection being subject to a certain margin okraoice. The minimum
performance prescribed must be attained.

Type-0 test with engine connected, servimeking in accordance with
paragraph 2.1.1.(B) of this annex.

The test shall be carried out with theirmgonnected, from the speed prescribed
in paragraph 2.1.1. (B) of this annex. The mininpenformance prescribed shall
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1.4.3.2.

1.5.
1.5.1.

151.1.

1.5.1.2.

1.5.1.3.

be attained. This test is not run if the maximupeexl of the vehicle
is< 125 km/h.

The maximum practical performance figuwiesll be measured, and the behaviour
of the vehicle shall be in accordance with paragrdp3.2. of this annex.
However, if the maximum speed of the vehicle isatgge than 200 km/h, the test
speed shall be 160 km/h.

Type-| test (fade and recovery test)
Heating procedure
The service brakes of all vehicles mustdsted by successively applying and

releasing the brakes a number of times, the vebieieg laden, in the conditions
shown in the table below:

Conditions
Vi V2 At n
(km/h) (km/h) (sec)
80% Wnax 0.5v 45 15

<120
where:
vi = initial speed, at beginning of braking
Vv, = speed at end of braking
Vmax = Mmaximum speed of the vehicle
n = number of brake applications
At = duration of a braking cycle: time elapsingvibetn the initiation of one

brake application and the initiation of the next.

If the characteristics of the vehicle mékienpossible to abide by the duration
prescribed fot, the duration may be increased; in any evengddition to the
time necessary for braking and accelerating theclesha period of 10 seconds
must be allowed in each cycle for stabilizing theed v.

In these tests, the force applied to th@rol must be so adjusted as to attain a
mean deceleration of 3 mM/during every brake application; two preliminargtte
may be carried out to determine the appropriatérobforce.
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During brake applications, the highest gatio (excluding overdrive, etc.) must
be continuously engaged.

For regaining speed after braking, thelgeamust be used in such a way as to
attain the speed;vn the shortest possible time (maximum accelematibtowed
by the engine and gearbox).

For vehicles not having sufficient autogadim carry out the cycles of heating of
the brakes, the tests shall be carried out by @tigehe prescribed speed before
the first braking application and thereafter byngsthe maximum acceleration
available to regain speed and then braking sucedgst the speed reached at the
end of each 45 second cycle duration.

For vehicles equipped with an electrieregative braking system of category B,
the condition of the vehicle batteries at the sththe test, shall be such that the
braking force contribution provided by the electregenerative braking system
does not exceed the minimum guaranteed by thersyd#sign. This requirement
is deemed to be satisfied if the batteries areatad the state of charge conditions
as listed in paragraph 1.4.1.2.3. above.

Hot performance

At the end of the Type-I test (describegaragraph 1.5.1. of this annex) the hot
performance of the service braking system must lEasored in the same

conditions (and in particular at a mean controcéono greater than the mean
force actually used) as for the Type-O test witk #ngine disconnected (the

temperature conditions may be different).

This hot performance must not be less #a# per cent of that prescribed, nor
less than 60 per cent of the figure recorded inTipee-0 test with the engine
disconnected.

For vehicles fitted with an electric regetive braking system of category A,
during brake applications, the highest gear mustdsginuously engaged and the
separate electric braking control, if any, not used

In the case of vehicles equipped with lantec regenerative braking system of
category B, having carried out the heating cycEoading to paragraph 1.5.1.6.
of this annex, the hot performance test shall beethout at the maximum speed

2/

This corresponds to a stopping distance of G:1v0080 ¥ and a mean fully developed

deceleration of 4.82 nfls



E/ECE/324

E/ECE/TRANS/505

} Rev.2/Add.12H/Rev.1

Regulation No. 13-H

page 38
Annex 3

1.5.25.

1.5.3.

1.5.3.1.

1.5.4.

which can be reached by the vehicle at the entleobtake heating cycles, unless
the speed specified in paragraph 2.1.1. (A) ofdhisex can be reached.

For comparison, a later Type-0 test with cold bsakhall be repeated from this
same speed and with a similar electric regeneratiaking contribution, as set by
an appropriate state of battery charge, as wasladlai during the hot
performance test.

Following the recovery process and test, furtkeonditioning of the linings shall
be permitted before the test is made to compase gbcond cold performance
with that achieved in the hot test, against théega of paragraphs 1.5.2.2. or
1.5.2.5. of this annex.

In the case of a vehicle which satisfies &0 per cent requirement specified in
paragraph 1.5.2.2. of this annex, but which caepatply with the 75 Pper cent
requirement of paragraph 1.5.2.2. of this annefyrther hot performance test
may be carried out using a control force not excegthat specified in paragraph
2 of this annex. The results of both tests stakitered in the report.

Recovery procedure

Immediately after the hot performance test, miake stops from 50 km/h with
the engine connected, at a mean deceleration 063 nAllow an interval of
1.5 km between the start of successive stops. Hatedy after each stop,
accelerate at maximum rate to 50 km/h and maintahspeed until making the
next stop.

Vehicles equipped with an electrical regative braking system of category B
may have their batteries re-charged or replaced lmharged set, in order to
complete the recovery procedure.

Recovery performance

At the end of the recovery procedure, the recoymrformance of the service
braking system must be measured in the same consliis for the Type-0 test
with the engine disconnected (the temperature tiondi may be different), using
a mean force on the control, which is not more ttheenmean control force used
in the corresponding Type-0 test.

This recovery performance must not be less thampér cent, nor more than
150 per cent, of the figure recorded in the Typé¢e@t with the engine
disconnected.
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1.54.1. For vehicles equipped with an electricabenerative braking system of
category B, the recovery test shall be made with regenerative braking
component, i.e. under the conditions of paragraphtlabove.
After the further reconditioning of the liningssacond repeat Type-0 test shall be
made from the same speed and with no electric sxgéwe braking contribution
as in the recovery test with the engine/motorsaisected, and comparison shall
be made between these test results.
The recovery performance must not be less thampefOcent, nor more than
150 per cent of the figure recorded in this firggleat Type-0 test.
2. PERFORMANCE OF BRAKING SYSTEMS
2.1. Service braking system
2.1.1. The service brakes shall be tested undecdmditions shown in the following
table:
v 100 km/h
Type-0 test
(A) with engine s< 0.1 v+0.0060 ¥ (m)
disconnected
o S 6.43 m/é
v 80% Mnax< 160 km/h
Type-0 test
(B) with engine s< 0.1 v+0.0067 ¥ (m)
connected
Oy = 5.76 m/$
f 6.5 - 50 daN
where:
v = testspeed, in km/h
s = stopping distance, in metres
dn = mean fully developed deceleration, in m/s
f = force applied to foot control, in daN
Vmax = Maximum speed of the vehicle, in km/h
2.1.2. In the case of a motor vehicle authorizetbtv an unbraked trailer, the minimum

Type-0 performance of the combination shall notdss than 5.4 m7sn both the
laden and unladen conditions.



E/ECE/324
E/ECE/TRANS/505
Regulation No. 13-H
page 40

Annex 3

} Rev.2/Add.12H/Rev.1

The combination performance shall be verified laycelations referring to the
maximum braking performance actually achieved by thotor vehicle alone
(laden) during the Type-0 test with the engine als®cted, using the following
formula (no practical tests with a coupled unbrakkader are required):

— I:)M
dM+R _dM PM +PR
where:
dw:r = calculated mean fully developed decelerationtled motor vehicle
when coupled to an unbraked trailer, in /s
O = maximum mean fully developed deceleration of thetor vehicle
alosr21e achieved during the Type-0 test with engirseahnected, in
m/
Pu = mass of the motor vehicle (laden)
Pr = maximum mass of an unbraked trailer which maycbeapled, as
declared by the motor vehicle manufacturer.
2.2. Secondary braking system
2.2.1. The performance of the secondary brakirsgesy shall be tested by the Type-0

test with the engine disconnected from an inititicle speed of 100 km/h and a
force applied to the service brake control not thas 6.5 daN and not exceeding
50 daN.

2.2.2. The secondary braking system must giveoppsig distance not exceeding the
following value:

0.1v + 0.0158 ¥(m)

and a mean fully developed deceleration not lems th44 m/5(corresponding to
the second term of the above formula).

2.2.3. The secondary braking effectiveness teall &ie conducted by simulating the
actual failure conditions in the service brakingteyn.

2.2.4. For vehicles employing electric regeneratlwaking systems, the braking
performance shall additionally be checked under tiwe following failure
conditions:

2.2.4.1. For a total failure of the electric coment of the service braking output.
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In the case where the failure conditiausea the electric component to deliver its
maximum braking force.

Parking braking system

The parking braking system must be capalbleholding the laden vehicle
stationary on a 20 per cent up or down gradient.

On vehicles to which the coupling of alémis authorized, the parking braking
system of the motor vehicle must be capable of ihngldhe combination of
vehicles stationary on a 12 per cent up or dowdigrd.

If the control device is manual, the foapplied to it must not exceed 40 daN.

If it is a foot control device, the forceeeted on the control must not exceed
50 daN.

A parking braking system which has to beia@ed several times before it attains
the prescribed performance is admissible.

To check compliance with the requirememceed in paragraph 5.2.2.4. of this
Regulation, a Type-0 test must be carried out, titghengine disconnected, at an
initial test speed of 30 km/h. The mean fully deped deceleration on
application of the control of the parking brake teys and the deceleration
immediately before the vehicle stops, shall notdss than 1.5 mfs The test
shall be carried out with the laden vehicle. Thecé exerted on the braking
control device shall not exceed the specified \&alue

RESPONSE TIME

Where a vehicle is equipped with a servicking system which is totally or
partially dependent on a source of energy othem tha muscular effort of the
driver, the following requirements must be satifie

in an emergency manoeuvre, the time elgpseiween the moment when the
control device begins to be actuated and the momvaeh the braking force on

the least favourable placed axle reaches the reésponding to the prescribed
performance must not exceed 0.6 seconds;

in the case of vehicles fitted with hydraldraking systems, the requirements of
paragraph 3.1.1. above are considered to be satisfi in an emergency
manoeuvre, the deceleration of the vehicle or tiesgure at the least favourable
brake cylinder, reaches a level corresponding ® phescribed performance
within 0.6 seconds.
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Annex 3 - Appendix

PROCEDURE FOR MONITORING THE STATE OF BATTERY CHARG

This procedure is applicable to vehicle batterssoufor traction and regenerative braking.

The procedure requires the use of a bi-directid@Matt-hour meter.

1. Procedure

1.1 If the batteries are new or have been subjeextended storage, they shall be cycled
as recommended by the manufacturer. A minimum 8-lsoak period at ambient
temperature shall be allowed after completion aliog.

1.2. A full charge shall be established using thenuafiacturer's recommended charging
procedure.
1.3. When the braking tests of paragraphs 1.2114.1.2.3., 1.5.1.6., 1.5.1.7. and 1.5.2.4.

of Annex 3 are conducted the watt-hours consumedhiytraction motors and
supplied by the regenerative braking system shallrdcorded as a running total
which shall then be used to determine the stathafge existing at the beginning or
end of a particular test.

1.4 To replicate a level of state of charge in lbagteries for comparative tests, such as
those of paragraph 1.5.2.4., the batteries shakitteer recharged to that level or
charged to above that level and discharged inixeal load at approximately constant
power until the required state of charge is reachAllernatively, for vehicles with
battery powered electric traction only, the stdtelmrge may be adjusted by running
the vehicle. Tests conducted with a battery pdytigharged at their start shall be
commenced as soon as possible after the desitedo$teharge has been reached.
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Annex 4

PROVISIONS RELATING TO ENERGY SOURCES AND ENERGY GRAGE DEVICES

1.1.

1.1.1.

1.1.2.

1.1.3.

1.2.

1.2.1.

1.2.2.

1.2.2.1.

1.2.2.2.

(ENERGY ACCUMULATORS)
HYDRAULIC BRAKING SYSTEMS WITH STORED ENERGY

CAPACITY OF ENERGY STORAGE DEVICES (ENERGY
ACCUMULATORS)

General

Vehicles on which the braking equipmentunexs the use of stored energy
provided by hydraulic fluid under pressure shalldogipped with energy storage
devices (energy accumulators) of a capacity meetimgy requirements of

paragraphs 1.2. or 1.3. of this annex;

However, the energy storage devices slmlba required to be of a prescribed
capacity if the braking system is such that indbsence of any energy reserve it
is possible with the service brake control to aehia braking performance at
least equal to that prescribed for the secondaakiihg system;

In verifying compliance with the requirertenf paragraphs 1.2., 1.3. and 2.1. of
this annex, the brakes shall be adjusted as cloaslypossible and, for
paragraph 1.2. of this annex, the rate of fulligtractuations must be such as to
provide an interval of at least 60 seconds betvezeih actuation.

Vehicles equipped with a hydraulic brakingteyn with stored energy shall meet
the following requirements:

After eight full-stroke actuations of therdce brake control, it shall still be
possible to achieve, on the ninth application, geeformance prescribed for the
secondary braking system.

Testing shall be performed in conformityhathe following requirements:

Testing shall commence at a pressurentgtbe specified by the manufacturer
but is not higher than the cut-in pressure; 1

The energy storage device(s) shall notelde in addition, any energy storage
device(s) for auxiliary equipment shall be isolated

y

The initial energy level shall be stated in tpp@val document.
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1.3.

1.3.1.

1.3.2.

1.3.2.1.

1.3.2.2.

2.1.

2.1.1.

2.1.1.1.

2.1.1.2.

2.1.1.3.

2.1.2.

2.1.2.1.

2.1.2.2.

Vehicles equipped with a hydraulic brakingteyn with stored energy which
cannot meet the requirements of paragraph 5.20t.1his Regulation shall be
deemed to satisfy that paragraph if the followieguirements are met:

After any single transmission failure iaBtstill be possible after eight full-stroke
actuations of the service brake control, to achiavéhe ninth application, at least
the performance prescribed for the secondary bgakystem.

Testing shall be performed in conformityhathe following requirements:

With the energy source stationary or dpegaat a speed corresponding to the
engine idling speed, any transmission failure mayiraluced. Before inducing
such a failure, the energy storage device(s) dlalhat a pressure that may be
specified by the manufacturer but not exceedingthén pressure;

The auxiliary equipment and its energyagje devices, if any, shall be isolated.

CAPACITY OF HYDRAULIC FLUID ENERGY SOURCES

The energy sources shall meet the requiresmeat out in the following
paragraphs.

Definitions

"R" represents the maximum system operational pregsut-out pressure) in the
energy storage device(s) specified by the manufactu

"p" represents the pressure after four full-strokeattons with the service brake
control, starting at4 without having fed the energy storage device(s).

"t" represents the time required for thespure to rise frompgo py in the energy
storage device(s) without application of the bra&strol.

Conditions of measurement
During the tests to determine the tinted,feed rate of the energy source shall be
that obtained when the engine is running at theedpeorresponding to its

maximum power or at the speed allowed by the opeed governor.

During the test to determine the timenigrgy storage device(s) for auxiliary
equipment shall not be isolated other than autaali
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Interpretation of results

In the case of all vehicles, the timeallsiot exceed 20 seconds.
CHARACTERISTICS OF WARNING DEVICES
With the engine stationary and commencing aeagure that may be specified by

the manufacturer but does not exceed the cut-isspre, the warning device shall
not operate following two full-stroke actuationstbé service brake control.
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Annex 5
DISTRIBUTION OF BRAKING AMONG THE AXLES OF VEHICLES

1. GENERAL

Vehicles which are not equipped with an anti-legktem as defined in Annex 6
to this Regulation shall meet all the requiremenftghis annex. If a special
device is used, this must operate automatically.

2. SYMBOLS

[ = axleindex (i = 1, front axle;
i =2, rear axle)

R = normal reaction of road surface on axle i ursiatic conditions

N = normal reaction of road surface on axle i urltaking

T, =  force exerted by the brakes on axle i under abbmaking conditions
on the road

fi = Ti/N; , adhesion utilized by axle i 1

J =  deceleration of the vehicle

g =  acceleration due to gravity : g = 9.817m/s

z =  braking rate of vehicle = J/g

P = mass of vehicle

h =  height of centre of gravity specified by thanufacturer and agreed by

the Technical Services conducting the approval test

E = wheelbase
k = theoretical coefficient of adhesion betwege and road
v "Adhesion utilisation curvésof a vehicle means curves showing, for specifiead

conditions, the adhesion utilized by each axleitpt against the braking rate of the vehicle.
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3. REQUIREMENTS

3.1.(A) For all states of load of the vehicle, Hahesion utilization curve of the rear axle
shall not be situated above that for the front a2le
for all braking rates between 0.15 and 0.8:

3.1.(B) For k values between 0.2 and 0/8: 2
z>20.1+0.7 (k-0.2) (see diagram 1 of this annex)

3.2. In order to verify the requirements of pasagdr 3.1. of this annex, the
manufacturer shall provide the adhesion utilizatomves for the front and rear
axles calculated by the formulae:

f. = L = Tl
1 Nl h
H +Ze E e Pe g
(ot T
2 = N - h
S —z-E- Peg
The curves shall be plotted for both the following load coowast

3.2.1. unladen, in running order with the driver on board;

3.2.2. laden; where provision is made for several possibilitfdoad distribution, the
one whereby the front axle is the most heavily laden bleathe one considered;

3.2.3. for vehicles fitted with an electric regenerativakiimg system of category B,
where the electric regenerative braking capacity is emited by the electric state
of charge, the curves shall be plotted by taking accounteoklectric braking
component under the minimal and maximum conditions of delivered braking
force. This requirement is not applicable if the vehislequipped with an anti-
lock device which controls the wheels connected to the electidny then the
requirements of Annex 6 to this Regulation shall apply.

2/ The provisions of paragraph 3.1. do not affect the requirementméx 3 to this

Regulation relating to the braking performance. Howevem ifests made under the provisions
of paragraph 3.1., braking performances are obtained whidhigirer than those prescribed in
Annex 3, the provisions relating to the adhesion utilization suslall be applied within the
areas of diagram 1 of this annex defined by the straigls kre0.8 and z = 0.8.
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4.

5.1.

5.2.

5.3.

6.1.

6.2.

REQUIREMENTS TO BE MET IN CASE OF FAILURE OF THBRAKING
DISTRIBUTION SYSTEM

When the requirements of this annex are fulfilled by means pkeiad device

(e.g. controlled mechanically by the suspension of the vehitleghall be
possible, in the event of the failure of its control, (éog.disconnecting the
control linkage), to stop the vehicle under the conditions of the Uyjest with

the engine disconnected to give a stopping distance not exceeding
0.1v +§0.0100 ¥ (m) and a mean fully developed deceleration not less than
3.86 m/s.

VEHICLE TESTING

During the type-approval testing of a vehicle, the technitgpdction authority
shall verify conformity with the requirements contained in ghesent annex, by
carrying out the following tests:

Wheel-lock sequence test (see Appendix 1)

If the wheel-lock sequence test confirms that the frontelhlock before or
simultaneously with the rear wheels, conformity with parag@&pbf this annex
has been verified and testing is complete.

Additional tests
If the wheel-lock sequence test indicates that the rearlsvioes before the front
wheels, then the vehicle:
(@) will be subjected to additional testing, as follows:
() additional wheel-lock sequence tests; and/or
(i) torgue wheel tests (see Appendix 2) to determine bra&®réato
generate adhesion utilization curves; these curves must sHiesfy
requirements in paragraph 3.1.(A) of this annex.
(b) may be refused type-approval.

The results of the practical tests shall be appetadi type-approval report.
CONFORMITY OF PRODUCTION

When checking vehicles for conformity of production, thehmmal Services
should follow the same procedures as for type-approval.

The requirements shall also be the same as for type-apmweept that in the
test described in paragraph 5.2.(a)(ii) of this annexrehe axle curve must lie
below the line z =0.9 k for all braking rates between 0:® @8 (instead of
meeting the requirement in paragraph 3.1.(A) (see diagram 2)
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WHEEL-LOCK SEQUENCE TEST PROCEDURE

1. GENERAL INFORMATION

(@)

The purpose of this test is to ensure that lockup of bothvitoertls occurs at a
lower deceleration rate than the lockup of both rear wheels whexd t@stroad
surfaces on which wheel lockup occurs at braking rates betwkEead 0.8.

(b) A simultaneous lockup of the front and rear wheels rédetse condition when
the time interval between the lockup of the last (second) whettleorear axle
and the last (second) wheel on the front axke @s1l seconds for vehicle speeds
> 30 km/h.

2. VEHICLE CONDITIONS
(@) Vehicle load: Laden and unladen
(b) Transmission position: Engine disconnected
3. TEST CONDITIONS AND PROCEDURES
(@) Initial brake temperature: Between 65°C and 100°€@ageeon the hottest axle.
(b) Test speed: 65 km/h for a braking g&50;
100 km/h for a braking rate0.50.

(c) Pedal force:

(1) Pedal force is applied and controlled by a skilled drigerby a
mechanical brake pedal actuator.

(i) Pedal force is increased at a linear rate suabh ttie first axle lockup
occurs no less than one-half (0.5) second and no more than one and one-
half (1.5) seconds after the initial application of the pedal.

(iii) The pedal is released when the second axle locksshen the pedal
force reaches | kN, or 0.1 seconds after the first lockup, w\eche
occurs first.

(d) Wheel lockup: Only wheel lockups above a vehicle speed of 15 &ra/h
considered.

(e) Test surface: This test is conducted on road testcearfan which wheel
lockup occurs at braking rates between 0.15 and 0.8.

M Data to be recorded: The following information must beraatically recorded

in phase continuously throughout each test run such that values of didesri

can be cross referenced in real time:

0] Vehicle speed;

(i) Instantaneous vehicle braking rate (e.g. by diffeation of vehicle
speed);

(iir) Brake pedal force (or hydraulic line pressure);
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(iv) Angular velocity at each wheel.

Each test run shall be repeated once to confirm tleelvwbckup sequence: if
one of these two results indicates a failure to comply, thhimdatest run under
the same conditions will be decisive.

PERFORMANCE REQUIREMENTS

(@)
(b)

(€)
(d)

Both rear wheels shall not reach a locked condition prior to foait wheels
being locked - at vehicle braking rates between 0.15 &hd 0.

If, when tested to the procedure specified above, andhatlesdoraking rates
between 0.15 and 0.8 the vehicle meets one of the followingiayiteen it
passes this wheel lockup sequence requirement:

(i) No wheels lock;

(i)  Both wheels on the front axle and one or no wheekhemear axle lock;
(i)  Both axles simultaneously lock.

If wheel lockup commences at a braking rate less ttih@&nhd more than 0.8
then the test is invalid and should be repeated onexreiiff road surface.

If, either laden or unladen, at a braking rate betw®&5 and 0.8 both wheels
on the rear axle and one or no wheels on the front axle lock, tffigifsithe
wheel lockup sequence test. In this latter case, the vehigdébe submitted to
the 'torque wheels' test procedure to determine the objduthke factors for
calculation of the adhesion utilization curves.
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TORQUE WHEEL TEST PROCEDURE
1. GENERAL INFORMATION
The purpose of this test is to measure the brake factwtsthais determine the
adhesion utilization of the front and rear axles over a rahbea&ing rates between
0.15 and 0.8.
2. VEHICLE CONDITIONS

(@) Vehicle load: Laden and unladen
(b) Transmission position: Engine disconnected

3. TEST CONDITIONS AND PROCEDURES
(@) Initial brake temperature: Between 65°C and 100°C aseoagthe hottest
axle.

(b) Test speeds: 100 km/h and 50 km/h.

(c) Pedal force: Pedal force is increased at a limagr between 100 and
150 N/sec for the 100 km/h test speed, or between 100 and 200 N/lee fo
50 km/h test speed, until the first axle locks or until a bfmtae of 1 kN is
reached, whichever occurs first.

(d) Brake cooling: Between brake applications, the vehsctriven at speeds up
to 100 km/h until the initial brake temperature specified in pagg3.(a)
above is reached.

(e) Number of runs: With the vehicle unladen, run five stopsfa speed of
100 km/h and five stops from a speed of 50 km/h, while alternathgeen
the two test speeds after each stop. With the vehiden|arepeat the five
stops at each test speed while alternating between theestvspeeds.

M Test surface: This test is conducted on a road test sudtording good
adhesion.

(9) Data to be recorded: The following information must be raatizally
recorded in phase continuously throughout each test run such thas \al
the variables can be cross referenced in real time:

(i) Vehicle speed

(i) Brake pedal force

(i) Angular velocity of each wheel

(iv) Brake torque at each wheel

(v) Hydraulic line pressure in each brake circuit, iditig transducers on at
least one front wheel and one rear wheel downstream of angtioper
proportioning or pressure limiting valve(s)

(vi) Vehicle deceleration
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Sample rate: All data acquisition and recording equipmerit siaport a

minimum sample rate of 40 Hz on all channels.

Determination of front versus rear brake pressuré¢erene the front versus
rear brake pressure relationship over the entire range of lissypes. Unless
the vehicle has a variable brake proportioning system, thesndietation is

made by static tests. If the vehicle has a variable lpek@ortioning system,
dynamic tests are run with the vehicle both laden and unladeteerrgnubs
from 50 km/h are made for each of the two load conditions, uemgdame

initial conditions specified in this appendix.

DATA REDUCTION

(@)
(b)

(c)
(d)
(e)

(f)

(¢))

The data from each brake application prescribed in paragr@)habove is
filtered using a five-point, on-centre moving average &mhedata channel.
For each brake application prescribed in paragraph d¢egeadetermine the
slope (brake factor) and pressure axis intercept (brakedfiofaressure) of
the linear least squares equation best describing the raddsugue output at
each braked wheel as a function of measured line pressuredagipiiee same
wheel. Only torque output values obtained from data collected Wieen
vehicle deceleration is within the range of 0.15 g to 0.80 quseel in the
regression analysis.

Average the results of paragraph (b) above to calcthateaverage brake
factor and brake hold-off pressure for all brake applicationthe front axle.
Average the results of paragraph (b) above to catcule average brake
factor and brake hold-off pressure for all brake applioatfor the rear axle.
Using the relationship between front and rear brake liesspre determined
in paragraph 3.(i) above and the dynamic tyre rolling radius, eéécdhe
braking force at each axle as a function of front brake lingspre.

Calculate the braking rate of the vehicle as a functioth@ffront brake line
pressure using the following equation:

— Tl + T2
=Py
where z =  braking rate at a given front brake line pressure
T,,T, = braking forces at the front and rear axles respectively,

corresponding to the same front brake line pressure
P =  vehicle mass

Calculate the adhesion utilized at each axle as aidanat braking rate using
the following formulae:
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(h)

The symbols are defined in paragraph 2. of thiean

Plot f and $ as a function of z, for both laden and unlademn loanditions.
These are the adhesion utilization curves for thigicle, which must satisfy
the requirements in paragraph 5.2.(a)(ii) of thmex (or, in the case of
Conformity of Production checks, these curves nsasisfy the requirements
in paragraph 6.2. of this annex).
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Annex 60

TEST REQUIREMENTS FOR VEHICLES FITTED WITH ANTI-LOCSYSTEMS

GENERAL

This annex defines the required brakingquarnce for road vehicles fitted
with anti-lock systems.

The anti-lock systems known at present c@®pa sensor or Sensors, a
controller or controllers and a modulator or motimie. Any device of a
different design which may be introduced in theufat or where an anti-lock
braking function is integrated into another systesmall be deemed to be an
anti-lock braking system within the meaning of thimex and Annex 5 to this
Regulation, if it provides performance equal td thr@scribed by this annex.

DEFINITIONS
An "anti-lock systelnis a part of a service braking system which awttcally

controls the degree of slip, in the direction datmn of the wheel(s), on one or
more wheels of the vehicle during braking.

"Sensdrmeans a component designed to identify and trarterthe controller
the conditions of rotation of the wheel(s) or thgnamic conditions of the
vehicle.

"Controllet means a component designed to evaluate the datantitted by
the sensor(s) and to transmit a signal to the nadaul

"Modulatot means a component designed to vary the brakimgefs) in
accordance with the signal received from the cdletro

"Directly controlled whe&élmeans a wheel whose braking force is modulated
according to data provided at least by its own ceris

"Indirectly controlled whetmeans a wheel whose braking force is modulated
according to data provided by the sensor(s) ofrailneel(s). 1

"Full cycling means that the anti-lock system is repeatedly utatishg the

brake force to prevent the directly controlled wkeom locking. Brake

applications where modulation only occurs once rduthe stop shall not be
considered to meet this definition.

o

All footnotes to Annex 6 can be found at the ehthis annex.
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3.1.

3.1.1.

3.1.2.

3.1.3.

4.1.

TYPES OF ANTI-LOCK SYSTEMS

A vehicle is deemed to be equipped with ati-lack system within the
meaning of paragraph 1. of Annex 5 to this Regomatif one of the following
systems is fitted:

Category 1 anti-lock system

A vehicle equipped with a category 1 anti-logkstem shall meet all the
requirements of this annex.

Category 2 anti-lock system

A vehicle equipped with a category 2 anti-logkstem shall meet all the
requirements of this annex, except those of papdgha3.5.

Category 3 anti-lock system

A vehicle equipped with a category 3 anti-logkstem shall meet all the
requirements of this annex, except those of paphgré.3.4. and 5.3.5. On
such vehicles, any individual axle which does moiude at least one directly
controlled wheel must fulfil the conditions of adien utilization and the
wheel-locking sequence of Annex 5 to this Reguigtiostead of the adhesion
utilization requirements prescribed in paragragh 6t this annex. However, if
the relative positions of the adhesion utilizatioarves do not meet the
requirements of paragraph 3.1. of Annex 5 to threguRation, a check shall be
made to ensure that the wheels on at least onkeofear axles do not lock
before those of the front axle or axles under tbad@ions prescribed in
paragraph 3.1. of Annex 5 to this Regulation, wiglgard to the braking rate
and the load respectively. These requirements Ineaghecked on high- and
low-adhesion road surfaces (about 0.8 and 0.3 maxijby modulating the
service braking control force.

GENERAL REQUIREMENTS

Any electrical failure or sensor anomalyt taffiects the system with respect to
the functional and performance requirements in @msex, including those in
the supply of electricity, the external wiring tdwet controller(s), the
controller(s) _2 and the modulator(s) shall be signalled to thedrby a
specific optical warning signal. The yellow wamirsignal specified in
paragraph 5.2.21.1.2. of this Regulation shall dedifor this purpose.
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Sensor anomalies, which cannot be detaatdér static conditions, shall be
detected not later than when the vehicle speedeeixt@ km/h 8 However, to
prevent erroneous fault indication when a sensarotsgenerating a vehicle
speed output, due to non-rotation of a wheel, wation may be delayed but
detected not later than when the vehicle speedeetsce5 km/h.

When the anti-lock braking system is eredy with the vehicle stationary,
electrically controlled pneumatic modulator valyegball cycle at least once.

In the event of a single electrical funcéibfailure which only affects the anti-
lock function, as indicated by the above-mentiogyeliow warning signal, the
subsequent service braking performance must niessethan 80 per cent of the
prescribed performance according to the Type-O tegh the engine
disconnected. This corresponds to a stoppingrdistaf 0.1 v + 0.0075°(m)
and a mean fully developed deceleration of 5.1%.m/s

The operation of the anti-lock system must be adversely affected by
magnetic or electrical fields./ 4 (This shall be demonstrated by compliance
with Regulation No. 10, 02 series of amendments).

A manual device may not be provided to disext or change the control
mode 3 of the anti-lock system.

SPECIAL PROVISIONS
Energy consumption

Vehicles equipped with anti-lock systems mustinta@n their performance
when the service braking control device is fullypkgd for long periods.
Compliance with this requirement shall be verifedmeans of the following
tests:

Test procedure

The initial energy level in the energyrage device(s) shall be that specified by
the manufacturer. This level shall be at leashsag to ensure the efficiency
prescribed for service braking when the vehicléaden. The energy storage
device(s) for pneumatic auxiliary equipment musisodated.

From an initial speed of not less thark®m/h, on a surface with a coefficient of
adhesion of 0.3/6or less, the brakes of the laden vehicle shafublg applied
for a time t, during which time the energy consum®d the indirectly
controlled wheels shall be taken into consideratiod all directly controlled
wheels must remain under control of the anti-logitem.
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5.1.1.3. The vehicle's engine shall then be sdppr the supply to the energy
transmission storage device(s) cut off.

5.1.1.4. The service braking control shall therfldly actuated four times in succession
with the vehicle stationary.

5.1.1.5. When the brakes are applied for thé fifhe, it must be possible to brake the
vehicle with at least the performance prescribedsérondary braking of the
laden vehicle.

5.1.2. Additional requirements

5.1.2.1. The coefficient of adhesion of the roadfaexe shall be measured with the
vehicle under test, by the method described ingrap 1.1. of Appendix 2 to
this annex.

5.1.2.2. The braking test shall be conducted whth engine disconnected and idling,
and with the vehicle laden.

5.1.2.3. The braking time t shall be determinedhgyformula:

t — Vmax
7

(but not less than 15 seconds)

where t is expressed in seconds agng kepresents the maximum design speed
of the vehicle expressed in km/h, with an uppaitlpof 160 km/h.

5.1.2.4. If the time t cannot be completed inrayl@ braking phase, further phases may
be used, up to a maximum of four in all.

5.1.2.5. If the test is conducted in several phase fresh energy shall be supplied
between the phases of the test.

From the second phase, the energy consumptiaespanding to the initial
brake application may be taken into account, bytrasbing one full brake
application from the four full applications pressd in paragraph 5.1.1.4. (and
5.1.1.5. and 5.1.2.6.) of this annex for each @& $econd, third and fourth
phases used in the test prescribed in paragraph bflthis annex as applicable.
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The performance prescribed in paragraghl5. of this annex shall be
deemed to be satisfied if, at the end of the foaphlication, with the vehicle
stationary, the energy level in the storage des)ds(at or above that required
for secondary braking with the laden vehicle.

Utilization of adhesion

The utilization of adhesion by the antidogystem takes into account the
actual increase in braking distance beyond therétieal minimum. The anti-
lock system shall be deemed to be satisfactory vitherronditiore > 0.75 is
satisfied, where represents the adhesion utilized, as definedriagoaph 1.2.
of Appendix 2 to this annex.

The adhesion utilization shall be measured on road surfaces with a
coefficient of adhesion of 0.3 @r less, and of about 0.8 (dry road), with an
initial speed of 50 km/h. To eliminate the effeaf differential brake
temperatures itis recommended that zbe determined prior to the
determination of k.

The test procedure to determine the coefii of adhesion (k) and the
formulae for calculation of the adhesion utilizati¢g) shall be those laid
down in Appendix 2 to this annex.

The utilization of adhesion by the antkosystem shall be checked on
complete vehicles equipped with anti-lock systefnsategories 1 or 2. In the
case of vehicles equipped with category 3 anti-leggtems, only the axle(s)
with at least one directly controlled wheel musiséa this requirement.

The conditiore = 0.75 shall be checked with the vehicle both laded
unladen. 7

The laden test on the high adhesion surface meaymitted if the prescribed
force on the control device does not achieve fyltling of the anti-lock
system.

For the unladen test, the control force mayrmeeiased up to 100 daN if no
cycling is achieved with its full force valug.8If 100 daN is insufficient to
make the system cycle, then this test may be aghnitte

Additional checks

The following additional checks shall be carriedit with the engine
disconnected, with the vehicle laden and unladen:



E/ECE/324

E/ECE/TRANS/505

} Rev.2/Add.12H/Rev.1

Regulation No. 13-H

page 60
Annex 6

5.3.1.

5.3.2.

5.3.3.

5.3.4.

5.3.5.

5.3.6.

The wheels directly controlled by an dotk system must not lock when the
full force § is suddenly applied on the control device, onrb&d surfaces
specified in paragraph 5.2.2. of this annex, ainéral speed of v = 40 km/h
and at a high initial speed v = 0.8x < 120 km/h;_9

When an axle passes from a high-adhesidace (k) to a low-adhesion
surface (k), where I = 0.5 and I / k. = 2, 10 with the full force_8 applied
on the control device, the directly controlled wisemust not lock. The
running speed and the instant of applying the kwatell be so calculated
that, with the anti-lock system fully cycling oretthigh-adhesion surface, the
passage from one surface to the other is madeglatamd at low speed, under
the conditions laid down in paragraph 5.3.1.; 9

When a vehicle passes from a low-adhesinface (k) to a high-adhesion
surface (k) where = 0.5 and k / k. = 2, 10 with the full force_8 applied
on the control device, the deceleration of the elehimust rise to the
appropriate high value within a reasonable time #r vehicle must not
deviate from its initial course. The running speed the instant of applying
the brake shall be so calculated that, with thelaok system fully cycling on
the low-adhesion surface, the passage from onacaitb the other occurs at
approximately 50 km/h;

The provisions of this paragraph shalyaapply to vehicles equipped with
anti-lock systems of categories 1 or 2. When itjet rand left wheels of the
vehicle are situated on surfaces with differingfioents of adhesion ¢kand
ki), where I = 0.5 and I / k. = 2, 10 the directly controlled wheels must not
lock when the full force 8s suddenly applied on the control device ateesp
of 50 km/h;

Furthermore, laden vehicles equipped withi-lock systems of category 1
shall, under the conditions of paragraph 5.3.4.the§ annex satisfy the
prescribed braking rate in Appendix 3 to this annex

However, in the tests provided in paragsap.3.1., 5.3.2., 5.3.3., 5.3.4. and
5.3.5. of this annex, brief periods of wheel-lockirshall be allowed.
Furthermore, wheel-locking is permitted when thaiole speed is less than
15 km/h; likewise, locking of indirectly controllegheels is permitted at any
speed, but stability and steerability must not thected and the vehicle must
not exceed a yaw angle of 15° or deviate from an8Wide lane;
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5.3.7. During the tests provided in paragrapi&45.and 5.3.5. of this annex,
steering correction is permitted, if the angulaation of the steering control
is within 120° during the initial 2 seconds, and maoore than 240° in all.
Furthermore, at the beginning of these tests thgitiedinal median plane of
the vehicle must pass over the boundary betweehigie and low-adhesion
surfaces and during these tests no part of ther dutes must cross this
boundary. 7

u Anti-lock systems with select-high control areeded to include both directly and
indirectly controlled wheels; in systems with sélev control, all sensed wheels are deemed to
be directly controlled wheels.

2/ The manufacturer shall provide the Technical Berwith documentation relating to
the controller(s) which follows the format set auAnnex 8.

3/ The warning signal may light up again while ttedicle is stationary, provided that it is
extinguished before the vehicle speed reaches 10 km15 km/h, as appropriate, when no
defect is present.

4/ Until uniform test procedures have been agreleel,manufacturers shall provide the
Technical Services with their test procedures @sdlts.

5/ It is understood that devices changing the comrmde of the anti-lock system are not
subject to paragraph 4.4. if in the changed contnodde condition all requirements to the
category of anti-lock systems, with which the védhis equipped, are fulfilled.

6/ Until such test surfaces become generally aviaalyres at the limit of wear, and
higher values up to 0.4 may be used at the distreti the Technical Service. The actual value
obtained and the type of tyres and surface shakterded.

7/ Until a uniform test procedure is establishe@ tiasts required by this paragraph may
have to be repeated for vehicles equipped withtdet regenerative braking systems, in order
to determine the effect of different braking distiion values provided by automatic functions
on the vehicle.

8/ "Full force" means the maximum force laid downAnnex 3 to this Regulation; a
higher force may be used if required to activageahti-lock system.
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9/ The purpose of these tests is to check that theeils do not lock and that the vehicle
remains stable; it is not necessary, thereforena&e complete stops and bring the vehicle to a
halt on the low-adhesion surface.

10 ky is the high-adhesion surface coefficient
k. is the low-adhesion surface coefficient
ky and k are measured as laid down in Appendix 2 to thiean
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Annex 6 - Appendix 1

SYMBOLS AND DEFINITIONS
TABLE: SYMBOLS AND DEFINITIONS

SYMBOL NOTES
E wheelbase
€ the adhesion utilized of the vehicle: quotientled maximum braking rate with
the anti-lock system operativea(2 and the coefficient of adhesion (k)
€i thee - value measured on axle i (in the case of a mabicle with a category B
anti-lock system)
€H thee - value on the high-adhesion surface
&L thee - value on the low-adhesion surface
F force (N)
Fayn normal reactiqn of road surface under dynamic itmms$ with the anti-locK
system operative
Fidyn Fayn ON axle i in case of power-driven vehicles
F normal reaction of road surface on axle i undaticstonditions
Fm total normal static reaction of road surface dnvakels of power-driven vehicle
Funa Y/ total normal static reaction of road surface anuahbraked and non-driven axles
of the power-driven vehicle
Fva VY total normal static reaction of road surface om tinbraked and driven axles |of
the power-driven vehicle
Fwv 1 0.01 Fyng + 0.015 Iygq
g acceleration due to gravity (9.81 ﬁ)/s
height of centre of gravity specified by the mi@acturer and agreed by the
Technical Service conducting the approval test
k coefficient of adhesion between tyre and road
Ks k - factor of one front axle
i Funa @and kg in case of two-axled motor vehicles: these sysiody be simplified to

Eorresponding i~ symbols.
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TABLE: SYMBOLS AND DEFINITIONS (cont'd)

SYMBOL NOTES
Ky k - value determined on the high-adhesion surface
k; k - value determined on axle i for a vehicle witbadegory 3 anti-lock system
ke k - value determined on the low-adhesion surface
Kiock value of adhesion for 100 per cent slip
Km k - factor of the power-driven vehicle
Kpeak maximum value of the curve "adhesion versus slip"
Kr k - factor of one rear axle
P mass of individual vehicle (kg)
R ratio of keakto Kock
t time interval (s)
tm mean value of t
tmin minimum value of t
z braking rate
ZaL braking rate z of the vehicle with the anti-loglstem operative
Zm mean braking rate
Zmax maximum value of z
ZmaLs za. of the power-driven vehicle on a "split surface"
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Annex 6 - Appendix 2

UTILIZATION OF ADHESION
METHOD OF MEASUREMENT
Determination of the coefficient of adhesfkn

The coefficient of adhesion (k) shall beedmined as the quotient of the
maximum braking forces without locking the wheelsd athe corresponding
dynamic load on the axle being brakes.

The brakes shall be applied on only one akthe vehicle under test, at an initial
speed of 50 km/h. The braking forces shall beibisted between the wheels of
the axle to reach maximum performance. The anok-Igystem shall be
disconnected, or inoperative, between 40 km/h &nkin2/h.

A number of tests at increments of linespuee shall be carried out to determine
the maximum braking rate of the vehiclg{g. During each test, a constant input
force shall be maintained and the braking rate bglldetermined by reference to
the time taken (t) for the speed to reduce fromka0h to 20 km/h using the
formula:

Zmax 1S the maximum value of z; t is in seconds.
Wheel lock may occur below 20 km/h.
Starting from the minimum measured vaiti¢, called ti, , then select three

values of t comprised within,t, and 1.05 i, and calculate their arithmetical
mean valuent,

then calculate: z =

If it is demonstrated that for practical reasdhe three values defined above
cannot be obtained, then the minimum timg may be utilized. However, the
requirements of paragraph 1.3. shall still apply.

The braking forces shall be calculated fribve measured braking rate and the
rolling resistance of the unbraked axle which isia@do 0.015 and 0.010 of the
static axle load for a driven axle and a non-driagle, respectively.
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1.1.5.

1.1.6.

1.1.7.

1.1.8.

1.1.9.

1.2.

1.2.1.

1.2.2.

1.2.3.

The dynamic load on the axle shall be ginan by the formulae in Annex 5 to
this Regulation.

The value of k shall be rounded to threzmal places.

Then, the test will be repeated for theeptxle(s) as defined in paragraphs 1.1.1.
to 1.1.6. above.

For example, in the case of a two-axle-vdsel drive vehicle, with the front
axle (1) being braked, the coefficient of adheglgris given by:

z,,+P+g-0.0155
K, =

h
F1+E.Zm.P.g

The other symbols (P, h, E) are defined in Anbiéa this Regulation.

One coefficient will be determined for thent axle k and one for the rear axle
K.

Determination of the adhesion utilizeyl (

The adhesion utilized)(is defined as the quotient of the maximum brakizig
with the anti-lock system operatives(2 and the coefficient of adhesion (R
ie.,

From an initial vehicle speed of 55 kmltg maximum braking rate {2) shall be
measured with full cycling of the anti-lock brakirsystem and based on the
average value of three tests, as in paragraph. bfltBis appendix, using the time
taken for the speed to reduce from 45 km/h to 1Hkaccording to the following
formula:

The coefficient of adhesion, kshall be determined by weighting with the
dynamic axle loads.

+k oF

rdyn

_kf'Ff

dyn

Ky beg
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where:
3 h
I:fdyn - Ff +E.ZAL ° P.g
3 h
I:rdyn - I:r _E *Zp P.g
1.2.4. The value of shall be rounded to two decimal places.
1.2.5. In the case of a vehicle equipped withrailack system of categories 1 or 2, the

value of z_ will be based on the whole vehicle, with the dotk system in
operation, and the adhesion utilizes) 5 given by the same formula quoted in
paragraph 1.2.1. of this appendix.

1.2.6. In the case of a vehicle equipped withmtilack system of category 3, the value
of za. will be measured on each axle which has at leastdirectly controlled
wheel. For example, for a two-axle rear-wheel @rixehicle with an anti-lock
system acting only on the rear axle (2), the adimestilized €) is given by:

_Zp *P+g-0.010F

&y —

h
K, (F, E *Z, *P+Q)

This calculation shall be made for each axle ingat least one directly controlled
wheel.

1.3. If € > 1.00, the measurements of coefficients of adimeshall be repeated. A
tolerance of 10% is accepted.
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Annex 6 - Appendix 3

PERFORMANCE ON DIFFERING ADHESION SURFACES

1. The prescribed braking rate referred to irmgeaph 5.3.5. of this annex may be
calculated by reference to the measured coefficcdnddhesion of the two
surfaces on which this test is carried out. Thasesurfaces must satisfy the
conditions prescribed in paragraph 5.3.4. of thisex.

2. The coefficient of adhesion kand k ) of the high- and low-adhesion
surfaces, respectively, shall be determined in@eowe with the provisions in
paragraph 1.1. of Appendix 2 to this annex.

3. The braking rate (&.s) for laden vehicles shall be:

4k _+k
Zyas = 0.75 (%) and z,,c = k,



E/ECE/324
E/ECE/TRANS/505
Regulation No. 13-H
page 69

Annex 6 - Appendix 4

} Rev.2/Add.12H/Rev.1

Annex 6 - Appendix 4

METHOD OF SELECTION OF THE LOW ADHESION SURFACE

1. Details of the coefficient of adhesion of therface selected, as defined in
paragraph 5.1.1.2. of this annex, must be givehdadlechnical Service.

1.1. These data must include a curve of the aeffi of adhesion versus slip (from
0 to 100 per cent slip) for a speed of approxinyad@ km/h.

1.1.1. The maximum value of the curve will repredgeax and the value at 100 per cent
slip will represent k¢ .

1.1.2. The ratio R shall be determined as theigodf the lgeakand kock.
R - peak
kIock
1.1.3. The value of R shall be rounded to onerdatplace.
1.1.4. The surface to be used must have a rabietfeen 1.0 and 2.0.1
2. Prior to the tests, the Technical Service shadlure that the selected surface meets

the specified requirements and shall be informetth@ffollowing:

test method to determine R,

type of vehicle,

axle load and tyres (different loads and différigmes have to be tested and the
results shown to the Technical Service which wétide if they are representative
for the vehicle to be approved).

2.1. The value of R shall be mentioned in the reygort.

The calibration of the surface has to be caroatlat least once a year with a
representative vehicle to verify the stability of R

v Until such test surfaces become generally avigiad ratio R up to 2.5 is acceptable,
subject to discussion with the Technical Service.
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Annex 7
INERTIA DYNAMOMETER TEST METHOD FOR BRAKE LININGS
1. GENERAL

1.1 The procedure described in this annex mayapplied in the event of a
modification of vehicle type resulting from thetifiig of brake linings of another
type to vehicles which have been approved in aeoarel with this Regulation.

1.2. The alternative types of brake linings sHa#l checked by comparing their
performance with that obtained from the brake tsimvith which the vehicle was
equipped at the time of approval and conforminghe components identified in
the relevant information document, a model of whiglgiven in Annex 1 to this
Regulation.

1.3. The Technical Authority responsible for coctilg approval tests may at its
discretion require comparison of the performanceth&f brake linings to be
carried out in accordance with the relevant provisi contained in Annex 3 to
this Regulation.

1.4 Application for approval by comparison shdle made by the vehicle
manufacturer or by his duly accredited represerdati

1.5. In the context of this annex "vehicle" shalkan the vehicle type approved
according to this Regulation and for which it igjuested that the comparison
shall be considered satisfactory.

2. TEST EQUIPMENT
2.1. A dynamometer having the following charasties shall be used for the tests:
2.1.1. it shall be capable of generating the iaemtquired by paragraph 3.1. of this

annex, and have the capacity to meet the requirsmemnescribed by
paragraph 1.5. of Annex 3 to this Regulation wibpect to the Type-| fade test;

2.1.2. the brakes fitted shall be identical witihoge of the original vehicle type
concerned;

2.1.3. air cooling, if provided, shall be in aatance with paragraph 3.4. of this annex;

2.1.4. the instrumentation for the test shall #eable of providing at least the following

data;
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a continuous recording of disc or drutational speed;

number of revolutions completed durirgjap, to resolution not greater than one
eighth of a revolution;

stop time;

a continuous recording of the temperatoeasured in the centre of the path
swept by the lining or at mid-thickness of the disdrum or lining;

a continuous recording of brake applicationtrol line pressure or force;
a continuous recording of brake outprgue.
TEST CONDITIONS

The dynamometer shall be set as close ashfmssith+ 5 per cent tolerance, to
the rotary inertia equivalent to that part of th&ltinertia of the vehicle braked by
the appropriate wheel(s) according to the followimgnula:

=M R?
where:
| = rotational inertia (kgf)
R = dynamic tyre rolling radius (m)

M= that part of the maximum mass of the vehioteked by the appropriate
wheel(s). In the case of a single-ended dynamamties part shall be
calculated from the design braking distribution wheleceleration
corresponds to the appropriate value given in papg2.1.1.(A) of
Annex 3 to this Regulation.

The initial rotational speed of the inertigndmometer shall correspond to the
linear speed of the vehicle as prescribed in pa@ge.1.1.(A) of Annex 3 to this
Regulation and shall be based on the dynamic gpitadlius of the tyre.

Brake linings shall be at least 80 per caxttded and shall not have exceeded a
temperature of 180°C during the bedding procedorealternatively, at the
vehicle manufacturer's request, be bedded in aaooed with his
recommendations.
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3.4.

4.1.

4.2.

4.3.

4.3.1.

4.3.2.

4.3.3.

4.4.
4.4.1.

4.4.1.1.

Cooling air may be used, flowing over thekieran a direction perpendicular to its
axis of rotation. The velocity of the cooling #iowing over the brake shall be
not greater than 10 km/h. The temperature of tledirap air shall be the ambient
temperature.

TEST PROCEDURE

Five sample sets of the brake lining shakuld@ected to the comparison test; they
shall be compared with five sets of linings conforgto the original components
identified in the information document concernihg first approval of the vehicle
type concerned.

Brake lining equivalence shall be based @oraparison of the results achieved
using the test procedures prescribed in this aramek in accordance with the
following requirements.

Type-O cold performance test

Three brake applications shall be made wheninitial temperature is below
100°C. The temperature shall be measured in aanoedwith the provisions of
paragraph 2.1.4.4. of this annex.

Brake applications shall be made from #@ralmrotational speed equivalent to that
given in paragraph 2.1.1.(A) of Annex 3 to this Rleagion, and the brake shall be
applied to achieve a mean torque equivalent tal#dueleration prescribed in that
paragraph. In addition, tests shall also be chwigt at several rotational speeds,
the lowest being equivalent to 30 per cent of tleximum speed of the vehicle

and the highest being equivalent to 80 per cettiatfspeed.

The mean braking torque recorded duringatwve cold performance tests on the
linings being tested for the purpose of comparisball, for the same input
measurement, be within the test limitsl5 per cent of the mean braking torque
recorded with the brake linings conforming to tremponent identified in the
relevant application for vehicle type approval.

Type-| test (fade test)
Heating procedure

Brake linings shall be tested accordinthe procedure given in paragraph 1.5.1.
of Annex 3 to this Regulation.
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Hot performance

On completion of the tests required um@eagraph 4.4.1. of this annex, the hot
braking performance test specified in paragraph21.5f Annex 3 to this
Regulation shall be carried out.

The mean braking torque recorded duhegabove hot performance tests on the
linings being tested for the purpose of comparisball, for the same input
measurement, be within the test limitd5 per cent of the mean braking torque
recorded with the brake linings conforming to th@mponent identified in the
relevant application for vehicle type approval.

INSPECTION OF BRAKE LININGS

Brake linings shall be visually inspected on cortipteof the above tests to check
that they are in satisfactory condition for conédwse in normal service.
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Annex 8

SPECIAL REQUIREMENTS TO BE APPLIED TO THE SAFETY RECTS

OF COMPLEX ELECTRONIC VEHICLE CONTROL SYSTEMS
GENERAL

This annex defines the special requirements foua@ntation, fault strategy and
verification with respect to the safefspects of Complex Electronic Vehicle
Control Systems (definition 2.3. below) as fartds Regulation is concerned.

This annex may also be called, by special par&grapthis Regulation, for safety
related functions which are controlled by electeasystem(s).

This annex does not specify the performance iifer "The System" but covers
the methodology applied to the design process lamdnformation which must be
disclosed to the Technical Service, for type apgrpurposes.

This information shall show that "The System" extp, under normal and fault
conditions, all the appropriate performance requanets specified elsewhere in this
Regulation.

DEFINITIONS

For the purposes of this annex,

"Safety conceptis a description of the measures designed intosystem, for
example within the electronic units, so as to askl®ystem integrity and thereby
ensure safe operation even in the event of anriglalctailure.

The possibility of a fall-back to partial operatior even to a back-up system for
vital vehicle functions may be a part of the satsigcept.

"Electronic control systéhmeans a combination of units, designed to coaipen
the production of the stated vehicle control fumtidby electronic data processing.

Such systems, often controlled by software, ardt iiiam discrete functional
components such as sensors, electronic contra and actuators and connected
by transmission links. They may include mechaniedéctro-pneumatic or
electro-hydraulic elements.

"The Systerty referred to hereins the one for whiclype approval is being sought.
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"Complex electronic vehicle control systérage those electronic control systems
which are subject to a hierarchy of control in vihi controlled function may be
over-ridden by a higher level electronic contratsyn/function.

A function which is over-ridden becomes part of teenplex system.

"Higher-level contrdl systems/functions are those which employ addifion
processing and/or sensing provisions to modify clehi behaviour by
commanding variations in the normal function(sjie vehicle control system.

This allows complex systems to automatically chattggr objectives with a
priority which depends on the sensed circumstances.

"Units are the smallest divisions of system componershvwill be considered
in this annex, since these combinations of compisneiil be treated as single
entities for purposes of identification, analysigeplacement.

"Transmission linksare the means used for inter-connecting distithuinits for the
purpose of conveying signals, operating data @remngy supply.

This equipment is generally electrical but may,some part, be mechanical,
pneumatic, hydraulic or optical.

"Range of contrblrefers to an output variable and defines the @ameer which
the system is likely to exercise control.

"Boundary of functional operatibrdefines the boundaries of the external
physical limits within which the system is ablenmt@intain control.

DOCUMENTATION
Requirements

The manufacturer shall provide a documentatiockpge which gives access to
the basic design of "The System" and the means loghwit is linked to other
vehicle systems or by which it directly controlgpmut variables.

The function(s) of "The System" and the safetyoemt, as laid down by the
manufacturer, shall be explained.

Documentation shall be brief, yet provide evidentmt the design and
development has had the benefit of expertise fribiin@ system fields which are
involved.
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3.2.

3.2.1.

3.2.2.

3.2.3.

3.3.

3.3.1.

3.3.2.

For periodic technical inspections, the documémashall describe how the
current operational status of "The System" canhaeked.

Documentation shall be made available iargsp

(@) The formal documentation package for the agpra@ontaining the material
listed in Section 3 (with the exception of thatpafagraph 3.4.4.) which shall
be supplied to the technical service at the timesuddmission of the type
approval application. This will be taken as thesibareference for the
verification process set out in paragraph 4. of #mnex.

(b) Additional material and analysis data of psaph 3.4.4., which shall be
retained by the manufacturer, but made open f@eictton at the time of type
approval.

Description of the functions of "The System"
A description shall be provided which gives a demgxplanation of all the control
functions of "The Systemand the methods employed to achieve the objectives

including a statement of the mechanism(s) by wbarttrol is exercised.

A list of all input and sensed variableslidba provided and the working range of
these defined.

A list of all output variables which are trolied by "The System" shall be provided
and an indication given, in each case, of whetmeicontrol is direct or via another
vehicle system. The range of control (paragraph) 2xercised on each such
variable shall be defined.

Limits defining the boundaries of functiormgderation (paragraph 2.8.) shall be
stated where appropriate to system performance.

System layout and schematics
Inventory of components

A list shall be provided, collating all the un@é"The System" and mentioning the
other vehicle systems which are needed to achivedntrol function in question.

An outline schematic showing these units in comtoam, shall be provided with
both the equipment distribution and the intercotines made clear.

Functions of the units

The function of each unit of "The System" shalbloélined and the signals linking it
with other Units or with other vehicle systems Ehm shown. This may be
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provided by a labelled block diagram or other scwgnor by a description aided
by such a diagram.

Interconnections

Interconnections within "The System" shall be shdw a circuit diagram for the
electrical transmission links, by an optical-fibdiagram for optical links, by a
piping diagram for pneumatic or hydraulic transmissequipment and by a
simplified diagrammatic layout for mechanical ligis.

Signal flow and priorities

There shall be a clear correspondence betweer thessmission links and the
signals carried between units.

Priorities of signals on multiplexed data pathalidbe stated, wherever priority may
be an issue affecting performance or safety aasféinis Regulation is concerned.

Identification of units

Each unit shall be clearly and unambiguously ifi@ble (e.g. by marking for
hardware and marking or software output for sofeva&ontent) to provide
corresponding hardware and documentation assatiatio

Where functions are combined within a single Umitindeed within a single
computer, but shown in multiple blocks in the blatikgram for clarity and ease
of explanation, only a single hardware identifioatmarking shall be used.

The manufacturer shall, by the use of this ideratifon, affirm that the equipment
supplied conforms to the corresponding document.

The identification defines the hardward software version and, where the latter
changes such as to alter the function of the umifaa as this Regulation is
concerned, this identification shall also be change

Safety concept of the manufacturer

The manufacturer shall provide a statemdtiwaffirms that the strategy chosen
to achieve "The System" objectives will not, unden-fault conditions, prejudice
the safe operation of systems which are subjecthéo prescriptions of this
Regulation.

In respect of software employed in "The &yst the outline architecture shall be
explained and the design methods and tools usell Ishaidentified. The
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manufacturer shall be prepared, if required, tmskome evidence of the means by
which they determined the realisation of the syskegic, during the design and
development process.

The Manufacturer shall provide the technauathorities with an explanation of
the design provisions built into "The System" sot@gjenerate safe operation
under fault conditions. Possible design provisifmidailure in "The System" are

for example:

(@) Fall-back to operation using a partial system.

(b) Change-over to a separate back-up system.

(c) Removabf thehigh levelfunction.

In case of a failure, the driver shall be warnedexample by warning signal or
message display. When the system is not deadliviayethe driver, e.g. by
turning the Ignition (run) switch to "off", or bywstching off that particular

function if a special switch is provided for thairpose, the warning shall be
present as long as the fault condition persists.

If the chosen provision selects a papmtfformance mode of operation under
certain fault conditions, then these conditionslisba stated and the resulting
limits of effectiveness defined.

If the chosen provision selects a sedbtadk-up) means to realise the vehicle
control system objective, the principles of therad&over mechanism, the logic
and level of redundancy and any built in back-ugoking features shall be
explained and the resulting limits of back-up efifeeness defined.

If the chosen provision selects the reinofahe higher level function, all the
corresponding output control signals associatel this function shall be inhibited,
and in such a manner as to limit the transitiotudisnce.

The documentation shall be supported, nafysis which shows, in overall terms,
how the system will behave on the occurrence of@re of those specified faults
which will have a bearing on vehicle control pemfiance or safety.

This may be based on a Failure Mode and Effectysisa(FMEA), a Fault Tree
Analysis (FTA) or any similar process appropriate stystem safety
considerations.

The chosen analytical approach(es) shall be esdtadl and maintained by the
manufacturer and shall be made open for inspebyotine technical service at the
time of the type approval.
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This documentation shall itemise the patara being monitored and shall set out,
for each fault condition of the type defined ingqgmaph 3.4.4. above, the warning
signal to be given to the driver and/or to sert@minical inspection personnel.

VERIFICATION AND TEST

The functional operation of "The Systems$ laid out in the documents required in
paragraph 3., shall be tested as follows:

Verification of the function of "The System"

As the means of establishing the normal operdtitnzels, verification of the
performance of the vehicle system under non-faniitddions shall be conducted
against the manufacturer's basic benchmark spegadircunless this is subject to a
specified performance test as part of the apprpvatedure of this or another
Regulation.

Verification of the safety concept of pasguii3.4.

The reaction of "The System" shall, at the disoneof the type approval authority,
be checked under the influence of a failure in amdividual unit by applying
corresponding output signals to electrical unitsn@chanical elements in order to
simulate the effects of internal faults within tnat.

The verification results shall correspond with thecumented summary of the
failure analysis, to a level of overall effect suicht the safety concept and execution
are confirmed as being adequate.



