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1. SCOPE
1.1. This Regulation applies to vehicles of categoh,, M3, N and O_1 with regard
to braking 2.
1.2. This Regulation does not cover:
1.2.1. vehicles with a design speed not exceednignh;
1.2.2. trailers which may not be coupled to poweveh vehicles with a design speed
exceeding 25 km/h;
1.2.3. vehicles fitted for invalid drivers;
1.3. Subject to the applicable provisions of thisgRation, the equipment, devices,
methods and conditions enumerated in Annex 1 are cowered by this
Regulation.
2. DEFINITIONS

For the purposes of this Regulation,

2.1 "Approval of a vehiclemeans the approval of a vehicle type with regerd
braking;

2.2. "Vehicle type means a category of vehicles which do not diffiesuch essential
respects as:

2.2.1. in the case of power-driven vehicle,

2.2.1.1. the vehicle category, (see paragraphabdve);

2.2.1.2. the maximum mass, as defined in parag2ai below;

2.2.1.3. the distribution of mass among the axles;

2.2.1.4. the maximum design speed;

u As defined in Annex 7 to the Consolidated Resotubn the Construction of Vehicles
(R.E.3) (TRANS/WP.29/78/Rev.1/Amend.2, as last ateeinby Amend.4).

2/ In accordance with the application dates conthimeparagraph 12. of this Regulation,
braking requirements for vehicles of category Bfe exclusively included in Regulation
No. 13-H. For vehicles of categoryi,NContracting Parties that are signatories to both
Regulation No. 13-H and this Regulation shall retpg approvals to either Regulation as
equally valid.
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2.2.15. a different type of braking equipment, hwihore particular reference to the
presence or otherwise of equipment for brakingadetr, or any presence of an
electric regenerative braking system;

2.2.1.6. the number and arrangement of the axles;

2.2.1.7. the engine type;

2.2.1.8. the number and ratios of gears;

2.2.1.9. the final drive ratios;

2.2.1.10. the tyre dimensions;

2.2.2. in the case of trailers,

2.2.2.1. the vehicle category (see paragraph bhdveg;

2.2.2.2. the maximum mass, as defined in parag2aih below;
2.2.2.3. the distribution of mass among the axles;

2.2.2.4. a different type of braking equipment;

2.2.2.5. the number and arrangement of the axles;

2.2.2.6. the tyre dimensions;

2.3. "Braking systefhmeans the combination of parts whose functigoragressively

to reduce the speed of a moving vehicle or bringoita halt, or to keep it
stationary if it is already halted; these functi@me specified in paragraph 5.1.2.
The system consists of the control, the transmissiod the brake proper;

2.4, "Contra! means the part actuated directly by the driverijothe case of some
trailers, by an assistant) to furnish to the trassian the energy required for
braking or controlling it. This energy may be thescular energy of the driver,
or energy from another source controlled by theedrior in appropriate cases the
kinetic energy of a trailer, or a combination ofsk various kinds of energy;

2.4.1. "Actuatiofi means both application and release of the cantrol
2.5. "Transmissichmeans the combination of components comprisededst the

control and the brake and linking them functionallfhe transmission may be
mechanical, hydraulic, pneumatic, electric or mixéthere the braking power is



2.5.1.

2.5.2.

2.6.

2.7.

2.7.1.

2.7.2.

2.7.3.

2.8.

2.9.

2.9.1.
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derived from or assisted by a source of energypaddent 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. Wherieterm "transmission” is
used alone in this Regulation, it means both thenttol transmission" and the
"energy transmission". The control and supplydibetween towing vehicles and
trailers shall not be considered as parts of @ustnission.

"Control transmissinmeans the combination of the components of the
transmission which control the operation of thekbm including the control
function and the necessary reserve(s) of energy.

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

"Braké means the part in which the forces opposing tbeement of the vehicle
develop. It may be a friction brake (when the ésr@re generated by friction
between two parts of the vehicle moving relativielyone another); an electrical
brake (when the forces are generated by electraratmgaction between two
parts of the vehicle moving relatively to but notdontact with one another); a
fluid brake (when the forces are generated by ttoma of a fluid situated
between two parts of the vehicle moving relativielyone another); or an engine
brake (when the forces are derived from an ardfigncrease in the braking
action, transmitted to the wheels, of the engine);

"Different types of braking systefmseans systems which differ in such essential
respects as:

components having different characteristics;

a component made of materials having diffecharacteristics, or a component
differing in shape or size;

a different assembly of the components;

"Component of a braking systemeans one of the individual parts which, when
assembled, constitute the braking system;

"Continuous brakirigmeans the braking of a combination of vehiclagsulh an
installation having the following characteristics:

a single control which the driver actuatesgpessively, by a single movement,
from his driving seat;
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2.9.2.

2.9.3.

2.10.

2.10.1.

2.10.2.

2.10.3.

2.11.

2.12.

2.13.

2.13.1.

2.13.2.

2.13.3.

2.14.

the energy used for braking the vehiclestituting the combination is furnished
by the same source (which may be the muscular grértpe driver);

the braking installation ensures simultasemusuitably-phased braking of each
of the constituent vehicles of the combination, igkar their relative positions;

"Semi-continuous brakihgneans the braking of a combination of vehicles
through an installation having the following chaeaistics:

a single control which the driver actugtesgressively, by a single movement,
from his driving seat;

the energy used for braking the vehiclesttuting the combination is furnished
by two different sources (one of which may be thesaular energy of the driver);

the braking installation ensures simultaseor suitably-phased braking of each
of the constituent vehicles of the combination, igkar their relative positions;

"Automatic brakiny means braking of the trailer or trailers occugrin
automatically in the event of separation of compiseof the combination of
coupled vehicles, including such separation throtinghbreakage of a coupling,
the effectiveness of the braking of the remaindethe combination not being
thereby destroyed;

"Inertia (or overrun) brakifigneans braking by utilizing the forces generatgd b
the trailer's moving up on the towing vehicle;

"Progressive and graduated brakingeans braking during which, within the
normal operating range of the equipment, and duaictgation of the brakes (see
paragraph 2.4.1. above);

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

the braking force varies proportionallyths action on the control (monotonic
function); and

the braking force can be easily regulatitd sufficient precision;

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



2.15.

2.15.1.

2.15.2.

2.15.2.1.

2.15.2.2.

2.15.2.3.

2.16.

2.17.

2.18.

2.19.

2.20.

2.21.

2.21.1.
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"Endurance braking systérmeans an additional braking system having the
capability to provide and to maintain a brakingeetfover a long period of time
without a significant reduction in performance. eTterm "endurance braking
system" covers the complete system including timrobdevice,

The endurance braking system may comprssegée device or a combination of
several devices. Each device may have its owrraont

Control configurations for endurance brglsgstems:
"Independent endurance braking systamans an endurance braking system

whose control device is separated from that of $eevice and other braking
systems,

"Integrated endurance braking syStemeans an endurance braking system
whose control device is integrated with that of $lkeevice braking system in such
a way that both endurance and service braking mgsége applied simultaneously
or suitably phased by operation of the combinedrobdevice,

"Combined endurance braking syStemeans an integrated endurance braking
system, which in addition has a cut-out device, civhallows the combined
control to apply the service braking system alone.

"Laden vehiclemeans, except where otherwise stated, a vehcladen as to
attain its "maximum mass";

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

"The distribution of mass among the akleeans 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 Idadtheans the stationary wheel/axle load
achieved under the condition of the laden vehicle;

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

"Electric_regenerative braking controheans a device which modulates the
action of the electric regenerative braking system.
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2.21.2.

2.21.3.

2.21.4.

2.21.5.

2.22.

2.23.

2.24.

2.25.

2.26.

2.27.

2.28.

"Electric _regenerative braking system oftegary A' means an electric
regenerative braking system which is not part efgérvice braking system.

"Electric _regenerative braking systems ategory B means an electric
regenerative braking system which is part of thgise braking system.

"Electric state of chargeneans the instantaneous ratio of electric quanuit
energy stored in the traction battery relativeh® tmaximum quantity of electric
energy which could be stored in this battery.

"Traction battefymeans an assembly of accumulators constitutisgstbrage of
energy used for powering the traction motor(shefiehicle.

"Hydraulic braking system with stored enérgyeans a braking system where
energy is supplied by a hydraulic fluid under poess stored in one or more

accumulators fed from one or more pressure punged) ftted with a means of

limiting the pressure to a maximum value. Thisueashall be specified by the
manufacturer;

"Simultaneous lockup of the front and reae&l#i refers to the condition when
the time interval between the first occurrenceooklp of the last (second) wheel
on the rear axle and the first occurrence of locknghe last (second) wheel on
the front axle is less than 0.1 second.

"Electric_control line means the electrical connection between powetedri
vehicle and trailer which provides the braking cohtunction to the trailer. It
comprises the electrical wiring and connector amcludes the parts for data
communication and the electrical energy supply ftbe trailer control
transmission.

"Data_communicatidnmeans the transfer of digital data under thesrwé a
protocol.

"Point-to-poirit means a topology of a communication network watily two
units. Each unit has an integrated terminatiorst@sfor the communication line.

"Coupling force contrblmeans a system/function to balance automatidhky
braking rate of towing vehicle and trailer.

"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 and when used in combination.



2.28.1.

2.28.2.

2.28.3.

2.29.

2.30.

2.31.

2.32.

2.33.

3.1

3.2.

3.2.1.
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"Nominal valueis defined, for a power-driven vehicle, as thearatteristic
which can be demonstrated at Type Approval and hwhatates the braking rate
of the vehicle on its own to the level of the brakinput variable.

"Nominal valueis defined, for a trailer, as the characteristibich can be
demonstrated at Type Approval and which relate$thking rate to the coupling
head signal.

"Nominal demand valteis defined, for coupling force control, as the
characteristic which relates the coupling headaigmthe braking rate and which
can be demonstrated at Type Approval, within tmeit§ of the compatibility
bands of Annex 10.

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

"Selective brakifigneans a function within a complex electronic cohsystem
where actuation of individual brakes is made byom#tic means in which
vehicle retardation is secondary to vehicle behavinodification.

"Reference braking forcesieans the braking forces of one axle generatdideat
circumference of the tyre on a roller brake testetative to brake actuator
pressure and declared at the time of type approval.

"Braking signdl logic signal indicating brake activation as dfied in
paragraph 5.2.1.30.

"Emergency braking sigfallogic signal indicating emergency braking as
specified in paragraph 5.2.1.31.

APPLICATION FOR APPROVAL

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

It shall be accompanied by the under-mentiad@mzlments in triplicate and by
the following particulars:

a description of the vehicle type with regaio the items specified in
paragraph 2.2. above. The numbers and/or symtetsifying the vehicle type
and, in the case of power-driven vehicles, therngipe shall be specified,;
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3.2.2.

3.2.3.

3.2.4.

3.3.

3.4.

4.1.

4.2.

4.3.

4.4,

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

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

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

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

The competent authority shall verify the estisie of satisfactory arrangements
for ensuring effective control of the conformity @roduction before type
approval is granted.

APPROVAL

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

An approval number shall be assigned to egoh approved, its first two digits
(at present 10) shall indicate the series of amemisnincorporating the most
recent major technical amendments made to the Reégulat the time of issue of
the approval. The same Contracting Party shalassign the same number to the
same vehicle type equipped with another type okibgasystem, or to another
vehicle type.

Notice of approval or of refusal of approvélaovehicle type pursuant to this
Regulation shall be communicated to the PartiethéoAgreement applying this
Regulation by means of a form conforming to the etad Annex 2 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. abolke, drawings supplied by the
applicant being in a format not exceeding A4 (218X mm), or folded to that
format, and on an appropriate scale.

There shall be affixed, conspicuously and neadily accessible place specified
on the approval form, to every vehicle conformigat vehicle type approved
under this Regulation, an international approvalknt@nsisting of:
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4.4.1. a circle surrounding the letter "E" followby the distinguishing number of the
country which has granted approvaladd

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 ingomaph 4.4.1. above.

4.5. However, if a vehicle of categories Br M3 has been approved pursuant to the
provisions of Annex 4, paragraph 1.8. to this Ratiah, the number of the
Regulation shall be followed by the letter M.

4.6. If the vehicle conforms to a vehicle type awed under one or more other
Regulations, annexed to the Agreement, in the cpunthich has granted
approval under this Regulation, the symbol presdrim paragraph 4.4.1. need
not be repeated; in such a case, the Regulationapptbval numbers and the
additional symbols of all the Regulations underackihapproval has been granted
in the country which has granted approval undes R@gulation shall be placed in
vertical columns to the right of the symbol prelsed in paragraph 4.4.1. above.

4.7. The approval mark shall be clearly legible badndelible.
4.8. The approval mark shall be placed close tmnahe vehicle data plate.
4.9. Annex 3 to this Regulation gives examplesradr@ements of approval marks.

3/ 1 for Germany, 2 for France, 3 for lItaly, 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 f8witzerland, 15 (vacant), 16 for Norway,
17 for Finland, 18 for Denmark, 19 for Romania, f@0 Poland, 21 for Portugal, 22 for the
Russian Federation, 23 for Greece, 24 for Irela?6ifor Croatia, 26 for Slovenia, 27 for
Slovakia, 28 for Belarus, 29 for Estonia, 30 (vdiaBl for Bosnia and Herzegovina, 32 for
Latvia, 33 (vacant), 34 for Bulgaria, 35 (vaca®9, for Lithuania, 37 for Turkey, 38 (vacant),
39 for Azerbaijan, 40 for The former Yugoslav Relmibf Macedonia, 41 (vacant), 42 for the
European Community (Approvals are granted by itsnider States using their respective ECE
symbol), 43 for Japan, 44 (vacant), 45 for Ausaradi6 for Ukraine, 47 for South Africa, 48 for
New Zealand, 49 for Cyprus, 50 for Malta, 51 forpRielic of Korea, 52 for Malaysia, 53 for
Thailand, 54 and 55 (vacant) and 56 for Monteneddabsequent numbers shall be assigned to
other countries in the chronological order in whittey ratify or accede to the Agreement
Concerning the Adoption of Uniform Technical Prgsttons for Wheeled Vehicles, Equipment
and Parts which can be Fitted and/or be Used oneWteVehicles and the Conditions for
Reciprocal Recognition of Approvals Granted on Besis of these Prescriptions, and the
numbers thus assigned shall be communicated b$e¢beetary-General of the United Nations to
the Contracting Parties to the Agreement.
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5. SPECIFICATIONS

5.1. General

5.1.1. Braking system

51.1.1. The braking system shall be so designestructed and fitted as to enable the

vehicle in normal use, despite the vibration to alihit may be subjected, to
comply with the provisions of this Regulation.

5.1.1.2. In particular, the braking system shalkbedesigned, constructed and fitted as to
be able to resist the corroding and ageing phenarteewhich it is exposed.

5.1.1.3. Brake linings shall not contain asbestos.
5.1.1.4. The effectiveness of the braking systenwduding the electric control line, shall

not be adversely affected by magnetic or electritalds. This shall be
demonstrated by compliance with Regulation No.0R0series of amendments.

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

5.1.2. Functions of the braking system

The braking system defined in paragraph 2.3. f Regulation shall fulfil the
following functions:

5.1.2.1. Service braking system

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

5.1.2.2. Secondary braking system

The secondary braking system shall make it pasddhalt the vehicle within a
reasonable distance in the event of failure ofsiaerice braking system. It shall
be possible to graduate this braking action. Trineedshall be able to obtain this
braking action from his driving seat while keepiag least one hand on the
steering control. For the purposes of these pimvssit is assumed that not more
than one failure of the service braking systemawgur at one time.
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Parking braking system

The parking braking system shall make it possibléold the vehicle stationary
on an up or down gradient even in the absenceeofitlver, the working parts

being then held in the locked position by a purachanical device. The driver
shall be able to achieve this braking action frasdriving seat, subject, in the
case of a trailer, to the provisions of paragragh210. of this Regulation. The
trailer air brake and the parking braking systenth& towing vehicle may be

operated simultaneously provided that the drivebie to check, at any time, that
the parking brake performance of the vehicle comutom, obtained by the purely
mechanical action of the parking braking systensuigicient.

Connections, for compressed-air brakingesgst between power-driven vehicles
and trailers

The connections of the compressed-airitgakystems between power-driven
vehicles and trailers shall be provided according paragraphs 5.1.3.1.1.,
5.1.3.1.2. 0or 5.1.3.1.3.:

One pneumatic supply line and one pnéarmantrol line;

One pneumatic supply line, one pneunwtitrol line and one electric control
line;

One pneumatic supply line and one etectmtrol line; this option is subject to
footnote 4.

The electric control line of the powerven vehicle shall provide information as
to whether the requirements of paragraph 5.2.1.18a2 be satisfied by the
electric control line, without assistance from fireeumatic control line. It shall
also provide information as to whether it is eqeigpp according to
paragraph 5.1.3.1.2. with two control lines or adowy to paragraph 5.1.3.1.3.
with only an electric control line.

A power-driven vehicle equipped accorditey paragraph 5.1.3.1.3. shall
recognize that the coupling of a trailer equippecbading to paragraph 5.1.3.1.1.
is not compatible. When such vehicles are elatyiconnected via the electric
control line of the towing vehicle, the driver dhiaé warned by the red optical
warning signal specified in paragraph 5.2.1.29.-4d when the system is
energized, the brakes on the towing vehicle stalhltomatically applied. This

4/ Until uniform technical standards have been afjrednich ensure compatibility and safety,
connections between power-driven vehicles ancetsidonforming to paragraph 5.1.3.1.3. shall
not be permitted.
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5.1.3.4.

5.1.3.4.1.

5.1.3.4.2.

5.1.3.4.3.

5.1.3.5.

5.1.3.6.

5.1.3.6.1.

brake application shall provide at least the piibedr parking braking
performance required by paragraph 2.3.1. of Annexthis Regulation.

In the case of a power-driven vehicle goed with two control lines as defined
in paragraph 5.1.3.1.2., when electrically conredie a trailer which is also
equipped with two control lines, the following preens shall be fulfilled:

both signals shall be present at theplowy head and the trailer shall use the
electric control signal unless this signal is degneehave failed. In this case the
trailer shall automatically switch to the pneumaitrol line;

each vehicle shall conform to the relévarovisions of Annex 10 to this
Regulation for both electric and pneumatic coriiras; and

when the electric control signal haseeded the equivalent of 100 kPa for more
than 1 second, the trailer shall verify that a pnatic signal is present; should no
pneumatic signal be present, the driver shall beedhfrom the trailer by the
separate yellow warning signal specified in parplgra.2.1.29.2. below.

A trailer may be equipped as defined irmagaph 5.1.3.1.3., provided that it can
only be operated in conjunction with a power-driveghicle with an electric
control line which satisfies the requirements afagaaph 5.2.1.18.2. In any other
case, the trailer, when electrically connected|l shaomatically apply the brakes
or remain braked. The driver shall be warned lgy shparate yellow warning
signal specified in paragraph 5.2.1.29.2.

The electric control line shall conform$® 11992-1 and 11992-2:2003 and be a
point-to-point type using the seven pin connectocoading to I1ISO 7638-1
or 7638-2:1997. The data contacts of the 1SO 7&@&hector shall be used to
transfer information exclusively for braking (inding ABS) and running gear
(steering, tyres and suspension) functions as pedan 1SO 11992-2:2003. The
braking functions have priority and shall be mamed in the normal and failed
modes. The transmission of running gear infornmasball not delay braking
functions. The power supply, provided by the IS&3& connector, shall be used
exclusively for braking and running gear functiomsd that required for the
transfer of trailer related information not tranted via the electric control line.
However, in all cases the provisions of paragra@i?5l8. of this Regulation
shall apply. The power supply for all other funat shall use other measures.

The functional compatibility of towingdtowed vehicles equipped with electric
control lines as defined above shall be assess#tkdime of type approval by
checking that the relevant provisions of 1SO 1192003 parts 1 and 2 are
fulfilled. Annex 17 of this Regulation provides arample of tests that may be
used to perform this assessment.
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When a power-driven vehicle is equippdth an electric control line and
electrically connected to a trailer equipped with @lectric control line, a
continuous failure (> 40 ms) within the electricntol line shall be detected in
the power-driven vehicle and shall be signalledthe driver by the yellow
warning signal specified in paragraph 5.2.1.29,1v#hen such vehicles are
connected via the electric control line.

If the operation of the parking brakingteyn on the power-driven vehicle also
operates a braking system on the trailer, as peunity paragraph 5.1.2.3., then
the following additional requirements shall be met:

When the power-driven vehicle is equipaecording to paragraph 5.1.3.1.1., the
actuation of the parking brake system of the podveren vehicle shall actuate a
braking system on the trailer via the pneumaticrbtine.

When the power-driven vehicle is equibgecording to paragraph 5.1.3.1.2., the
actuation of the parking brake system on the palien vehicle shall actuate a
braking system on the trailer as prescribed ingragzh 5.1.3.7.1. In addition, the
actuation of the parking brake system may alsoateta braking system on the
trailer via the electric control line.

When the power-driven vehicle is equippecording to paragraph 5.1.3.1.3. or,
if it satisfies the requirements of paragraph 51B2. without assistance from the
pneumatic control line, paragraph 5.1.3.1.2., ttteation of the parking braking
system on the power-driven vehicle shall actualbeaking system on the trailer
via the electric control line. When the electrieakrgy for the braking equipment
of the power-driven vehicle is switched off, theaking of the trailer shall be
effected by evacuation of the supply line (in aiddit the pneumatic control line
may remain pressurized); the supply line may oeimain evacuated until the
electrical energy for the braking equipment of thewer-driven vehicle is
restored and simultaneously the braking of thdetraiia the electric control line
is restored.

Shut-off devices which are not automdiicattuated shall not be permitted. In

the case of articulated vehicle combinations, keilfle hoses and cables shall be
a part of the power-driven vehicle. In all otherses, the flexible hoses and
cables shall be a part of the trailer.
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5.1.4.1.

5.1.4.2.

5.1.4.2.1.

5.1.4.2.2.

5.1.4.2.3.

5.1.4.2.4.

5.1.4.2.5.

5.1.4.3.

5.1.4.4.

5.1.4.5.

5.1.45.1.

Provisions for the periodic technical ingjmecof braking systems

It shall be possible to assess the weaditon of the components of the service
brake that are subject to wear e.qg. friction lisirgnd 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 5.2.1.11.2 and 5.2.2.8.thisfRegulation.

For the purpose of determining the in-besking forces of each axle of the
vehicle, with a compressed-air braking systempesssure test connections are
required:

In each independent circuit of the brgldystem, at the closest readily accessible
position to the brake cylinder which is the leastdurably placed as far as the
response time described in Annex 6 is concerned.

In a braking system which incorporatgsessure modulation device as referred
to in paragraph 7.2. of Annex 10, located in thespure line upstream and
downstream of this device at the closest accesgibstion. If this device is
pneumatically controlled an additional test conioects required to simulate the
laden condition. Where no such device is fittedingle pressure test connection,
equivalent to the downstream connector mentioneavegbshall be provided.
These test connections shall be so located as teabi#y accessible from the
ground or within the vehicle.

At the closest readily accessible pmsito the least favourably placed energy
storage device within the meaning of paragraphd.Annex 7, section A.

In each independent circuit of the brgksystem so it is possible to check the
input and output pressure of the complete transomgse.

The pressure test connections shall kompith clause 4 of ISO
Standard 3583:1984.

The accessibility of required pressuré ¢esnections shall not be obstructed by
modifications and assembly of accessories or thecleebody.

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

Data for braking systems:
The data of the compressed-air brakystes for the functional and efficiency

test shall be specified at the vehicle in a visipssition in indelible form, or
made freely available in another way (e.g. handbet@ctronic data record).
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5.1.4.5.2. For vehicles equipped with compressetiraking systems at least the following
data are required:
Pneumatic characteristic data:
Compressor/unloader valVe Max. cut-out pressure | Min. cut-in pressure
T kPa T kPa
Four-circuit protection valve Static closing pragst ............cevvvevevvevevennnnnns kPa
Trailer control valve or relay’ Corresponding delivery pressure for a control press
emergency valve, as appropriate | of 150 kPa = .............cccccviiiiiiiiiiicene kPa
Minimum design pressure in the
service braking system for
calculation® @
Axle(s)
Brake cylinder typé&” / / /
Service / Parking
Maximum Stroke™ Smax= .veeveeveereernnn. mm
Lever length™ = ......ccovoovieiiieeeeee mm

Notes @ Not applicable for trailers;
@ When different from minimum cut-in pressure;
®  Only applicable for trailers;
@ Not applicable for vehicles with electronic comiébraking systems.

5.1.4.6. Reference braking forces

5.1.4.6.1. Reference braking forces shall be ddfifm vehicles with compressed air
operated brakes using a roller brake tester.

5.1.4.6.2. Reference braking forces are to be hitted for a brake actuator pressure range
from 100 kPa to the pressure generated under Tygen@itions for each axle.
The applicant for type approval shall nominate nexiee-braking forces for a
brake activator pressure range from 100 kPa. THeteshall be made available,
by the vehicle manufacturer, according to paragéaft4.5.1. above.

5.1.4.6.3. The reference braking forces shall daded such that the vehicle is capable of
generating a braking rate equivalent to that defineAnnex 4 of this Regulation
for the relevant vehicle (50 per cent in the calseeticles of category M Ms,
N2, N3, O; and Q except semi-trailers, 45 per cent in the caseeofidrailers),
whenever the measured roller braking force, fohemde irrespective of load, is
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5.1.4.7.

5.1.4.7.1.

5.1.5.

5.2.
5.2.1.

5.2.1.1.

5.2.1.2.

5.2.1.2.1.

not less than the reference braking force for amiwake actuator pressure within
the declared operating pressure range. 5

It shall be possible to verify, in a simplay, 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 tlegification means chosen by
the manufacturer (e.g. warning signal) shall befidentially outlined.

Alternatively, this protection requirement is flifd when a secondary means of
checking the correct operational status is avaslabl

The requirements of Annex 18 shall be adpte the safety aspects of all
complex electronic vehicle control systems whicbvide or form part of the
control transmission of the braking function inaddthose which utilize the
braking system(s) for automatically commanded lorgikir selective braking.

However, systems or functions, which use the Igaldystem as the means of
achieving a higher level objective, are subjecAtmex 18 only insofar as they
have a direct effect on the braking system. Ifhssgstems are provided, they
shall not be deactivated during type approvalrngsbf the braking system.

Characteristics of braking systems

Vehicles of categories,MM3 and N

The set of braking systems with which &iale is equipped shall satisfy the
requirements laid down for service, secondary a#lipg braking systems.

The systems providing service, secondadyparking braking may have common
components so long as they fulfil the following ddions:

there shall be at least two controlsiependent of each other and readily
accessible to the driver from his normal drivingition.

For all categories of vehicles, except ¥hd M, every brake control (excluding
an endurance braking system control) shall be dediguch that it returns to the
fully off position when released. This requiremshall not apply to a parking

5/ For the purpose of periodic technical inspectitie minimum limit braking rate values
defined for the whole vehicle may need adjustmenetlect national or international in-service
requirements.
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brake control (or that part of a combined contvatien it is mechanically locked
in an applied position;

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

if the service braking system and treoisdary braking system have the same
control, the effectiveness of the linkage betweeat control and the different
components of the transmission systems shall ndtab& to diminish after a
certain period of use;

if the service braking system and treoisédary braking system have the same
control, the parking braking system shall be saghesl that it can be actuated
when the vehicle is in motion. This requiremeralshot apply if the vehicle's
service braking system can be actuated, even lbartiy means of an auxiliary
control;

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

in the event of breakage of any compbod#rer than the brakes (as defined in
paragraph 2.6. of this Regulation) or the companemeferred to in
paragraph 5.2.1.2.8. below, or of any other failoréhe service braking system
(malfunction, partial or total exhaustion of an eyereserve), the secondary
braking system or that part of the service bralgggfem which is not affected by
the failure, shall be able to bring the vehiclatbalt in the conditions prescribed
for secondary braking;

in particular, where the secondary Imglslystem and the service braking system
have a common control and a common transmission:

If service braking is ensured by ttioa of the driver's muscular energy assisted
by one or more energy reserves, secondary brakiify é1 the event of failure of
that assistance, be capable of being ensured bydrker's muscular energy
assisted by the energy reserves, if any, whichuaedfected by the failure, the
force applied to the control not exceeding the gnibed maxima;

If the service braking force and traission depend exclusively on the use,
controlled by the driver, of an energy reserve,rahshall be at least two
completely independent energy reserves, each mdwdth its own transmission
likewise independent; each of them may act on tlaé&ds of only two or more
wheels so selected as to be capable of ensurinthdmselves the prescribed
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degree of secondary braking without endangering stiadility of the vehicle
during braking; in addition, each of the aforesaidergy reserves shall be
equipped with a warning device as defined in paalgr5.2.1.13. below. In each
service braking circuit in at least one of the raservoirs a device for draining
and exhausting is required in an adequate and/easiessible position;

5.2.1.2.7.3.  If the service braking force and traission depend exclusively on the use of an
energy reserve, one energy reserve for the trassmis 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 5.2.1.6. are met.

5.2.1.2.8. certain parts, such as the pedal arukdsing, the master cylinder and its piston
or pistons (hydraulic systems), the control valgdfaulic and/or pneumatic
systems), the linkage between the pedal and théemeglinder or the control
valve, the brake cylinders and their pistons (hyticaand/or pneumatic systems),
and the lever-and-cam assemblies of brakes, sbalb@ regarded as liable to
breakage if they are amply dimensioned, are reaibessible for maintenance,
and exhibit safety features at least equal to thpyescribed for other essential
components (such as the steering linkage) of thdcke Any such part as
aforesaid whose failure would make it impossiblebtake the vehicle with a
degree of effectiveness at least equal to thatcpbesi for secondary braking
shall be made of metal or of a material with egl@mt characteristics and shall
not undergo notable distortion in normal operatbthe braking systems.

5.2.1.3. Where there are separate controls for swice braking system and the
secondary braking system, simultaneous actuatioimeftwo controls shall not
render both the service braking system and the nslecy braking system
inoperative, either when both braking systems mamgoiod working order or when
one of them is faulty.

5.2.1.4. The service braking system shall, whetbiernot it is combined with the
secondary braking system, be such that in the evkfdilure in a part of its
transmission a sufficient number of wheels ard btiiked by actuation of the
service brake control; these wheels shall be sectsl that the residual
performance of the service braking system satisfiegequirements laid down in
paragraph 2.4. of Annex 4 to this Regulation.

5.2.1.4.1. However, the foregoing provisions simait apply to tractor vehicles for semi-
trailers when the transmission of the semi-tralesérvice braking system is
independent of that of the tractor vehicle's sertiaking system;

5.2.1.4.2. The failure of a part of a hydrauliongmission system shall be signalled to the
driver by a device comprising a red warning signak specified in
paragraph 5.2.1.29.1.1. Alternatively, the liggtiap of this device when the
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fluid in the reservoir is below a certain level sffied by the manufacturer shall
be permitted.

Where use is made of energy other thamitigcular 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 destmstituting that source is
driven shall be as safe as practicable.

In the event of failure in any partloé transmission of a braking system, the feed
to the part not affected by the failure shall coné to be ensured if required for
the purpose of halting the vehicle with the degreeffectiveness prescribed for
residual and/or secondary braking. This condittrall be met by means of
devices which can be easily actuated when the el stationary, or by
automatic means.

Furthermore, storage devices locatechetmweuit of this device shall 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 présctiin paragraph 1.2. of
Annex 7 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 systemthwtored energy, these provisions can
be considered to be met provided that the requinésnef paragraph 1.2.2. of
Part C of Annex 7 to this Regulation, are satisfied

The requirements of paragraphs 5.2.1.2.18. and 5.2.1.5. of this Regulation
shall be met without the use of any automatic dew a kind such that its
ineffectiveness might pass unnoticed through tle¢ fat parts normally in a
position of rest come into action only in the eveftfailure in the braking system.

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

In the case of vehicles with more thvam @xles, in order to avoid wheel-locking
or glazing of the brake linings, the brake forcecentain axles may be reduced to
zero automatically when carrying a much reduced,lpaovided that the vehicle
meets all the performance requirements prescribéthinex 4 to this Regulation.

In the case of;Nategory vehicles with electric regenerative bigksystems of
category B, the braking input from other sourcesbking, 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 puit of the electrical regenerative braking
system (e.g. as a result of changes in the alestaie of charge in the traction
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5.2.1.9.

5.2.1.10.

batteries) are automatically compensated by apjatepvariation in the phasing
relationship as long as the requiremeritsf@ne of the following annexes to this
Regulation are satisfied:

Annex 4, paragraph 1.3.2., or
Annex 13, paragraph 5.3. (including the case whth electric motor engaged),
and

wherever necessary, to ensure th&inigraate_6 remains related to the driver's
braking demand, having regard to the available/ttiyael adhesion, braking shall
automatically be caused to act on all wheels oWv#tecle.

The action of the service braking system shall isgiduted between the wheels
of one and the same axle symmetrically in relatorthe longitudinal median

plane of the vehicle. Compensation and functionshsas anti-lock, which may
cause deviations from this symmetrical distributisimall be declared.

Compensation by the electric controhdmaission for deterioration or defect
within the braking system shall be indicated to dineer by means of the yellow
warning signal specified in paragraph 5.2.1.29.1TRis requirement shall apply
for all conditions of loading when compensationeeds the following limits:

a difference in transverse brakingsuees on any axle of:
(@) 25 per cent of the higher value for vehicleaderations> 2 m/$,
(b) a value corresponding to 25 per cent at Z fiafsdecelerations below this
rate.

an individual compensating value onaatie of:
(@) > 50 per cent of the nominal value for vehitdeelerations 2 m/$,
(b) a value corresponding to 50 per cent of theinal value at 2 mfsfor
decelerations below this rate.

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

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

The service, secondary and parking bgagystems shall act on braking surfaces
connected to the wheels through components of adetrength.

6/  The Authority, which is to grant approval, shadive the right to check the service braking
system by additional vehicle test procedures.
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Where braking torque for a particular axle or axke provided by both a friction
braking system and an electrical regenerative hgaldystem of category B,
disconnection of the latter source is permittedyjuling that the friction braking
source remains permanently connected and able deider the compensation
referred to in paragraph 5.2.1.7.2.1.

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

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

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

Wear of the brakes shall be capable iobbeasily taken up by means of a system
of manual or automatic adjustment. In additior ¢lontrol and the components
of the transmission and of the brakes shall posaessserve 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 adjustmemdpeiecessary.

Wear adjustment shall be automatidHerservice brakes. However, the fitting
of automatic brake adjustment devices is optioral dff-road vehicles of
categories Bland Ny and for the rear brakes of vehicles of category Brakes
equipped with automatic brake adjustment devica#l,sdfter heating followed by
cooling, be capable of free running as defined amagraph 1.5.4. of Annex 4
following the Type-I test also defined in that axnne

Checking the wear of the service bfakgon components

It shall be possible to easily assieisswear on service brake linings from the
outside or underside of the vehicle, without thmaeal of the wheels, by the
provision of appropriate inspection holes or by samther 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 drivinggition when lining replacement
iS necessary, is acceptable. The yellow warningnadi specified in
paragraph 5.2.1.29.1.2. below may be used.
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5.2.1.11.2.2. Assessment of the wear conditiomefftiction surfaces of brake discs or drums
may only be performed by direct measurement of abhtial component or
examination of any brake disc or drum wear indicgtevhich may necessitate
some level of disassembly. Therefore, at the tihg/pe approval, the vehicle
manufacturer shall define the following:

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

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

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

5.2.1.12. In hydraulic-transmission braking systethe filling ports of the fluid reservoirs
shall be readily accessible; in addition, the ré@elps containing the reserve fluid
shall be so designed and constructed that the lafvéte reserve fluid can be
easily checked without the receptacles having toopened. If this latter
condition is not fulfiled, the red warning signalspecified in
paragraph 5.2.1.29.1.1. shall draw the driversnéitin to any fall in the level of
reserve fluid liable to cause a failure of the Imgksystem. The type of fluid to
be used in the hydraulic transmission braking systehall be identified by the
symbol in accordance with figure 1 or 2 of Stand&0 9128:1987. The symbol
shall be affixed in a visible position in indelifierm within 200 mm of the filling
ports of the fluid reservoirs; additional inform@ti may be provided by the
manufacturer.

5.2.1.13. Warning device

5.2.1.13.1.  Any vehicle fitted with a service bra&uated from an energy reservoir shall,
where the prescribed secondary braking performaszsenot be obtained by
means of this braking system without the use ofstoeed energy, be provided
with a warning device, in addition to a pressuregga where fitted, giving an
optical or acoustic signal when the stored endrggny part of the system, falls
to a value at which without re-charging of the ree& and irrespective of the
load conditions of the vehicle, it is possible fiply the service brake control a
fifth time after four full-stroke actuations andtalm the prescribed secondary
braking performance (without faults in the servimake transmission and with
the brakes adjusted as closely as possible). Waiaing device shall be directly
and permanently connected to the circuit. Whenehgine is running under
normal operating conditions and there are no famltse braking system, as is the
case in approval tests for this type, the warniegak shall give no signal except
during the time required for charging the energgereoir(s) after start-up of the
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engine. The red warning signal specified in paapr5.2.1.29.1.1. shall be used
as the optical warning signal.

However, in the case of vehicles tlate only considered to comply with the
requirements of paragraph 5.2.1.5.1. of this Reguiaby virtue of meeting the
requirements of paragraph 1.2.2. of Part C of Anieto this Regulation, the
warning device shall consist of an acoustic signalddition to an optical signal.
These devices need not operate simultaneouslyidethat each of them meet
the above requirements and the acoustic signattisctuated before the optical
signal. The red warning signal specified in paapfr5.2.1.29.1.1. shall be used
as the optical warning signal.

This acoustic device may be renderegerative while the handbrake is applied
and/or, at the choice of the manufacturer, in thgecof automatic transmission
the selector is in the "Park" position.

Without prejudice to the requirementspafagraph 5.1.2.3. of this Regulation,
where an auxiliary source of energy is essentightofunctioning of a braking
system, the reserve of energy shall be such assire that, if the engine stops or
in the event of a failure of the means by which énergy source is driven, the
braking performance remains adequate to bring theicle to a halt in the
prescribed conditions. In addition, if the muscwdéort applied by the driver to
the parking braking system is reinforced by a seteuwice, the actuation of the
parking braking system shall be ensured in the tevéra failure of the servo
device, if necessary by using a reserve of enardggendent of that normally
supplying the servo device. This reserve of enengy be that intended for the
service braking system.

In the case of a power-driven vehiclevihich the coupling of a trailer equipped
with a brake controlled by the driver of the towimghicle is authorized, the
service braking system of the towing vehicle shallequipped with a device so
designed that in the event of failure of the tr&l&raking system, or in the event
of an interruption in the air supply pipe (or ofcBuother type of connection as
may be adopted) between the towing vehicle andra#er, it shall still be
possible to brake the towing vehicle with the eff@mess prescribed for
secondary braking; it is accordingly prescribedpanticular, that this device shall
be situated on the towing vehicle.

The pneumatic/hydraulic auxiliary equipiehall be supplied with energy in
such a way that during its operation, the presdribeceleration values can be
reached and that even in the event of damage teotlmee of energy the operation
of the auxiliary equipment cannot cause the resewke energy feeding the
braking systems to fall below the level indicategaragraph 5.2.1.13. above.
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5.2.1.17.

5.2.1.18.

5.2.1.18.1.

5.2.1.18.2.

5.2.1.18.3.

5.2.1.18.4.

5.2.1.18.4.1.

5.2.1.18.4.2.

5.2.1.18.5.

5.2.1.19.

If the trailer is of categorys@r Ou, the service braking system shall be of the
continuous or semi-continuous type.

In the case of a vehicle authorized @ #otrailer of category ©or Qy, its
braking systems shall satisfy the following coratis:

when the towing vehicle's secondarkibgasystem comes into action, there shall
also be a graduated braking action in the trailer;

in the event of failure of the towinghicle's service braking system, where that
system consists of at least two independent pitspart or parts not affected by
the failure shall be capable of partially or fulgtuating the brakes of the trailer.
It shall be possible to graduate this braking actidf this operation is achieved
by a valve which is normally at rest, then suchalve may only be incorporated
if its correct functioning can easily be checkedthy driver, either from within
the cab or from outside the vehicle, without the oftools;

in the event of a failure (e.g. breakagleak) in one of the pneumatic connecting
lines, interruption or defect in the electric catline, it shall nevertheless be
possible for the driver, fully or partially, to aette the brakes of the trailer by
means either of the service braking control omhef $econdary braking control or
of the parking braking control, unless the failargomatically causes the trailer
to be braked with the performance prescribed iagmph 3.3. of Annex 4 to this
Regulation.

the automatic braking in paragraphl5l8.3. above shall be considered to be
met when the following conditions are fulfilled:

when the designated brake control thése controls mentioned in
paragraph 5.2.1.18.3. above, is fully actuatedptiessure in the supply line shall
fall to 150 kPa within the following two seconds; addition, when the brake
control is released, the supply line shall be espurized.

when the supply line is evacuatethatrate of at least 100 kPa per second the
automatic braking of the trailer shall start to i@gte before the pressure in the
supply line falls to 200 kPa.

in the event of a failure in one of dwntrol lines connecting two vehicles

equipped according to paragraph 5.1.3.1.2., théraloline not affected by the
failure shall automatically ensure the braking perfance prescribed for the
trailer in paragraph 3.1. of Annex 4.

In the case of a power-driven vehicleigapd to draw a trailer with an electrical
braking system, according to paragraph 1.1. of Anb# to this Regulation, the
following requirements shall be met:
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5.2.1.19.1.  the power supply (generator and battdrthe power-driven vehicle shall have a
sufficient capacity to provide the current for dactrical braking system. With
the engine running at the idling speed recommeiyeitie manufacturer and all
electrical devices supplied by the manufacturers@asdard equipment of the
vehicle switched on, the voltage in the electricads shall at maximum current
consumption of the electrical braking system (15n&} fall below the value
of 9.6 V measured at the connection. The eledtlicas shall not be capable of
short circuiting even when overloaded,

5.2.1.19.2. in the event of a failure in the towirghicle's service braking system, where that
system consists of at least two independent pigspart or parts not affected by
the failure should be capable of partially or fullgtuating the brakes of the
trailer;

5.2.1.19.3.  the use of the stop-lamp switch andutirfor actuating the electrical braking
system is permissible only if the actuating linec@nected in parallel with the
stop-lamp and the existing stop-lamp switch anduiirare capable of taking the
extra load.

5.2.1.20. In the case of a pneumatic service bgakigstem comprising two or more
independent sections, any leakage between thoBerseat or downstream of the
control shall be continuously vented to atmosphere.

5.2.1.21. In the case of a power-driven vehicléatzed to tow a trailer of categorieg O
or O4, the service braking system of the trailer mayyohk operated in
conjunction with the service, secondary or parkingking system of the towing
vehicle. However, automatic application of thdlérabrakes alone is permitted
where the operation of the trailer brakes is itethautomatically by the towing
vehicle for the sole purpose of vehicle stabilizati

5.2.1.22. Power-driven vehicles of categories M3, N, and N with not more than four
axles shall be equipped with anti-lock systemsatégory 1 in accordance with
Annex 13 to this Regulation.

5.2.1.23. With the exception of vehicles of Catggdi, power-driven vehicles authorized
to tow a trailer equipped with an anti-lock systehall also be equipped with a
special electrical connector, conforming to I1ISO 86897 7, for the electric
control line transmission and/or the anti-lock eys$ of trailers.

5.2.1.24. Additional requirements for vehicles ategories M, N; and category N< 5
tonnes equipped with an electric regenerative bgpkystem of category A:

7l The ISO 7638:1997 connector may be used for ®pifpin applications, as appropriate.
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5.2.1.24.1.

5.2.1.24.2.

5.2.1.24.3.

5.2.1.25.

5.2.1.25.1.

5.2.1.25.2.

5.2.1.25.3.

5.2.1.25.4.

5.2.1.25.5.

5.2.1.25.6.

5.2.1.25.7.

The electric regenerative braking sty be actuated by the accelerator control
and/or the gear selector neutral position for Mekiof category N

In addition, for vehicles of categorigls and N (<5 tonnes), the electric
regenerative braking control can be a separatelswitlever.

The requirements of paragraphs 5.28..25d 5.2.1.25.7. also apply to Category
A regenerative braking systems.

Additional requirements for vehicles dcit€hories M, Ni, and N < 5 tonnes
fitted with an electric regenerative braking systansategory B:

It shall not be possible to disconnpattially or totally, one part of the service
braking system other than by automatic means. ditasild not be construed as a
departure from the requirements of paragraph 3.@.1.

The service braking system shall hawye @ne control device.

For vehicles fitted with electric regmative braking systems of both categories,
all the relevant prescriptions shall apply excegragraph 5.2.1.24.1.

In this case, the electric regenerative braking & actuated by the accelerator
control and/or the gear selector neutral posit@rvehicles of category N

Additionally, the action on the service brakingtrol shall not reduce the above
braking effect generated by the release of acdelecantrol.

The service braking system shall ncadeersely affected by the disengagement
of the motor(s) or by the gear ratio used.

If the operation of the electric comgranof braking is ensured by a relation
established between the information coming fromcietrol of the service brake
and the braking force at the respective wheelgjlaré of this relation leading to
the modification of the braking distribution amotige axles (Annex 10 or 13,
whichever is applicable) shall be signalled to thiver by an optical warning
signal at the latest at the moment when the coigrattuated and this signal shall
remain lit as long as this defect exists and thatviehicle control switch (key) is
in the "ON" position.

The operation of the electric regemnardiraking shall not be adversely affected
by magnetic or electric fields.

For vehicles equipped with an anti-ldekice, the anti-lock device shall control
the electric regenerative braking system of eitiadegory.
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Special additional requirements for thectec transmission of the parking
braking system

In the case of a failure within thectrie transmission, any unintended actuation
of the parking braking system shall be prevented.

The following requirements shall bdilfet in the event of an electrical failure
as specified:

Vehicles of categories, M3, N, and N:

In the case of an electrical failure in the contmoa break in the wiring within the
electric control transmission external to the etmut control unit(s), excluding
the energy supply, it shall remain possible to wppe parking braking system
from the driver's seat and thereby be capable ddifg the laden vehicle
stationary on an 8 per cent up or down gradientterAatively, in this case, an
automatic actuation of the parking brake is allowdskn the vehicle is stationary,
provided that the above performance is achieved ance applied, the parking
brake remains engaged independently of the stdttisedgnition (start) switch.
In this alternative, the parking brake shall beoendtically released as soon as the
driver starts to set the vehicle in motion agdinshall also be possible to release
the parking braking system, if necessary by theais®ols and/or an auxiliary
device carried/fitted on the vehicle.

Vehicles of category:N

In the case of an electrical failure in the conhtmoa break in the wiring within the
electric control transmission between the contrml the ECU directly connected
with it, excluding the energy supply, it shall remaossible 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 igrad Alternatively, in this
case, an automatic actuation of the parking bralalowed when the vehicle is
stationary, provided that the above performan@eigeved and, once applied, the
parking brake remains engaged independently oftakeis of the ignition (start)
switch. In this alternative, the parking brakelsba automatically released as
soon as the driver starts to set the vehicle inanaagain. The engine/manual
transmission or the automatic transmission (pasditipm) may be used to achieve
or assist in achieving the above performance.

A break in the wiring within the dlactransmission, or an electric failure in the
control of the parking braking system shall be allgd to the driver by the
yellow warning signal specified in paragraph 52911.2. When caused by a
break in the wiring within the electric control isamission of the parking braking
system, this yellow warning signal shall be sigedilas soon as the break occurs.
In addition, such an electric failure in the cohttobreak in the wiring external to
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the electronic control unit(s) and excluding thergy supply shall be signalled to
the driver by flashing the red warning signal spediin paragraph 5.2.1.29.1.1.
as long as the ignition (start) switch is in then™drun) position including a
period of not less than 10 seconds thereafter aedcbntrol is in the "on"
(activated) position. Where actuation of the pagkbrake is normally indicated
by a separate red warning signal, satisfying &l thquirements of 5.2.1.29.3.,
this signal shall be used to satisfy the aboveirement for a red signal.

5.2.1.26.3.  Auxiliary equipment may be suppliedhwenergy from the electric transmission
of the parking braking system provided that thepbupf energy is sufficient to
allow the actuation of the parking braking systemaiddition to the vehicle
electrical load under non-fault conditions. In #&idd, where the energy reserve
is also used by the service braking system, theuirements of
paragraph 5.2.1.27.7. shall apply.

5.2.1.26.4.  After the ignition/start switch whicbntrols 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.

5.2.1.27. Special additional requirements for senbraking systems with electric control
transmission

5.2.1.27.1.  With the parking brake released, theis® braking system shall be able to
generate a static total braking force at least\edgit to that required by the
prescribed Type-0 test, even when the ignition/staitch has been switched off
and/or the key has been removed. In the casevedpdriven vehicles authorized
to tow trailers of category £or Oy, such vehicles shall provide a full control
signal for the service braking system of the trailé should be understood that
sufficient energy is available in the energy traission of the service braking
system.

5.2.1.27.2. In the case of a single temporary failix 40 ms) within the electric control
transmission, excluding its energy supply, (e.gn-transmitted signal or data
error) there shall be no distinguishable effecthenservice braking performance.

5.2.1.27.3. A failure within the electric contrahmsmission_8 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 5.2.1.29.1.1. and 5.21.29. respectively, as
appropriate. When the prescribed service brakemfopmance can no longer be

8/ Until uniform test procedures have been agrebd, manufacturer shall provide the
Technical Service with an analysis of potentialuf@s within the control transmission and their
effects. This information shall be subject to dsgion and agreement between the Technical
Service and the vehicle manufacturer.
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achieved (red warning signal), failures resultingnf a loss of electrical
continuity (e.g. breakage, disconnection) shakiigealled to the driver as soon as
they occur, and the prescribed residual brakingopmance shall be fulfilled by
operating the service braking control in accordamdgeh paragraph 2.4. of
Annex 4 to this Regulation. These requirementdl i@t be construed as a
departure from the requirements concerning secgrigtaking.

A power-driven vehicle, electricallynoected to a trailer via an electric control
line, shall provide a clear warning to the drivétemever the trailer provides the
failure information that the stored energy in aaytf the service braking system
on the trailer falls below the warning level, agafied in paragraph 5.2.2.16.
below. A similar warning shall also be provided emha continuous failure
(> 40 ms) within the electric control transmissioh the trailer, excluding its
energy reserve, precludes achievement of the pbescrservice braking
performance of the trailer, as specified in parnahra.2.2.15.2.1. below. The red
warning signal specified in paragraph 5.2.1.29.2nall be used for this purpose.

In the event of a failure of the enesgurce of the electric control transmission,
starting from the nominal value of the energy letleé full control range of the
service braking system shall be guaranteed aftentiyvconsecutive full stroke
actuations of the service braking control. Durihg test, the braking control
shall be fully applied for 20 seconds and reledee® seconds on each actuation.
It should be understood that during the above sesficient energy is available in
the energy transmission to ensure full actuatiorthef service braking system.
This requirement shall not be construed as a degaftom the requirements of
Annex 7.

When the battery voltage falls belowalue nominated 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 or reslta&ing performance, the red
warning signal specified in paragraph 5.2.1.29.8Hkll be activated. After the
warning signal has been activated, it shall beiptesto apply the service braking
control and obtain at least the residual perforregmescribed in paragraph 2.4.
of Annex 4 to this Regulation. It should be untiesd that sufficient energy is
available in the energy transmission of the servizeking system. This
requirement shall not be construed as a departtoe fthe requirement
concerning secondary braking.

If auxiliary equipment is supplied wigmergy from the same reserve as the
electric control transmission, it shall be ensutet, 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 dezraltion values by either provision
of an energy supply which is able to prevent disghaof this reserve when all
auxiliary equipment is functioning or by automaligawitching off pre-selected
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5.2.1.27.8.

5.2.1.27.8.1.

5.2.1.27.8.2.

5.2.1.27.9.

5.2.1.27.10.

5.2.1.28.
5.2.1.28.1.

5.2.1.28.2.

parts of the auxiliary equipment at a voltage abibnecritical level referred to in
paragraph 5.2.1.27.6. of this Regulation suchfinéier discharge of this reserve
is prevented. Compliance may be demonstrated loylleéion or by a practical
test. For vehicles authorized to tow a trailercafegory @ or O, the energy
consumption of the trailer shall be taken into artdoy a load of 400 W. This
paragraph does not apply to vehicles where thecpbes! deceleration values can
be reached without the use of electrical energy.

If the auxiliary equipment is suppliedth energy from the electric control
transmission, the following requirements shall Wélfed.

In the event of a failure in the ggesource, whilst the vehicle is in motion, the
energy in the reservoir shall be sufficient to ateéuthe brakes when the control is
applied.

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

In the case of a failure in the eleatontrol transmission of the service braking
system of a towing vehicle equipped with an electontrol line according to
paragraph 5.1.3.1.2. or 5.1.3.1.3., the full acdmabf the brakes of the trailer
shall remain ensured.

In the case of a failure in the electontrol transmission of a trailer, electrically
connected via an electric control line only, acaogdto paragraph 5.1.3.1.3.,
braking of the trailer shall be ensured accordm@aragraph 5.2.1.18.4.1. This
shall be the case whenever the trailer provides'sbpply line braking request”
signal via the data communication part of the eleciontrol line or in the event
of the continuous absence of this data communicatibhis paragraph shall not
apply to power-driven vehicles which cannot be ape with trailers connected
via an electric control line only, as describegh@amagraph 5.1.3.5.

Special requirements for coupling foreetol
Coupling force control shall only berpited in the towing vehicle.

The action of the coupling force cargill be to reduce the difference between
the dynamic braking rates of towing and towed velic The operation of the
coupling force control shall be checked at the tohépe approval. The method
by which this check is carried out shall be agrdsxtween the vehicle
manufacturer and the technical service with thehowbf assessment and results
being appended to the type approval report
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The coupling force control may conthe braking rate $/Py and/or the brake
demand value(s) for the trailer. In the case wiwang vehicle equipped with two
control lines according to paragraph 5.1.3.1.2vabboth signals shall be subject
to similar control adjustments.

The coupling force control shall moevent the maximum possible braking
pressure(s) from being applied.

The vehicle shall fulfil the laden catbpility requirements of Annex 10, but to
achieve the objectives of paragraph 5.2.1.28.2véhécle may deviate from these
requirements when the coupling force control ieperation.

A coupling force control failure shiafl detected and indicated to the driver by a
yellow warning signal such as that specified inagaaph 5.2.1.29.1.2. In the
event of a failure the relevant requirements of é&nth0 shall be fulfilled.

Compensation by the coupling force robrstystem shall be indicated by means
of the yellow warning signal specified in paragrapt.1.29.1.2. if this
compensation exceeds 150 kPa away from the nordérabnd value defined in
paragraph 2.28.3. up to a limit, in,pof 650 kPa (or the equivalent digital
demand). Above the level of 650 kPa the warningllsbe given if the
compensation causes the operating point to lieidmitdhe laden compatibility
band as specified in Annex 10 for the motor vehicle
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A coupling force control system shalhtcol only the coupling forces generated
by the service braking system of the motor vehae the trailer. Coupling
forces resulting from the performance of enduramedking systems shall not be
compensated by the service braking system of eitteemotor vehicle or trailer.
It is considered that endurance braking systemsaireart of the service braking
systems.

The general requirements for optical warsignals whose function is to indicate
to the driver certain specified failures (or deggatithin the braking equipment of
the power-driven vehicle or, where appropriate, titgler, are set out in the
following sub-paragraphs. Other than as describbecparagraph 5.2.1.29.6.
below, these signals shall be used exclusivelyerpurposes prescribed by this
Regulation.

Power-driven vehicles shall be capaiblgroviding optical brake failure and
defect warning signals, as follows:

a red warning signal, indicating Uik, defined elsewhere in this Regulation,
within the vehicle braking equipment which precludehievement of the
prescribed service braking performance and/or wpigtlude the functioning of
at least one of two independent service brakinguis;

where applicable, a yellow warningnal indicating an electrically detected
defect within the vehicle braking equipment, whishnot indicated by the red
warning signal described in paragraph 5.2.1.29&abdve.

With the exception of vehicles of catggN;, power-driven vehicles equipped
with an electric control line and/or authorizedttov a trailer equipped with an
electric control transmission and/or anti-lock bnaksystem, shall be capable of
providing a separate yellow warning signal to iadéca defect within the anti-
lock braking system and/or electric control trarssian of the braking equipment
of the trailer. The signal shall be activated fribra trailer via pin 5 of the electric
connector conforming to 1SO 7638:1997ad in all cases the signal transmitted
by the trailer shall be displayed without significalelay or modification by the
towing vehicle. This warning signal shall not lighp when coupled to a trailer
without an electric control line and/or electricntml transmission and/or anti-
lock braking system or when no trailer is coupledhis function shall be
automatic.

In the case of a power-driven velredeipped with an electric control line, when
electrically connected to a trailer with an electriontrol line, the red warning
signal specified in paragraph 5.2.1.29.1.1. abdal @lso be used to indicate

9/ The ISO 7638:1997 connector may be used for ®pihpin applications, as appropriate.
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5.2.1.29.3.

5.2.1.29.4.

5.2.1.29.4.1.

5.2.1.29.4.2.

5.2.1.29.4.3.

5.2.1.29.5.

5.2.1.29.6.

5.2.1.29.6.1.

5.2.1.29.6.2.

certain specified failures within the braking equgnt of the trailer, whenever the
trailer provides corresponding failure informatigia the data communication
part of the electric control line. This indicatishall be in addition to the yellow
warning signal specified in paragraph 5.2.1.2%®va. Alternatively, instead of
utilizing the red warning signal specified in paiaggh 5.2.1.29.1.1. and the
accompanying yellow warning signal above, a sepaet warning signal may be
provided in the towing vehicle to indicate such alure within the braking
equipment of the trailer.

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

Except where stated otherwise:

a specified failure or defect shadl d¢ignalled to the driver by the above-
mentioned warning signal(s) not later than on d@inaof the relevant braking
control;

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

the warning signal shall be condtaott flashing).

The warning signal(s) mentioned abokall slight up when the electrical
equipment of the vehicle (and the braking systen®nergized. With the vehicle
stationary, the braking system shall verify thabh@mf the specified failures or
defects are present before extinguishing the ssgn8pecified failures or defects
which should activate the warning signals mentioabdve, but which are not
detected under static conditions, shall be stopzhuwetection and be displayed
at start-up and at all times when the ignition r¢¢tawitch is in the "on" (run)
position, as long as the failure or defect persists

Non-specified failures (or defects),otier information concerning the brakes
and/or running gear of the power-driven vehicleyrba indicated by the yellow
signal specified in paragraph 5.2.1.29.1.2. abpvevided that all the following
conditions are fulfilled:

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

following the procedures detailed in paragraph 1528.5. above, no specified
failures (or defects) have been identified; and
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5.2.1.30.

5.2.1.30.1.

5.2.1.30.2.

5.2.1.30.2.1.

5.2.1.30.3.

5.2.1.30.4.

5.2.1.30.5.

5.2.1.30.6.

5.2.1.31.

5.2.1.31.1.
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non-specified faults or other infotiorashall be indicated only by the flashing of
the warning signal. However, the warning signallishe extinguished by the
time when the vehicle first exceeds 10 km/h.

Generation of a braking signal to illuatenstop lamps

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

Signal generation applicable to endigdmmaking systems

It is permitted to generate a sigmaionjunction with operation of an endurance
braking system except when the retardation is prediuby the engine braking
alone.

Activation of the service braking systey "automatically commanded braking"
shall generate the signal mentioned above. Howexteen the retardation
generated is less than 0.7 Mnike signal may be suppressed. 10

Activation of part of the service braksystem by "selective braking" shall not
generate the signal mentioned abové. 11

In the case of vehicles equipped witlkelactric control line the signal shall be
generated by the motor vehicle when a messageniitlate stop lamps” is
received via the electric control line from thelea 12

Electric regenerative braking systemisch produce a retarding force upon
release of the throttle pedal, shall not generatgraal mentioned above.

When a vehicle is equipped with the me@anéndicate emergency braking,
activation and de-activation of the emergency lmgksignal shall meet the
specifications below:

The signal shall be activated by the applicationhef service braking system as
follows:

10 At the time of type approval, compliance withstiequirement shall be confirmed by the
vehicle manufacturer.

11/ During a "selective braking" event, the functimay change to "automatically commanded

braking".

12/ This requirement shall not apply until the Stadd#SO 11992 has been amended to
include a message "illuminate stop lamps".
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Shall not be activated below

N1

6 m/$

M, M3, N and Ny

4 m/<

The signal shall be de-activated for all vehiceghe latest when the deceleration

has fallen below 2.5 nfis

5.2.1.31.2.  The following conditions may also bedis

(@) The signal may be activated by the applicatbbrthe 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 4, a deceleration as follows:

Shall not be activated below

N1

6 m/s

My, M3, Np and N

4 m/<

The signal shall be de-activated for all vehicethe latest when the

deceleration has fallen below 2.5 fo/s

(b) The signal may be activated when the serviagibg system is applied at
a speed above 50 km/h and the antilock systenilysdycling (as defined
in paragraph 2. of Annex 13).

The signal shall be deactivated when the antifystem is no longer fully

cycling.
5.2.2. Vehicles of category O
5.2.2.1. Trailers of category need not be equipped with a service braking system

however, if a trailer of this category is equippeith a service braking system, it

shall satisfy the same requirements as a traileatgfgory Q.

5.2.2.2. Trailers of category.@hall be equipped with a service braking systetmeeiof
the continuous or semi-continuous or of the ingigerrun) type. The latter type
shall be permitted only for centre axle trailerglowever, electrical braking
systems conforming to the requirements of Annexalthis Regulation shall be

permitted.

5.2.2.3. Trailers of categoriess@nd Q shall be equipped with a service braking system

of the continuous or semi-continuous type.
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5.2.2.4.2.

5.2.2.4.3.
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The service braking system:
shall act on all the wheels of the Vehic
shall distribute its action appropriat@inong the axles;

shall contain in at least one of the raservoirs a device for draining and
exhausting in an adequate and easily accessibigopos

The action of the service braking systeall e distributed between the wheels
of one and the same axle symmetrically in relatorthe longitudinal median
plane of the vehicle. Compensation and functionshsas anti-lock, which may
cause deviations from this symmetrical distributisimall be declared.

Compensation by the electric controhdraission for deterioration or defect
within the braking system shall be indicated todhiger by means of the separate
yellow optical warning signal specified in paradrdp2.1.29.2. This requirement
shall apply for all conditions of loading when coengation exceeds the
following limits:

a difference in transverse brakingguees on any axle of:
(@) 25 per cent of the higher value for vehiclealerations> 2 m/<,
(b) a value corresponding to 25 per cent at Z fatsdecelerations below this
rate.

an individual compensating value onaatie of:
(@) > 50 per cent of the nominal value for vehiéeelerations 2 m/s,
(b) a value corresponding to 50 per cent of theinal value at 2 mfsfor
decelerations below this rate.

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

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

The braking surfaces required to attaémpitescribed degree of effectiveness shall
be in constant connection with the wheels, eitigidly or through components
not liable to failure.

Wear of the brakes shall be capable afgbeasily taken up by means of a system
of manual or automatic adjustment. In additior ¢lontrol and the components
of the transmission and of the brakes shall posaessserve of travel and, if
necessary, suitable means of compensation suchwhan the brakes become
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5.2.2.8.1.

5.2.2.8.1.1.

5.2.2.8.1.2.

5.2.2.8.2.

5.2.2.8.2.1.

5.2.2.8.2.2.

heated, or the brake linings have reached a cedegree of wear, effective
braking is ensured without immediate adjustmendpeiecessary.

Wear adjustment shall be automaticHerdervice brakes. However, the fitting
of automatic adjustment devices is optional forielels of categories £and Q.
Brakes equipped with automatic brake adjustmenicdevshall, after heating
followed by cooling, be capable of free runningda¢ined in paragraph 1.7.3. of
Annex 4 following the Type-l or Type-lll test alstefined in that annex as
appropriate.

In the case of trailers of category e performance requirements of
paragraph 5.2.2.8.1. above shall be deemed to tisfiexh by fulfilling the
requirements of paragraph 1.7.3. of Annex 4.

In the case of trailers of categoflesand Q the performance requirements of
paragraph 5.2.2.8.1. above shall be deemed to tisfiexh by fulfilling the

requirements of paragraph 1.7.3/ 88 Annex 4.
Checking the wear of the service braikéidn components

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

Alternatively, a trailer mounted display providingformation when lining
replacement is necessary or a sensing device peelwtwin wheels are
considered as a single wheel), which will warn dneer at his driving position
when lining replacement is necessary, is acceptablee yellow warning signal
specified in paragraph 5.2.1.29.2. above may bel yz®vided that signal
complies with the requirements of paragraph 5.2.6.2above.

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

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

13 Until uniform technical provisions have been &gtehat correctly assess the function of
the automatic brake adjustment device, the freamingnrequirement shall be deemed to be
fulfilled when free running is observed duringladbke tests prescribed for the relevant trailer.
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(b) Information defining the maximum acceptableawdémit at the point at
which replacement becomes necessary.

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

The braking systems shall be such thatrttier is stopped automatically if the
coupling separates while the trailer is in motioHowever, this provision shall
not apply to trailers with a maximum mass not edoeg 1.5 tonnes, on the
condition that the trailers are equipped with, ddidion to the coupling device, a
secondary coupling (chain, wire rope, etc.) capahl¢he event of separation of
the main coupling, of preventing the drawbar froouching the ground and
providing some residual steering action on thdetrai

On every trailer which is required todogiipped with a service braking system,
parking braking shall be assured even when thdetr& separated from the
towing vehicle. The parking braking device shaldapable of being actuated by
a person standing on the ground; however, in tilse cd a trailer used for the
carriage of passengers, this brake shall be camdlideing actuated from inside
the trailer.

If the trailer is fitted with a device afaing compressed-air actuation of the
braking system other than the parking braking syste be cut out, the first-
mentioned system shall be so designed and coretrutiat it is positively
restored to the position of rest not later thanresumption of the supply of
compressed-air to the trailer.

Trailers of categoriess@Gnd Q shall satisfy the conditions specified in
paragraph 5.2.1.18.4.2. An easily accessible preggest connection is required
downstream of the coupling head of the control.line

In the case of trailers equipped withedectric control line and electrically
connected to a towing vehicle with an electric ocoinine the automatic braking
action specified in paragraph 5.2.1.18.4.2. maysbppressed as long as the
pressure in the compressed air reservoirs of Hikettris sufficient to ensure the
braking performance specified in paragraph 3.Rrofex 4 to this Regulation.

Trailers of categorysQGhall be equipped with an anti-lock braking system
accordance with the requirements of annex 13 te Regulation. Trailers of
category Q shall be equipped with an anti-lock braking systemaccordance
with the category A requirements of Annex 13 ta tRegulation.

Where the auxiliary equipment is suppleth energy from the service braking
system, the service braking system shall be predetct ensure that the sum of the
braking forces exerted at the periphery of the Whsleall be at least 80 percent of
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the value prescribed for the relevant trailer andd in paragraph 3.1.2.1. of
Annex 4 to this Regulation. This requirement shallfulfilled under both of the
following operating conditions:

During operation of the auxiliary equipment; and

In the event of breakage or leakage from the muyilequipment, unless such
breakage or leakage affects the control signalrmedeto in paragraph 6. to
Annex 10 to this Regulation, in which case the qanance requirements of that
paragraph shall apply.

5.2.2.14.1. The above provisions are deemed talfideld when the pressure in the service
brake storage device(s) is maintained at a pressua¢ least 80 percent of the
control line demand pressure or equivalent digdeimand as defined in
paragraph 3.1.2.2. of Annex 4 to this Regulation.

5.2.2.15. Special additional requirements for senbraking systems with electric control
transmission

5.2.2.15.1. In the case of a single temporary ffail(x 40 ms) within the electric control
transmission, excluding its energy supply, (e.ga-transmitted signal or data
error) there shall be no distinguishable effectr@nservice braking performance.

5.2.2.15.2. In the case of a failure within thectie control transmission 14e.g. breakage,
disconnection), a braking performance of at le@s{p8&r cent of the prescribed
performance for the service braking system of thkewvant trailer shall be
maintained. For trailers, electrically connectea an electric control line only,
according to paragraph 5.1.3.1.3., and fulfilling2.%.18.4.2. with the
performance prescribed in paragraph 3.3. of Annew 4his Regulation, it is
sufficient that the provisions of paragraph 5.2Z711P. are invoked, when a
braking performance of at least 30 per cent ofpttesscribed performance for the
service braking system of the trailer can no lorlgeensured, by either providing
the "supply line braking request” signal via theadeommunication part of the
electric control line or by the continuous abseoicthis data communication.

14/ Until uniform test procedures have been agreéd, manufacturer shall provide the
Technical Service with an analysis of potentiadluf@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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5.2.2.15.2.1. A failure within the electric contrishnsmission of the trailer that affects the
function and performance of systems addressedigyRibgulation and failures of
energy supply available from the 1ISO 7638:199/7 cdnnector shall be indicated
to the driver by the separate warning signal spetih paragraph 5.2.1.29.2. via
pin 5 of the electrical connector conforming to 13688:1997 15 In addition,
trailers equipped with an electric control line, emhelectrically connected to a
towing vehicle with an electric control line, shphovide the failure information
for activation of the red warning signal specifiagparagraph 5.2.1.29.2.1. via the
data communication part of the electric controéliwhen the prescribed service
braking performance of the trailer can no longeebsured.

5.2.2.16. When the stored energy in any part ofswice braking system of a trailer
equipped with an electric control line and eleettic connected to a towing
vehicle with an electronic control line, falls teetvalue determined in accordance
with paragraph 5.2.2.16.1. below, a warning shalplovided to the driver of the
towing vehicle. The warning shall be provided lyivaation of the red signal
specified in paragraph 5.2.1.29.2.1. and the trasleall provide the failure
information via the data communication part of #lectric control line. The
separate yellow warning signal specified in parplgra.2.1.29.2. shall also be
activated via pin 5 of the electrical connectorfooming to 1ISO 7638:1997 15
to indicate to the driver that the low-energy dituais on the trailer.

5.2.2.16.1. The low energy value referred to inageaph 5.2.2.16. above shall be that at
which, without re-charging of the energy resenamd irrespective of the load
condition of the trailer, it is not possible to &pghe service braking control a
fifth time after four full-stroke actuations andtaim at least 50 per cent of the
prescribed performance of the service braking sysikthe relevant trailer.

5.2.2.17. Trailers equipped with an electric cdntime and Q and Q category trailers
equipped with an anti-lock system, shall be fitted¢h a special electrical
connector for the braking system and/or anti-logkstesm, conforming to
ISO 7638:1997 15164. Failure warning signals required from the &aiby this
Regulation shall be activated via the above commeciThe requirement to be
applied to trailers with respect to the transmissibfailure warning signals shall
be those, as appropriate, which are prescribed rfator vehicles in
paragraphs 5.2.1.29.4., 5.2.1.29.5. and 5.2.1.29.6.

Trailers equipped with an ISO 7638:1997 conneetmrdefined above shall be
marked in indelible form to indicate the functiabhabf the braking system when
the ISO 7638:1997 connector is connected and diemiad. The marking is to

15 The ISO 7638:1997 connector may be used for Dpihpin applications, as appropriate.

16  The wiring specifications of ISO 7638:1997 foethrailer not equipped with an electric
control transmission may be reduced if the tragenstalled with its own independent fuse. The
rating of the fuse shall be such that the curratmg of the conductors is not exceeded.
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be positioned so that it is visible when connectimng pneumatic and electrical
interface connections.

5.2.2.17.1. Trailers that utilize selective brakasgga means to enhance vehicle stability shall
in the event of a failure within the electric cattransmission of the stability
system indicate the failure by the separate yeNeavning signal specified in
paragraph 5.2.1.29.2. above via pin 5 of the ISBB7B97 connector.

Note This requirement shall be kept under reviewirdursubsequent amendments to
Regulation No. 13 pending: (i) an amendment to 8@ 11992:2003 data communication
standard that includes a message to indicate wdaibithin the electric control transmission of
the trailer stability control system; and (ii) veleis equipped to that standard are in general use.

5.2.2.17.2. It is permitted to connect the bralgggtem to a power supply in addition to that
available from the I1SO 7638:1997 connector abovélowever, when an
additional power supply is available the followipigvisions will apply:

(@ In all cases the ISO 7638:1997 power supplyésprimary power source
for the braking system, irrespective of any addaiopower supply that is
connected. The additional supply is intended tuvigle a backup should a
failure of the ISO 7638:1997 power supply occur.

(b) It shall not have an adverse effect on theratjmn of the braking system
under normal and failed modes.

(c) In the event of a failure of the ISO 7638:19%Wwer supply the energy
consumed by the braking system shall not resulhénmaximum available
power from the additional supply being exceeded.

(d) The trailer shall not have any marking or laoeindicate that the trailer is
equipped with an additional power supply.

(e) A failure warning device is not permitted & ttrailer for the purposes of
providing a warning in the event of a failure withthe trailer braking
system when the braking system is powered fronatiugtional supply.

(H When an additional power supply is availatilshall be possible to verify
the operation of the braking system from this posaairce.

(g) Should a failure exist within the electricalpply of energy from the
ISO 7638:1997 connector the requirements of paphgra5.2.2.15.2.1.
and 4.1. of Annex 13 with respect to failure wagngmall apply irrespective
of the operation of the braking system from theitaital power supply.

5.2.2.18. Whenever power supplied by the ISO 7@88/1connector is used for the
functions defined in paragraph 5.1.3.6. above, lhaking system shall have
priority and be protected from an overload extetoathe braking system. This
protection shall be a function of the braking syste

5.2.2.19. In the case of a failure in one of theta® lines connecting two vehicles
equipped according to paragraph 5.1.3.1.2. thietrsiall use the control line not
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affected by the failure to ensure, automaticallge tbraking performance
prescribed for the trailer in paragraph 3.1. of &xd.

5.2.2.20. When the supply voltage to the traildlsf@delow a value nominated by the
manufacturer at which the prescribed service brpkierformance can no longer
be qguaranteed, the separate yellow warning signgecifed in
paragraph 5.2.1.29.2. shall be activated via pimf5the 1SO 7638:1997 17
connector. In addition, trailers equipped with eactrical control line, when
electrically connected to a towing vehicle with alectric control line, shall
provide the failure information for actuation oethed warning signal specified in
paragraph 5.2.1.29.2.1. via the data communicagtian of the electric control
line.

5.2.2.21. In addition to the requirements of paapbs 5.2.1.18.4.2. and 5.2.1.21. above,
the brakes of the trailer may also be applied aataally when this is initiated
by the trailer braking system itself following thealuation of on-board generated

information
5.2.2.22. Activation of the service braking system.
5.2.2.22.1. In the case of trailers equipped with eectric control line the message

"illuminate stop lamps" shall be transmitted by tradler via the electric control
line when the trailer braking system is activatedrily "automatically

commanded braking" initiated by the trailer. Hoeevwhen the retardation
generated is less than 0.7 ffke signal may be suppressed. 1%

5.2.2.22.2. In the case of trailers equipped with eectric control line the message
"illuminate stop lamps" shall not be transmitted thg trailer via the electrical
control line during "selective braking" initiateg the trailer_2021/

17/  The ISO 7638:1997 connector may by used for airbgo 7 pin applications, as
appropriate.

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

19/ This requirement shall not apply until the stadd#50O 11992 has been amended to
include a message "illuminate stop lamps".

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

21/ This requirement shall not apply until the stadd#50O 11992 has been amended to
include a message "illuminate stop lamps"
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7.1.

7.1.1.

7.1.2.

7.2.

7.3.

8.1.

8.2.

8.3.
8.3.1.

8.3.2.

TESTS

Braking tests which the vehicles submitted forrapgl are required to undergo,
and the braking performance required, are descriimedAnnex 4 to this
Regulation.

MODIFICATION OF VEHICLE TYPE OR BRAKING SYSTEM AD
EXTENSION OF APPROVAL

Every modification of the vehicle type or tf braking equipment with regard to
the characteristics in Annex 2 to this Regulatidmalls be notified to the
administrative department which approved the vehigpe. That department
may then either:

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

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

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

The competent authority issuing the extensibapproval shall assign a series
number to each communication form drawn up for saiclextension and inform
thereof the other Contracting Parties to the 193fieAment by means of a
communication form conforming to the model in Anrgto this Regulation.
CONFORMITY OF PRODUCTION

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

In order to verify that the requirements ofggmaph 8.1. above, are met, suitable
controls of the production shall be carried out.

The holder of the approval shall in particular
ensure existence of procedures for the tafeecontrol of the quality of products;

have access to the control equipment negefsachecking the conformity to
each approved type;
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ensure that data of test results are redoathel that annexed documents shall
remain available for a period to be determined troadance with the
Administrative Service;

analyse the results of each type of tesbyrdier to verify and ensure the stability
of the product characteristics making allowance Variation of an industrial
production;

ensure that for each type of product thestes some of them, prescribed in this
Regulation are carried out;

ensure that any samples or test piecesggesidence of non-conformity with the
type of test considered shall give rise to anotfanpling and another test. All
the necessary steps shall be taken to re-estalitish conformity of the
corresponding production.

The competent authority which has granted ggaroval may at any time verify
the conformity control methods applicable to eaaydpction unit.

At every inspection, the test books and pctidn survey records shall be
presented to the visiting inspector.

The inspector may take samples at randonchwhvill be tested in the
manufacturer's laboratory. The minimum numberashgles may be determined
according to the results of the manufacturer's earification.

When the quality level appears unsatisfgctor when it seems necessary to
verify the validity of the tests carried out in &pation of paragraph 8.4.2. above,
the inspector shall select samples to be sentedl @chnical Service which has
conducted the type approval tests.

The competent authority may carry out asypeescribed in this Regulation.

The normal frequency of inspections by tbenpetent authority shall be one
every two years. If unsatisfactory results arerged during one of these visits,
the competent authority shall ensure that all resngssteps are taken to re-
establish the conformity of production as rapidiypassible.

PENALTIES FOR NON-CONFORMITY OF PRODUCTION
The approval granted in respect of a vehighe pursuant to this Regulation may

be withdrawn if the requirements laid down in paagpdp 8.1. above are not
complied with.
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9.2.

10.

11.

12.
12.1.

12.1.1.

12.1.2.

12.1.3.

12.1.4.

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

PRODUCTION DEFINITELY DISCONTINUED

If the holder of the approval completely ceasemtmufacture a type of vehicle
approved in accordance with this Regulation, hdl gminform the authority

which granted the approval. Upon receiving thevaht communication, that
authority shall inform thereof the other ContragtiRarties to the Agreement
applying this Regulation by means a communicatiormf conforming to the

model in Annex 2 to this Regulation.

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

The Parties to the Agreement applying this Regrashall communicate to the
United Nations Secretariat the names and addresfsd®e Technical Services
responsible for conducting approval tests and efabministrative departments
which grant approval and to which forms certifyingproval or extension or
refusal or withdrawal of approval, issued in otbeuntries, are to be sent.

TRANSITIONAL PROVISIONS
_General

As from the official date of entry into éer of Supplement 8 to the 09 series of
amendments, no Contracting Party applying this Reigm shall refuse to grant
ECE approval under this Regulation as amended ppl8ment 8 to the 09 series
of amendments.

Unless otherwise stated, or unless theegbnéquires otherwise, supplements to
the 10 series of amendments shall also apply toigheing and maintenance
of 09 series approvals.

As from the official date of entry into éerof the 10 series of amendments, no
Contracting Party applying this Regulation shafuse to grant approval under
this Regulation as amended by the 10 series of dments

As from the official date of entry into ¢erof Supplement 4 of the 10 series of
amendments, no Contracting Party applying this Retigm shall refuse to grant
approval under this Regulation as amended by Soypie4.
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Contracting Parties applying this Regutasball not refuse to grant extensions
of approval to the Supplement 3 to the 10 seriesamiendments to this
Regulation.

New type approvals

As from 24 months after the official dateentry into force of Supplement 8 to
the 09 series of amendments, Contracting Partip/iag this Regulation shall

grant ECE approvals only if the vehicle type to approved meets the
requirements of this Regulation as amended by $upgt 8 to the 09 series of
amendments.

As from 24 months after the date of entmto iforce of the 10 series of
amendments, Contracting Parties applying this Reigul shall grant approvals
only if the vehicle type to be approved meets gwuirements of this Regulation
as amended by the 10 series of amendments.

Until 48 months after the date of entrpifdrce of the 10 series of amendments
to this Regulation, no Contracting Party applyifgs tRegulation shall refuse
national type approval of a vehicle type approvedthe preceding series of
amendments to this Regulation.

Until 48 months after the date of entrpifdrce of the 10 series of amendments
to this Regulation, Contracting Parties applying fRegulation shall continue to
grant ECE approvals to Supplement 3 to the 10sasfeamendments to this
Regulation.

Limit of validity of old type approvals

Starting 48 months after the entry intaéoof the 10 series of amendments to
this Regulation, Contracting Parties applying tRiegulation may refuse first
national registration (first entry into service)aWehicle which does not meet the
requirements of the 10 series of amendments td=tbigilation

New Contracting Parties

Notwithstanding the transitional provisioabBove, Contracting Parties whose
application of this Regulation comes into forceeathe date of entry into force of
the most recent series of amendments are not dbl@accept approvals which
were granted in accordance with any of the pregedaries of amendments to
this Regulation.
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Annex 1

BRAKING EQUIPMENT, DEVICES, METHODS AND CONDITIONS
NOT COVERED BY THIS REGULATION

1. Method of measuring reaction ("response") tinmredrakes other than compressed-air
brakes.
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Annex 2
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 type of vehicle with regard to braking purduanRegulation No. 13.

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

1. Trade name or mark of the VEhICIe: ....... o eveiiiiiiiiiiii e
2. AV /=] a1 1od (SR o= L (=T o o VPSSP PPTPTRR
3 V4] 41103 [0 oL PP PPPTRR
4 Manufacturer's name and address :©..........oieo i
5 If applicable, name and address of manufacturepresentative:

6. Mass of vehicle:

6.1. Maximum mass Of VENICIE: ... e
6.2. MiInNIMUM Mass Of VENICIE: ...........uuii e
7. Distribution of mass of each axle (maximum VEIUE.............cccooiiiiiiiiiiiiiin e

8. Make and type of brake liNINGS: ........coi oo
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8.1. Brake linings tested to all relevant presaift of ANNeX 4 ..........ovviiiiiiiiiiiiiiiiinnnnn.
8.2. Alternative brake linings tested in ANNEX 15........cooiiiiiiiiiiiii e
9. In the case of a power-driven vehicle:
9.1. g To LTSI 1Y L= TR P TP UUPPPPPPPPTIN
9.2. NUumber and ratioS Of QEAIS: ..... .. i e
9.3. FINAL driVe FALIO(S): .. et ee e e e e
9.4. If applicable, Pmaximum mass of trailer which may be coupled:
9.4.1. T ]| V][ o UPPU
9.4.2. SEMI-ETAIBT: ... e e
9.4.3. Centre-axle trailer

(indicate also the maximum ratio of the couplingidhang Bto the wheelbase)............
9.4.4. UNDBraked trailer: ........oooiiiiiiiii e
9.4.5. Maximum mass Of COMDINALION: ..........cooie e
10. TYIE AIMENSIONS: ...ttt e ettt e e e e et e et e e e e eennn e e eeee s
10.1. Temporary-use spare wheel/tyre dimenSioNS:...........uuueiiiieeiiiiiiiiiii e
11. Number and arrangement Of AXIES: ... e eeeeeeeeiiiiia e
12. Brief description of braking @qUIPMENT: .. oo oo eiiiiiiiiie e
13.

Mass of vehicle when tested: Unladen [kd] Laderj [kg

King pin/supporting load/4

Axle No. 1

Axle No. 2

Axle No. 3

Axle No. 4

Total
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14. Results of the tests and vehicle charactesistic
TEST RESULTS Test Measured | Measured force
speed | performance applied to
[km/h] control [daN]
14.1.  Type-0 tests, service braking
engine secondary braking
disconnected
14.2. Type-0 tests, service braking in
engine accordance with
connected: paragraph 2.1.1. of
Annex 4
14.3. Type-I| tests: with repeated
braking 3
with continuous
braking 6
Free running, in
accordance with
Annex 4,
paragraph 1.5.4/5
and Annex 4,
paragraph 1.7.3/7
14.4. Type-ll or 1A 2 | service braking
tests, as
appropriate:
14.5. Type-lll tests/7 | Free running, in
accordance with
Annex 4,
paragraph 1.7.3.
14.6. Braking system(s) used during the Type-II/AIAESt: ........ccoeiiveiiiiiieieiie e,
14.7. Reaction time and dimensions of flexible pipe
14.7.1. Reaction time at the brake aCtUator:. ceeee .. oiieeeeiiiiiiiie e S
14.7.2. Reaction time at the control line coupl@@d: ..............cccoooiiiii i S
14.7.3. Flexible pipes of tractors for semi-trasler
=T o 11 0 1 (2 1) PR
internal diameter (IMIM) .. ..ot e e e e e e e e e e e e et e e e aneeesaaaaeeeens
14.8. Information required under paragraph 7.3Amiex 10 to this Regulation: Yes/No¢ 2
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14.9.
14.10.

14.10.1.

14.10.2.
14.10.3.

14.10.4.

14.11.

14.11.1.

14.11.2.

14.11.3.

14.12.

14.13.

15.

15.1.
15.1.1.
15.1.2.

15.1.3.

Vehicle is/is not/Z2quipped to tow a trailer with electrical brakisygstems
Vehicle is/is not/Z2quipped with an anti-lock system

Category of anti-lock system:  category3dl/2 2/ 5/
category A/lB  _26/

The vehicle fulfils the requirements oingér 13: Yes / No/2
Vehicle is/is not/ 2quipped to tow trailers equipped with anti-leglstems

Where an Annex 19 anti-lock test repos Ie@en utilized, the test report number(s)
shall be stated:

The vehicle is subject to the requiremehsnmex 5 (ADR): Yes/ NoR2

The vehicle fulfils the endurance brakdegformance requirements according to the
Type-lIA test up to a total maximum mass of .anrtes: Yes / No/2

The power-driven vehicle is fitted witlcantrol device for the endurance braking
system on the trailer: Yes / No¢ 2

In the case of trailers, the vehicle igigoged with an endurance braking system:
Yes/ No 2

Vehicle is equipped with a control line(s§@rding to:
paragraphs 5.1.3.1.1./5.1.3.1.2./5.1.3.1/3. 2

Adequate documentation according to Annex 18 wppl&d in respect of the
TOlOWING SYSTEMI(S): ..ttt e e e e

...................................................................................... Yes / NNdt applicable 2

Additional information for use with the Annex0 2alternative type approval
procedure.

Description Of SUSPENSION: ...........ccmmmmmeeeeiiieee et e ee e e e e e e e e

Y = TR0 ] r=Tex 0 =] T
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15.1.4. 1770 T L
15.2. Wheelbase of Vehicle teSted: ...
15.3. Actuation differential (if any) within DOgI€:...........cooiiiiiiiii e
16. Trailer approved utilizing Annex 20 procedure: Yes/ No 2

(If yes, Appendix 2 to this annex shall be comguit

17. Vehicle submitted for approval ON........cocoociiiii s
18. Technical Service responsible for conductingrayal tests.............ocooviiiiiiiieiee e,
19. Date of reportissued Dy that SEIVICE ...........uuiii i
20. Number of report issued by that SEIVICE..........c.ueiiiiiiiii e
21. Approval granted/refused/extended/withdrawn 2

22. Position of approval mark on the VENICIe .ccccee.. oo
23. PLACE ..
24, DAL .. ————— e e
25. SIONATUIE ... et ettt e ettt e e e e ettt e e et e eeean e e e eenene
26. The summary referred to in paragraph 4.3. of Begulation is annexed to this

communication.

*/ At the request of (an) applicant(s) for Regulatido. 90 approval, the information shall
be provided by the Type Approval Authority as camta in Appendix 1 to this annex.
However, this information shall not be provided faurposes other than Regulation No. 90
approvals.

v Distinguishing number of the country which hasrged/extended/refused/withdrawn
approval (see approval provisions in the Regulation

2/ Strike out what does not apply.

3/ "Coupling overhang" is the horizontal distancewsen the coupling for centre-axle
trailers and the centreline of the rear axle(s).

4/ In the case of a semi-trailer or centre axlddraenter the mass corresponding to the load
on the coupling device.

5/ Applies only to vehicles of categories é&nd Q.

6/ Applies only to power-driven vehicles.

7/ Applies only to vehicles of category.O
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Annex 2 - Appendix 1
LIST OF VEHICLE DATA FOR THE PURPOSE OF REGULATIONo. 90 APPROVALS

1. Description of the VENICIE tYPE .........oi e
1.1. Trade name or mark of the vehicle, if ava#abl..................coovvviiiiiiiiiiiiiiiiieeeeen,
1.2. AV =] g1 Tod Lo oF= 1= To (o] V2RSSR
1.3. Vehicle type according to Regulation No. 1Brapal ................cccceviiiiiinieiiiiininnnn.
1.4. Models or trade names of vehicles constitutivegvehicle type, if available .................
15,  Manufacturers name and addreSs ........o......oo..ooocoooorrrooroooooeeoeeeroesoees
2. Make and type of brake linings
2.1. Brake linings tested to all relevant presaifg of ANNeX 4...........cceviieiiiiiiiiiiiinnnnn.
2.2. Brake linings tested t0 ANNEX 15 ...
3. Minimum Mass Of VENICIE .........ooeuiii e eeeeens
3.1 Distribution of mass of each axle (maximumuedl...............c.cccccoiiiiiiiiiiieeeiiiiceeen,
4 Maximum Mass Of VENICIE ............uiiiiiceeeee i
4.1 Distribution of mass of each axle (maximumuedl.................cc.cooviiiiiiiiiiieeeeiiiceeen,
5. Maximum VENICIE SPEEA........coeve e
6. Tyre and Wheel diMENSIONS ............c.oi et e et e e e e e eens
7 Brake circuit configuration (e.g. front/reardiagonal split).............ccccooiiiieiiinieenes
8 Declaration of which is the secondary braKinSt&m ..............cooeeviiiiiiiiiin e s
9 Specifications of brake valves (if applicable).............ccooooiiiiiiii
9.1. Adjustment specifications of the load SeNSIAIYE ...............ccoeviiiiiiiiiiiieeiiiiiiinn
9.2. Setting Of PrEeSSUIE VAIVE........ .o ettt ettt e e
10. Designed brake force distribution ..o
11. SPECIfiCAtioN Of DIAKE..........coiiiiiit i e e e e e eeeeeeees
11.1. Disc brake type (e.g. number of pistons witmeter(s), ventilated or solid disc).........
11.2. Drum brake type (e.g. duo servo, with pigiae and drum dimensions) ......................
11.3. In the case of compressed air brake systemstype and size of chambers, levers,
2] (o PP PPPPPPPPPPPN

12. Master cylinder type and SIZE ...........ocemmenieeeiiiie e et e e e e e e e e e
13. BOOSLEr tYPE @NA SIZE.... . cieii et e
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Annex 2 - Appendix 2

TYPE APPROVAL CERTIFICATE CONCERNING THE
VEHICLE BRAKING EQUIPMENT

General

The following additional items are to be recordelden the trailer has been approved
utilizing the alternative procedure defined in Arr&® to this Regulation.

Annex 19 test reports

Diaphragm brake chambers: Report Na...........
Spring Brakes: Report No. ..............
Trailer brake cold performance

characteristics: Report No. ..............
Anti-lock braking system: Report No.............

Performance checks

The trailer fulfils the requirements of Anngxparagraphs 3.1.2. and 1.2.7.
(service braking cold performance) Yes /Mo 2

The trailer fulfils the requirements of Annéxparagraph 3.2.
(parking braking cold performance) Yes /Mo 2

The trailer fulfils the requirements of Annéxparagraph 3.3.
(emergency/automatic braking performance) Yée 2

The trailer fulfils the requirements of AnnEX, paragraph 6. (braking
performance in the case a failure in the brakistridution system) Yes / Nd 2

The trailer fulfils the requirements of paggn 5.2.2.14.1. to this Regulation
(braking performance in the event of leakage feamiliary equipment) Yes /Nd/ 2

The trailer fulfils the requirements of AnnEX (anti-lock braking) Yes / No/2

2/ Strike out what does not apply
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Annex 3
ARRANGEMENTS OF APPROVAL MARKS
Model A

(See paragraph 4.4. of this Regulation)

N

* {E11)=" 13R-102439 7«

le

a =8 mm min.

The above approval mark affixed to a vehicle shtived the vehicle type concerned has, with
regard to braking, been approved in the United Hamg (E 11) pursuant to Regulation No. 13
under approval number 102439. This number indicateat the approval was given in
accordance with the requirements of Regulation N®.with the 10 series of amendments
incorporated. For vehicles of categories &hd M;, this mark means that that type of vehicle
has undergone the Type-II test.

Model B

(See paragraph 4.5. of this Regulation)

=0 13RM - 102439 7 =

a =8 mm min.

The above approval mark affixed to a vehicle shived the vehicle type concerned has, with
regard to braking, been approved in the United Hamg (E 11) pursuant to Regulation No. 13.
For vehicles of categories Mind M, this mark means that the type of vehicle has gofe the
Type-lIA test.
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Model C

(See paragraph 4.6. of this Regulation)

13 | 102439 |}« =
24 13 | 021628 | Lo | o2

a = 8mm min.

The above approval mark affixed to a vehicle shivet the vehicle type concerned has been
approved in the United Kingdom (E 11) pursuant égiations Nos. 13 and 24 1(In the case
of the latter Regulation the corrected absorptioefficient is 1.30 rif.)

Y This number is given merely as an example.
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Annex 4

BRAKING TESTS AND PERFORMANCE OF BRAKING SYSTEMS

1. BRAKING TESTS
1.1. General
1.1.1. The performance prescribed for braking systes based on the stopping distance

and/or the mean fully developed deceleration. Pphdgormance of a braking
system shall be determined by measuring the stgpgistance in relation to the
initial speed of the vehicle and/or by measuring tmean fully developed
deceleration during the test.

1.1.2. The stopping distance shall be the distaswmesred by the vehicle from the
moment when the driver begins to actuate the cbafrthe braking system until
the moment when the vehicle stops; the initial dpgleall 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 cetthefprescribed speed for the test
in question.

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

2 2
Vb ~Ve [ 2]

dm= m/s

©25.92(s.-3,)

where:
Vo = initial vehicle speed in km/h,
Vp = 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 \ in metres.

The speed and the distance shall be determined usstrumentation having an
accuracy of _t per cent at the prescribed speed for the teste riean fully

developed deceleration may be determined by othethods than the
measurement of speed and distance; in this casegdturacy of the mean fully
developed deceleration shall be withi8 per cent.

1.2. For the approval of any vehicle, the brakiregfgrmance shall be measured
during road tests conducted in the following candi:



1.2.1.

1.2.2.

1.2.3.

1.2.4.

1.2.5.

1.2.6.

1.2.7.

1.2.8.

1.2.9.
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the vehicle's condition as regards mass Bbals prescribed for each type of test
and be specified in the test report;

the test shall be carried out at the speeeiscribed for each type of test; if the
maximum design speed of a vehicle is lower thansthed prescribed for a test,
the test shall be performed at the vehicle's maxirspeed,

during the tests, the force applied to tetrol of the braking system in order to
obtain the prescribed performance shall not extieednaximum force laid down
for the test vehicle's category;

the road shall have a surface affording gaftesion, unless specified otherwise
in the relevant annexes;

the tests shall be performed when there iwind liable to affect the results;

at the start of the tests, the tyres shaltddd and at the pressure prescribed for
the load actually borne by the wheels when theclels stationary;

the prescribed performance shall be obtain#dout locking of the wheels,
without deviation of the vehicle from its coursenda without abnormal
vibration. ¥

For vehicles powered completely or partidjy an electric motor (or motors),
permanently connected to the wheels, all testsl sfelcarried out with the
motor(s) connected.

For vehicles as described in paragraph .1.@tt@d with an electric regenerative
braking system of category A, behaviour tests @efim paragraph 1.4.3.1. of this
annex shall be carried out on a track with a lowesibn coefficient (as defined in
paragraph 5.2.2. of Annex 13).

Moreover, for vehicles fitted with an diec regenerative braking system of
category A, transient conditions as gear changeacoelerator control release
shall not affect the behaviour of the vehicle untist condition described in
paragraph 1.2.9.

During the tests specified in paragrapBs9land 1.2.9.1., wheel locking is not
allowed. However, steering correction is permitifethe angular rotation of the
steering control is within 120° during the initakeconds and not more than 240°
in total.

Y  Wheel-locking is permitted where specifically rtiened.
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1.2.11. For a vehicle with electrically actuatedve® brakes powered from traction
batteries (or an auxiliary battery) which receiye@nergy only from an
independent external charging system, these bedteshall, during braking
performance testing, be at an average of not niane 5 per cent above that state
of charge at which the brake failure warning priésat in paragraph 5.2.1.27i6
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.

1.3. Behaviour of the vehicle during braking

1.3.1. In braking tests, and in particular in thaséigh speed, the general behaviour of
the vehicle during braking shall be checked.

1.3.2. Behaviour of the vehicle during braking oroad on which adhesion is reduced.
The behaviour of vehicles of categories, M3, N1, Np, N3, O,, O; and Q on a
road on which adhesion is reduced, shall meet #bevant requirements of
Annex 10 and/or Annex 13 to this Regulation.

1.3.2.1. In the case of a braking system accordingparagraph 5.2.1.7.2., where the
braking for a particular axle (or axles) is compdsof more than one source of
braking torque, and any individual source can bgedawith respect to the
other(s), the vehicle shall satisfy the requirersarftAnnex 10, or alternatively,
Annex 13 under all relationships permitted by dstcol strategy. 2

1.4. Type-0 test (ordinary performance test witdikies cold)
1.4.1. General
1.4.1.1. The brakes shall be cold; a brake is ddetmebe cold when the temperature

measured on the disc or on the outside of the dsuralow 100 °C.
1.4.1.2. The test shall be conducted in the folhgadonditions:

1.4.1.2.1. The vehicle shall be laden, the distidlouof its mass among the axles being that
stated by the manufacturer; where provision is nfadeeveral arrangements of
the load on the axles the distribution of the maximmass among the axles shall
be such that the load on each axle is proportitmahe maximum permissible

2/  The manufacturer shall provide the Technical Berwith the family of braking curves
permitted by the automatic control strategy employelhese curves may be verified by the
Technical Service.
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load for each axle. In the case of tractors foniserailers, the load may be re-
positioned approximately half-way between the kingposition resulting from
the above loading conditions and the centrelinhefrear axle(s);

Every test shall be repeated on thedenlaehicle. In the case of a power-driven
vehicle there may be, in addition to the drivesegond person on the front seat
who is responsible for noting the results of trst;te

In the case of a tractor for a semi-trailer, théaden tests will be conducted with
the vehicle in its solo condition, including a maspresenting the fifth wheel. It
will also include a mass representing a spare wheghis is included in the
standard specification of the vehicle;

In the case of a vehicle presented as a bareistads a supplementary load may
be added to simulate the mass of the body, noteeieg the minimum mass
declared by the manufacturer in Annex 2 to thisuRatgpn;

In the case of a vehicle equipped with an eleca@generative braking system, the
requirements depend on the category of this system:

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

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

This requirement is deemed to be satisfied if bad¢teries are at one of the

following state of charge conditions where statelwirge Bis determined by the

method set out in Appendix 1 to this annex:

(a) at the maximum charge level as recommendeth&ymanufacturer in the
vehicle specification, or

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

(c) at the maximum level which results from auttim&harge control on the
vehicle.

The limits prescribed for minimum penfi@nce, both for tests with the vehicle
unladen and for tests with the vehicle laden, shalthose laid down hereunder
for each category of vehicles; the vehicle shalisBa both the prescribed

3/ By agreement with the Technical Service, statehaifrge assessment will not be required
for vehicles, which have an on-board energy sofwceharging the traction batteries and the
means for regulating their state of charge.
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1.4.1.2.4.

1.4.2.

1.4.3.

1.4.3.1.

1.4.3.2.

1.4.4.

1.4.4.1.

1.4.4.2.

stopping distance and the prescribed mean fullyeldged deceleration for the
relevant vehicle category, but it may not be nemss# actually measure both
parameters.

The road shall be level.
Type-0 test with engine disconnected

The test shall be carried out at the speed ptestiior the category to which the
vehicle belongs, the figures prescribed in this nemtion being subject to a
certain margin of tolerance. The minimum perforoerprescribed for each
category shall be attained.

Type-0 test with engine connected

Tests shall also be carried out at vargmeeds, the lowest being equal to 30 per
cent of the maximum speed of the vehicle and thjbdst being equal to 80 per
cent of that speed. In the case of vehicles eguippith a speed limiter, this
limiter speed shall be taken as the maximum spééteovehicle. The maximum
practical performance figures shall be measuredtlaadehaviour of the vehicle
shall be recorded in the test report. Tractorséomni-trailers, artificially loaded to
simulate the effects of a laden semi-trailer shatlbe tested beyond 80 km/h.

Further tests shall be carried out wite &ngine connected, from the speed
prescribed for the category to which the vehicldobgs. The minimum
performance prescribed for each category shallttanad. Tractive units for
semi-trailers, artificially loaded to simulate tbiects of a laden semi-trailer shall
not be tested beyond 80 km/h.

Type-O0 test for vehicles of category O, ppad with compressed-air brakes.

The braking performance of the trailer bancalculated either from the braking
rate of the towing vehicle plus the trailer and theasured thrust on the coupling
or, in certain cases, from the braking rate of ttheing vehicle plus the trailer
with only the trailer being braked. The enginetleé towing vehicle shall be
disconnected during the braking test.

In the case where only the trailer is braked,aketaccount of the extra mass
being retarded, the performance will be taken tothmee mean fully developed
deceleration.

With the exception of cases accordingamgraphs 1.4.4.3. and 1.4.4.4. of this
annex, it is necessary for the determination of iheking rate of the trailer to
measure the braking rate of the towing vehicle phestrailer and the thrust on
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the coupling. The towing vehicle has to meet thguirements laid down in
Annex 10 to this Regulation with regard to the tielasship between the ratio
Twm/Puw and the pressure,p The braking rate of the trailer is calculatedading
to the following formula:

D
ZR=Zr+m t—
Pr
where:
Zr = braking rate of the trailer
Zz+m = braking rate of the towing vehicle plus thelegi
D = thrust on the coupling,
(tractive force: +D),
(compressive force: -D)
Pr = total normal static reaction between road serfanod wheels of

trailer (Annex 10).

If a trailer has a continuous or semi-gwus braking system where the pressure
in the brake actuators does not change during tgattespite the dynamic axle
load shifting and in the case of semi-trailersttiader alone may be braked. The
braking rate of the trailer is calculated accordmghe following formula:

+
Zr = (zr+m - R)-M +R
R

where:
R = rolling resistance value = 0.01
Pu = total normal static reaction between road seréaed wheels of towing
vehicles for trailers (Annex 10)

Alternatively, the evaluation of the brakirate of the trailer may be done by

braking the trailer alone. In this case the pressised shall be the same as that
measured in the brake actuators during the bradfitige combination.

Type-I tes{fade test)
With repeated braking
The service braking systems of all powereth vehicles shall be tested by

successively applying and releasing the brakesmabeu of times, the vehicle
being laden, in the conditions shown in the taleleoWw:
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Category of Conditions
vehicles vy [km/h] v, [km/h] At [sec] n
M5 80 per cent Max 1/2 » 55 15
<100
N1 80 per cent Max 1/2 w» 55 15
<120
M3, Np, N3 80 per cent Max 1/2 » 60 20
<60
where:
vi = initial speed, at beginning of braking
Vo = speed at end of braking
Vinax = maximum speed of vehicle
n = number of brake applications
At = duration of a braking cycle: time elapsingvibetn the initiation
of one brake application and the initiation of text.
1.5.1.2. If the characteristics of the vehicle mitkienpossible to abide by the duration

prescribed foAt, the duration may be increased; in any evengddition to the
time necessary for braking and accelerating theclesha period of 10 seconds
shall be allowed in each cycle for stabilizing #peed v.

1.5.1.3. In these tests, the force applied to twrol shall be so adjusted as to attain the
mean fully developed deceleration of 3 fnés the first brake application; this
force shall remain constant throughout the sucogehliake applications.

1.5.1.4. During brake applications, the highest gatio (excluding overdrive, etc.) shall
be continuously engaged.

1.5.1.5. For regaining speed after braking, thelgeashall be used in such a way as to
attain the speed;\n the shortest possible time (maximum accelenatitowed
by the engine and gearbox).

1.5.1.6. For vehicles not having sufficient autogaim carry out the cycles of heating of
the brakes, the tests shall be carried out by saitigehe prescribed speed before
the first braking application and thereafter byngsthe maximum acceleration
available to regain speed and then braking sucadgst the speed reached at the
end of each time cycle duration as specified, Hierdappropriate vehicle category,
in paragraph 1.5.1.1. above.

1.5.1.7. In the case of vehicles equipped with matec brake adjustment devices the
adjustment of the brakes shall, prior to the Typest above, be set according to
the following procedures as appropriate:
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In the case of vehicles equipped withopgerated brakes the adjustment of the
brakes shall be such as to enable the automatie badjustment device to
function. For this purpose the actuator strokdl fleaadjusted to:

2 11x $e-adjust
(the upper limit shall not exceed a value reconuedrby the manufacturer)

where:

Se-adiust 1S the re-adjustment stroke according to the $ipation of the
manufacturer of the automatic brake adjustmentageviie. the
stroke, where it starts to readjust the runningraece of the brake
with an actuator pressure of 15 per cent of thekeoraystem
operating pressure but not less than 100 kPa.

Where, by agreement with the Technical Services, iinpractical to measure the
actuator stroke, the initial setting shall be agresth the Technical Service.

From the above condition the brake shall be opdratith an actuator pressure
of 30 per cent of the brake system operating presbut not less than 200 kPa
50 times in succession. This shall be followedlsingle brake application with
an actuator pressure of 650 kPa.

In the case of vehicles equipped witlhr&wlically operated disc brakes no setting
requirements are deemed necessary.

In the case of vehicles equipped witdrawlically operated drum brakes the
adjustment of the brakes shall be as specifieth&yrtanufacturer.

For vehicles equipped with an electriereggative braking system of category B,
the condition of the vehicle batteries at the stéthe test, shall be such that the
braking force contribution provided by the electragenerative braking system
does not exceed the minimum guaranteed by thersydtsign.

This requirement is deemed to be satisfied iftiaeeries are at one of the state of
charge conditions listed in the fourth clause ahgeaph 1.4.1.2.2. above.

With continuous braking

The service brakes of trailers of categof® and Q shall be tested in such a
manner that, the vehicle being laden, the energytito the brakes is equivalent
to that recorded in the same period of time withden vehicle driven at a steady
speed of 40 km/h on a 7 per cent down-gradiend fdistance of 1.7 km.
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1.5.2.2.

1.5.2.3.

1.5.3.

1.5.3.1.

1.5.3.1.1.

1.5.3.1.2.

1.5.3.1.3.

The test may be carried out on a leved, rtfze trailer being drawn by a towing
vehicle; during the test, the force applied to ¢batrol shall be adjusted so as to
keep the resistance of the trailer constant (7 qeantt of the maximum total
stationary axle load of the trailer). If the powavailable for hauling is
insufficient, the test can be conducted at a lospeed but over a greater distance
as shown in the table below:

Speed [km/h] Distance [metres]
40 1,700
30 1,950
20 2,500
15 3,100

In the case of trailers equipped with matic brake adjustment devices the
adjustment of the brakes shall, prior to the Typest prescribed above, be set
according to the procedure as laid down in pardgfap.1.1. of this annex.

Hot performance

At the end of the Type-I test (test ddwaiin paragraph 1.5.1. or test described
in paragraph 1.5.2. of this annex) the hot perforeeaof the service braking
system shall be measured in the same conditiortsifaparticular at a constant
control force no greater than the mean force agtusied) as for the Type-0 test
with the engine disconnected (the temperature tiondimay be different).

For power-driven vehicles this hot perfance shall not be less than 80 per cent
of that prescribed for the category in questiom, less than 60 per cent of the
figure recorded in the Type-0 test with the engliseonnected.

For vehicles fitted with an electric @agrative braking system of category A,
during brake applications, the highest gear staltdntinuously engaged and the
separate electric regenerative braking contralnif, shall not be used.

In the case of vehicles equipped witlelactric regenerative braking system of
category B, having carried out the heating cyclealing to paragraph 1.5.1.6.
of this annex, the hot performance test shall beezhout at the maximum speed
which can be reached by the vehicle at the entleobtake heating cycles, unless
the speed specified in paragraph 1.4.2. of thigaan be reached.

For comparison, the Type-0 test with cold brakesdl$e repeated from this same
speed and with a similar electric regenerative ingkontribution, as set by an
appropriate state of battery charge, as was availdring the hot performance
test.
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Reconditioning of the linings shall be permittedfdre the test is made to
compare this second Type-0 cold performance widh éichieved in the hot test,
against the criteria of paragraphs 1.5.3.1.1. ab@ 2. of this annex.

However, in the case of trailers, thelnake force at the periphery of the wheels
when tested at 40 km/h shall not be less than 36cpat of the maximum
stationary wheel load, nor less than 60 per centheffigure recorded in the
Type-0 test at the same speed.

In the case of a power-driven vehicle Whsatisfies the 60 per cent requirement
specified in paragraph 1.5.3.1.1. above, but whintnot comply with the 80 per
cent requirement of paragraph 1.5.3.1.1. aboveyrthdr hot performance test
may be carried out using a control force not exmepdhat specified in
paragraph 2. of this annex for the relevant vehiglieegory. The results of both
tests shall be entered in the report.

Free running test

In the case of motor vehicles equipped with autara@ake adjustment devices,
the brakes after completing the tests defined ragraph 1.5.3. above will be
allowed to cool to a temperature representative odld brake (i.e. €00 °C) and

it shall be verified that the vehicle is capableree running by fulfilling one of

the following conditions:

(&) Wheels are running freely (i.e. may be rotdagthand)

(b) It is ascertained that when the vehicle isvefii at a constant speed of
v = 60 km/h with the brakes released the asymptetigperatures shall not
exceed a drum/disc temperature increase of 80H& the residual brake
moments are regarded as acceptable.

Type-Il tes{downhill behaviour test)

Laden power-driven vehicles shall be testeduch a manner that the energy
input is equivalent to that recorded in the sanreodeof time with a laden vehicle
driven at an average speed of 30 km/h on a 6 per @ewn-gradient for a
distance of 6 km, with the appropriate gear engamedi the endurance braking
system, if the vehicle is equipped with one, baisgd. The gear engaged shall
be such that the speed of the engine {inifoes not exceed the maximum value
prescribed by the manufacturer.

For vehicles in which the energy is absormgedhe braking action of the engine
alone, a tolerance af 5 km/h on the average speed shall be permittedl ttzan

gear enabling the speed to be stabilized at theevalosest to 30 km/h on
the 6 per cent down-gradient shall be engagedhelfperformance of the braking
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1.6.3.

1.6.4.

1.7.
1.7.1.

1.7.1.1.

1.7.1.1.1.

action of the engine alone is determined by a nreasent of deceleration, it shall
be sufficient if the mean deceleration measured Isast 0.5 mfs

At the end of the test, the hot performanfcihe service braking system shall be

measured in the same conditions as for the Typedd with the engine

disconnected (the temperature conditions may bderdiit).  This hot

performance shall give a stopping distance not ediog the following values

and a mean fully developed deceleration not less the following values, using

a control force not exceeding 70 daN:

category M 0.15v + (1.33 %1130) (the second term corresponds to a mean
fully developed deceleration,g= 3.75 m/%),

category N 0.15v + (1.33 ¥/115)(the second term corresponds to a mean
fully developed deceleration,g 3.3 m/8).

Vehicles cited in paragraphs 1.8.1.1., 128.4nd 1.8.1.3. below shall satisfy the
Type-lIA test described in paragraph 1.8. belovead of the Type-Il test.

Type-lll tesf(fade test for vehicles of category)O
Track test

The adjustment of the brakes shall, ptiorthe Type-lll test below, be set
according to the following procedures as approeriat

In the case of trailers equipped withogierated brakes the adjustment of the
brakes shall be such as to enable the automatie badjustment device to
function. For this purpose the actuator stroke llshze adjusted to
S > 1.10Se-adjust(the upper limit shall not exceed a value reconuiednby the
manufacturer):

where:

Se-adiustS the re-adjustment stroke according to the $ipation of the
manufacturer of the automatic brake adjustmentadgvie. the stroke, where it
starts to re-adjust the running clearance of ttekdrmwith an actuator pressure
of 100 kPa.

Where, by agreement with the Technical Servicks, itnpractical to measure the
actuator stroke, the initial setting shall be adregth the Technical Service.

From the above condition the brake shall be opdratith an actuator pressure
of 200 kPa, 50 times in succession. This shalfddewed by a single brake
application with an actuator pressure>0650 kPa.
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1.7.1.1.2. In the case of trailers equipped wittraylically operated disc brakes no setting
requirements are deemed necessary.

1.7.1.1.3. In the case of trailers equipped witldraylically operated drum brakes the
adjustment of the brakes shall be as specifieth&yrtanufacturer.
1.7.1.2. For the road test the conditions shaddllows:
Number of brake applications 20
Duration of a braking cycle 60 s
Initial speed at the beginning of brakirg 60 km/h

Braking applications

In these tests, the force iappto the contro
shall be so adjusted as to attain the mean 1
developed deceleration of 3 rhis respect to thg

trailer mass R at the first brake application; thjs

force shall remain constant throughout
succeeding brake applications.

ully

\174

he

The braking rate of a trailer is calculated acoaydto the formula given in

paragraph 1.4.4.3. of this

ZrR — (ZR+M

annex:

_R).(PM + Pg) +R

Pr

The speed at the end of braking (Annex 11, AppeBdparagraph 3.1.5.):
va=v Pu+P +P,/4
2T Py +P+Ps

Zz - braking rate of the trailer

Zr+m - braking rate of the vehicle combination (motehicle and trailer)

R - rolling resistance value = 0.01

Pu - total normal static reaction between the roadlase and the wheels
of towing vehicle for trailer (kg)

Pr - total normal static reaction between the roadlase and the wheels

where:

of trailer (kg)

P, - part of the mass of the trailer borne by therakéd axle(s) (kg)
P, - part of the mass of the trailer borne by thekbdaaxle(s) (kg)
v; - initial speed (km/h)

Vo - final speed (km/h)
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1.7.2.

1.7.3.

1.8.
1.8.1.

1.8.1.1.

1.8.1.2.

1.8.1.3.
1.8.2.

1.8.2.1.

1.8.2.2.

Hot performance

At the end of the test according to paragraphll.The hot performance of the
service braking system shall be measured undesdh®e conditions as for the
Type-0 test with, however, different temperaturaditions and starting from an
initial speed of 60 km/h. The hot brake-forcela periphery of the wheels shall
then not be less than 40 per cent of the maximatiosgary wheel load, and not
less than 60 per cent of the figure recorded inlyye-0 test at the same speed.

Free running test

After completing the tests defined in paragraph2l, above, the brakes will be

allowed to cool to a temperature representative ofld brake (i.e. €00 °C) and

it shall be verified that the trailer is capabldraie running by fulfilling one of the

following conditions:

a) Wheels are running freely (i.e. may be rotétgtand)

b) It is ascertained that when the trailer is enivat a constant speed of
v = 60 km/h with the brakes released the asymptetitperatures shall not
exceed a drum/disc temperature increase of 80H&) the residual brake
moments are regarded as acceptable.

Type-lIA test (endurance braking performance)

Vehicles of the following categories shaldubject to the Type-IIA test:

Interurban motor coaches and long distatmaing motor coaches of
category M.

Vehicles of categorysNvhich are authorized to tow a trailer of categGuy If
the maximum mass exceeds 26 tonnes, the test mhssted to 26 tonnes or, in
the case where the unladen mass exceeds 26 tdhisesiass is to be taken into
account by calculation.

Certain vehicles subject to ADR (see Anbiex
Test conditions and performance requirements

The performance of the endurance brakistes shall be tested at the maximum
mass of the vehicle or of the vehicle combination.

Laden vehicles shall be tested in suclaaner that the energy input is equivalent
to that recorded in the same period of time wittaden vehicle driven at an
average speed of 30 km/h on a 7 per cent downamador a distance of 6 km.
During the test, the service, secondary and parknaging systems shall not be
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engaged. The gear engaged shall be such thap#eel ©f the engine does not
exceed the maximum value prescribed by the manufact An integrated
endurance braking system may be used, providedttimsuitably phased such
that the service braking system is not applieds thay be verified by checking
that its brakes remain cold, as defined in pardgdag.1.1. of this annex.

1.8.2.3. For vehicles in which the energy is absdrby the braking action of the engine
alone, a tolerance af 5 km/h on the average speed shall be permittedi ttzen
gear enabling the speed to be stabilized at a velogest to 30 km/h on a
7 per cent down-gradient shall be engaged. Ifpgédormance of the braking
action of the engine alone is determined by meaguhie deceleration, it shall be
sufficient if the mean deceleration measured Isagt 0.6 m/s
2. PERFORMANCE OF BRAKING SYSTEMS OF VEHICLES OF
CATEGORIES M, M3 AND N
2.1. Service braking system
2.1.1. The service brakes of vehicles of categdviesMs; and N shall be tested under
the conditions shown in the following table:
Category M M3 N N2 N3
Type of test 0-1 O-I-11 or 0-1 0-1 O-I-11
A
Type-0 test Y 60 km/h | 60 km/h 80 km/h| 60 km/h 60 km/h
with engine 0.15 V2
[ S=< A5v+——
disconnected = 13C
Om > 5.0 m/$
Type-0 test VvV =0.80 Vhax | 100 km/h | 90 km/hj 120 km/h 100 kn{/BO km/h
with engine but not
connected exceeding
V2
S <
=< 0.15v+ 1038
Om > 4.0 m/$
F< 70 daN
where:

prescribed test speed, in km/h

stopping distance, in metres,

mean fully developed deceleration, in‘m/s
force applied to foot control, in daN
maximum speed of the vehicle, in km/h

wn
s <
QD
X
I T I TR



E/ECE/324
E/ECE/TRANS/505
Regulation No. 13
page 78

Annex 4

} Rev.1/Add.12/Rev.6

2.1.2. In the case of a power-driven vehicle autieor to tow an unbraked trailer, the
minimum performance prescribed for the correspanddower-driven vehicle
category (for the Type-0 test with engine discotegcshall be attained with the
unbraked trailer coupled to the power-driven vehanhd with the unbraked trailer
laden to the maximum mass declared by the powgednehicle manufacturer.

The combination performance shall be verified lyjcalations referring to the
maximum braking performance actually achieved by plower-driven vehicle
alone (laden) during the Type-O test with the eagdisconnected, using the
following formula (no practical tests with a cougpleunbraked trailer are

required):
— PM
dm+R—dM.PM +PR
where:
dwr = calculated mean fully developed decelerationtted power-driven

vehicle when coupled to an unbraked trailer, in’m/s

v = maximum mean fully developed deceleration of ffmver-driven
vehicle alone achieved during the Type-0 test wigine
disconnected, in mfs

Pu = mass of the power-driven vehicle (laden),

Pr = maximum mass of an unbraked trailer which maycbapled, as
declared by the power-driven vehicle manufacturer.

2.2. Secondary braking system
2.2.1. The secondary braking system, even if th#robwhich actuates it is also used

for other braking functions, shall give a stoppidigtance not exceeding the

following values and a mean fully developed de@len not less than the

following values:

Category M, Ms  0.15 v + (29/130) (the second term corresponds to a mean
fully developed deceleration,d 2.5 m/$)

Category N 0.15 v + (2i115) (the second term corresponds to a mean
fully developed deceleration,d 2.2 m/$)

2.2.2. If the control is manual, the prescribedgrenance shall be obtained by applying
to the control a force not exceeding 60 daN ancctrrol shall be so placed that
it can be easily and quickly grasped by the driver.

2.2.3. If it is a foot control, the prescribed merhance shall be obtained by applying to
the control a force not exceeding 70 daN and tmerobshall be so placed that it
can be easily and quickly actuated by the driver.
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The performance of the secondary brakintesyshall be checked by the Type-0
test with engine disconnected from the followintjiah speeds:

M>: 60 km/h Ms: 60 km/h

Ni: 70 km/h N: 50 km/h N: 40 km/h

The secondary braking effectiveness tedt bleaconducted by simulating the
actual failure conditions in the service brakingtsyn.

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

For a total failure of the electric comenhof the service braking output.

In the case where the failure conditiamsea the electric component to deliver its
maximum braking force.

Parking braking system

The parking braking system shall, even isitombined with one of the other
braking systems, be capable of holding the laddmcles stationary on an 18 per
cent up or down-gradient.

On vehicles to which the coupling of a &rik authorized, the parking braking
system of the towing vehicle shall be capable dfling the combination of
vehicles stationary on a 12 per cent up or dowwligrd.

If the control is manual, the force appliedt shall not exceed 60 daN.
If it is a foot control, the force exertauthe control shall not exceed 70 daN.

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

To check compliance with the requirementcgigel in paragraph 5.2.1.2.4. of
this Regulation, a Type-0 test shall be carriedvaith the engine disconnected at
an initial test speed of 30 km/h. The mean fulgveloped deceleration on
application of the control of the parking brake teys and the deceleration
immediately before the vehicle stops shall notdss than 1.5 nfs The test shall
be carried out with the laden vehicle.

The force exerted on the braking control devicallshot exceed the specified
values.
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2.4, Residual braking after transmission failure
2.4.1. The residual performance of the serviceibgakystem, in the event of failure in
a part of its transmission, shall give a stoppingtatice not exceeding the
following values and a mean fully developed deelen not less than the
following values, using a control force not exceediy0 daN, when checked by
the Type-0 test with the engine disconnected frieenfollowing initial speeds for
the relevant vehicle category:
Stopping distance (m) and mean fully developeaéeation () [m/s’]
Vehicle % Stopping distance LADEIN d, | Stopping distance UNLADEIN dn
Category| [km/h] [m] [m/s] [m] [m/s]
M, 60 [0.15v +(100/30) (v¥130)| 1.5 | 0.15v +(100/25) (v¥/130) | 1.3
Ms 60 [0.15v +(100/30) (v¥130)| 1.5 | 0.15v +(100/30) (v¥/130) | 1.5
N1 70 | 0.15v +(100/30) (v¥/115)| 1.3 | 0.15v +(100/25) (v¥/115) | 1.1
N, 50 [0.15v +(100/30) (v¥115)| 1.3 | 0.15v+(100/25) (v¥/115) | 1.1
N 40 [0.15v +(100/30) (v/115)| 1.3 || 0.15v +(100/30) (v¥/115) | 1.3
2.4.2. The residual braking effectiveness test ffeatonducted by simulating the actual
failure conditions in the service braking system.
3. PERFORMANCE OF BRAKING SYSTEMS OF VEHICLES OF
CATEGORY O
3.1 Service braking system
3.1.1. Provision relating to tests of vehicles atiegory Q:
Where the provision of a service braking systemasdatory, the performance of
the system shall meet the requirements laid dowrvébicles of categories O
and Q.
3.1.2. Provisions relating to tests of vehiclesatkegories @and Q:
3.1.2.1. If the service braking system is of thetowmous or semi-continuous type, the

sum of the forces exerted on the periphery of tladedd wheels shall be at least x
per cent of the maximum stationary wheel load, wilgithe following values:
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x [per cent]

full trailer, laden and unladen: 50
semi-trailer, laden and unladen: 45
centre-axle trailer, laden and unladen: 50

If the trailer is fitted with a compressa®d braking system, the pressure in the
supply line shall not exceed 700 kPa during thédrtast and the signal value in
the control line shall not exceed the following ued, depending on the
installation:

(@) 650 kPa in the pneumatic control line;

(b) a digital demand value corresponding to 658 kfas defined in

ISO 11992:2003 in the electric control line.

The test speed is 60 km/h. A supplementary te40&m/h shall be carried out
with the laden trailer for comparison with the Tyiptest result.

If the braking system is of the inertipeyit shall comply with the requirements
of Annex 12 to this Regulation.

In addition, the vehicles shall undergd Type-I test.

In the Type-I test of a semi-trailer, thass braked by the latter's axle(s) shall
correspond to the maximum axle load(s) (not inelgdhe king pin load).

Provisions relating to tests of vehiclesategory @

If the service braking system is of thatowmous or semi-continuous type, the
sum of the forces exerted on the periphery of tia&dd wheels shall be at least x
per cent of the maximum stationary wheel load, wrgathe following values:

x [per cent]
full trailer, laden and unladen: 50

semi-trailer, laden and unladen: 45
centre-axle trailer, laden and unladen: 50

If the trailer is fitted with a compressaid braking system, the pressure in the
control line shall not exceed 650 kPa and the press the supply line shall not
exceed 700 kPa during the brake test. The testlspes0 km/h.

In addition, the vehicles shall undergo Type-Ill test.

In the Type-lll test of a semi-traileretmass braked by the latter's axle(s) shall
correspond to the maximum axle load(s).
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3.2.

3.2.1.

3.3.

3.3.1.

4.1.

4.1.1.

4.1.2.

4.1.3.

Parking braking system

The parking braking system with which thelér is equipped shall be capable of
holding the laden trailer stationary, when separdtem the towing vehicle, on
an 18 per cent up or down-gradient. The forceiaggb the control device shall
not exceed 60 daN.

Automatic braking system

The automatic braking performance in thenewd a failure, as described in
paragraph 5.2.1.18.3. of this Regulation, whenirtgsthe laden vehicle from a
speed of 40 km/h, shall not be less than 13.5 et af the maximum stationary
wheel load. Wheel-locking at performance levelsov@bl3.5 per cent is
permitted.

RESPONSE TIME

Where a vehicle is equipped with a servicekibgasystem which is totally or
partially dependent on a source of energy othem tha muscular effort of the
driver, the following requirements shall be satdfi

In an emergency manoeuvre, the time elapsetgeen the moment when the
control device begins to be actuated and the monvben the braking force on
the least favourably placed axle reaches the lemeksponding to the prescribed
performance shall not exceed 0.6 seconds.

In the case of vehicles fitted with compeesair braking systems, the
requirements of paragraph 4.1.1. above are corsidés be satisfied if the
vehicle complies with the provisions of Annex @&hes Regulation.

In the case of vehicles fitted with hydralraking systems, the requirements of
paragraph 4.1.1. 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 4 - Appendix

PROCEDURE FOR MONITORING THE STATE OF BATTERY CHARG
This procedure is applicable to vehicle battersesdufor traction and regenerative braking.
The procedure requires the use of a bi-directi®@Matt-hour meter.
1. Procedure
1.1. If the batteries are new or have been subjeektended storage, they shall be cycled

as recommended by the manufacturer. A minimum 8-lsoak period at ambient
temperature shall be allowed after completion afiag.

1.2. A full charge shall be established using trenufiacturer's recommended charging
procedure.
1.3. When the braking tests of paragraphs 1.2.14,1.2.2., 1.5.1.6., 1.5.1.7., and

1.5.3.1.3. of Annex 4 are conducted the watt-h@orssumed by the traction motors
and supplied by the regenerative braking systert Bhaecorded as a running total
which shall then be used to determine the statthafge existing at the beginning or
end of a particular test.

1.4. To replicate a level of state of charge in Itlagteries for comparative tests, such as
those of paragraph 1.5.3.1.3., the batteries §lakither recharged to that level or
charged to above that level and discharged inieeal load at approximately constant
power until the required state of charge is reachatlernatively, for vehicles with
battery powered electric traction only, the stdtelmrge may be adjusted by running
the vehicle. Tests conducted with a battery plirtigharged at their start shall be
commenced as soon as possible after the desitedo$teharge has been reached.
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2.1.

2.2.

2.2.1.

2.3.

2.3.1.

2.3.1.1.

2.3.1.2.

2.3.1.3.

2.3.1.4.

Annex 5

ADDITIONAL PROVISIONS APPLICABLE TO CERTAIN VEHICLES
AS SPECIFIED IN THE ADR

SCOPE

This annex applies to certain vehicles which aifgext to section 9.2.3. of Annex B
to the European Agreement concerning the IntematicCarriage of Dangerous
Goods by Road (ADR).

REQUIREMENTS

General provisions

Power-driven vehicles and trailers intended fag as transport units for dangerous
goods shall fulfil all relevant technical requirem of this Regulation. In addition,
the following technical provisions shall apply ggeopriate.

Anti-lock braking system of trailers

Trailers of category /Oshall be equipped with category A anti-lock systeas
defined in Annex 13 of this Regulation.

Endurance braking system

Power-driven vehicles having a maximum nexsgeding 16 tonnes, or authorized to
tow a trailer of category Oshall be fitted with an endurance braking system
according to paragraph 2.15. of this RegulationcWwizomplies with the following
requirements:

The endurance braking control configuratichall be from a type described in
paragraphs 2.15.2.1. to 2.15.2.3. of this Reguiatio

In the case of an electrical failure af #nti-lock system, integrated or combined
endurance braking systems shall be switched offraatically.

The effectiveness of the endurance bragymstem shall be controlled by the anti-lock
braking system such that the axle(s) braked byetiturance braking system cannot
be locked by that system at speeds above 15 kid@iwever, this requirement shall
not apply to that part of the braking system cautgtd by the natural engine braking.

The endurance braking system shall compseveral stages of effectiveness,
including a low stage appropriate for the unladendition. Where the endurance
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braking system of a power-driven vehicle is coogtid by its engine, the different
gear ratios shall be considered to provide theedfit stages of effectiveness.

The performance of the endurance brakystes shall be such that it fulfils the
requirements of paragraph 1.8. of Annex 4 to tregiRation (Type-Il A test), with a
laden vehicle mass comprising the laden mass aftbter vehicle and its authorized
maximum towed mass but not exceeding a total dbAdes.

If a trailer is equipped with an enduranaakimg system it shall fulfil the
requirements of paragraphs 2.3.1.1. to 2.3.1.4veahs appropriate.

Braking requirements for EX/IIl vehicles oftegories @and QO

Notwithstanding the provisions of paragrapR.2.9. of this Regulation, EX/III
vehicles, as defined in Regulation No. 105, of gaties Q and Q irrespective of

their mass, shall be equipped with a braking systémch automatically brakes the
trailer to a stop if the coupling device separatbie the trailer is in motion.
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1.1

1.2.

1.3.

2.1.

2.2.

2.3.

2.4.

Annex 6

METHOD OF MEASURING THE RESPONSE TIME ON VEHICLES
EQUIPPED WITH COMPRESSED-AIR BRAKING SYSTEMS

GENERAL

The response times of the service brakingesysshall be determined on the
stationary vehicle, the pressure being measurdteaintake to the cylinder of the
least favourably placed brake. In the case of olesi fitted with combined

compressed-air/hydraulic braking systems, the pressnay be measured at the
opening of the least favourably placed pneumatit. uRor vehicles equipped with

load sensing valves, these devices shall be skéitiaden” position.

During the test, the stroke of the brake dgns of the various axles shall be that
required for brakes adjusted as closely as possible

The response times determined in accordanitetin provisions of this annex shall
be rounded to the nearest tenth of a second.e ffiglare representing the hundredth is
five or more, the response time shall be roundetb dpe next higher tenth.

POWER-DRIVEN VEHICLES

At the beginning of each test, the pressutbearenergy storage device shall be equal
to the pressure at which the governor restoreseiin to the system. In systems not
equipped with a governor (e.g., pressure-limitechjpessors) the pressure in the
energy storage device at the beginning of eacrskest be 90 per cent of the pressure
specified by the manufacturer and defined in paalgrl.2.2.1. of Part A of Annex 7
to this Regulation, used for the tests prescribetiis annex.

The response times as a function of the antyaime (f) shall be obtained by a
succession of full actuations, beginning with thergest possible actuating time and
increasing to a time of about 0.4 seconds. Thesared values shall be plotted on a
graph.

The response time to be taken into consiaerdtr the purpose of the test is that
corresponding to an actuating time of 0.2 secondsis response time can be
obtained from the graph by interpolation.

For an actuating time of 0.2 seconds, the tiagsing from the initiation of the
braking system control actuation to the moment when pressure in the brake
cylinder reaches 75 per cent of its asymptoticealoall not exceed 0.6 seconds.



2.5.

2.6.

2.7.

3.1.

3.2.

E/ECE/324
E/ECE/TRANS/505

Regulation No. 13
page 87
Annex 6

} Rev.1/Add.12/Rev.6

In the case of power-driven vehicles havingnaumatic control line for trailers, in
addition to the requirements of paragraph 1.1hdf &annex, the response time shall
be measured at the extremity of a pipe 2.5 m loitig &n internal diameter of 13 mm
which shall be joined to the coupling head of tbatml line of the service braking
system. During this test, a volume of 385 €n? (which is deemed to be equivalent
to the volume of a pipe 2.5 m long with an interdemeter of 13 mm and under a
pressure of 650 kPa) shall be connected to theliogupead of the supply line.
Tractors for semi-trailers shall be equipped witexible pipes for making the
connection to semi-trailers. The coupling headk therefore, be at the extremity of
those flexible pipes. The length and internal diten of the pipes shall be entered at
item 14.7.3. of the form conforming to the modeRinnex 2 to this Regulation.

The time elapsing from the initiation of brgsedal actuation to the moment when
(@) the pressure measured at the coupling hedu gfrteumatic control line,
(b) the digital demand value in the electric controkélmeasured according to
ISO 11992:2003
reaches x per cent of its asymptotic, respectiVielgl, value shall not exceed the
times shown in the table below:

X [per cent] t[s]
10 0.2
75 0.4

In the case of power-driven vehicles autharitetow trailers of category {or O,
fitted with compressed-air braking systems, in #ddito the above-mentioned
requirements, the prescriptions in paragraph 3.8.4.1. of this Regulation shall be
verified by conducting the following test:

(@) by measuring the pressure at the extremitympa 2.5 m long with an internal
diameter of 13 mm which shall be joined to the dimgphead of the supply
line;

(b) by simulating a failure of the control linetae coupling head;

(c) by actuating the service braking control devit®.2 seconds, as described in
paragraph 2.3. above.

TRAILERS

The trailer's response times shall be measwitbdut the power-driven vehicle. To
replace the power-driven vehicle, it is necessargrovide a simulator to which the
coupling heads of the supply line, the pneumatitrod line and/or the connector of
the electric control line are connected.

The pressure in the supply line shall be @58. k
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3.3.

3.3.1.

3.3.2.

3.3.3.

3.3.4.

3.4.

3.4.1.

3.4.2.

The simulator for pneumatic control lines Ehale the following characteristics:

It shall have a reservoir with a capacity36f litres which shall be charged to a
pressure of 650 kPa before each test and which sbabe recharged during each
test. At the outlet of the braking control devitliee simulator shall incorporate an
orifice with a diameter of from 4.0 to 4.3 mm insive. The volume of the pipe
measured from the orifice up to and including thepting head shall be 3855+cn?
(which is deemed to be equivalent to the voluma pipe 2.5 m long with an internal
diameter of 13 mm and under a pressure of 650 kHdje control line pressures
referred to in paragraph 3.3.3. of this annex shml measured immediately
downstream of the orifice.

The braking system control shall be so desigthat its performance in use is not
affected by the tester.

The simulator shall be set, e.g. through dheice of orifice in accordance with
paragraph 3.3.1. of this annex in such a way that,reservoir of 385 + cnf is
joined to it, the time taken for the pressure wéase from 65 to 490 kPa (10 and 75
per cent respectively of the nominal pressure 6f§Ba) shall be 0.2 8.01 seconds.

If a reservoir of 1155 45 cn? is substituted for the above-mentioned resertbé,
time taken for the pressure to increase from 689to kPa without further adjustment
shall be 0.38 .02 seconds. Between these two pressure vahegressure shall
increase in an approximately linear way. Theserw@drs shall be connected to the
coupling head without using flexible pipes and tie@nection shall have an internal
diameter of not less than 10 mm.

The diagrams in the appendix to this annae gn example of the correct
configuration of the simulator for setting and use.

The simulator for checking the response toagtransmitted via the electric control
line shall have the following characteristics:

The simulator shall produce a digital demaighal in the electric control line

according to ISO 11992-2:2003 and shall provideappropriate information to the

trailer via pins 6 and 7 of the ISO 7638:1997 catoe For the purpose of response
time measurement the simulator may at the manufdurequest transmit to the
trailer information that no pneumatic control lime present and that the electric
control line demand signal is generated from twalependent circuits (see

paragraphs 6.4.2.2.24. and 6.4.2.2.25. of ISO 1-292203).

The braking system control shall be so aesigthat its performance in use is not
affected by the tester.
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For the purpose of response time measurethersignal produced by the electric
simulator shall be equivalent to alinear pneumatiessure increase from 0.0
to 650 kPa in 0.2 6.01 seconds.

The diagrams in the appendix to this annase gn example of the correct
configuration of the simulator for setting and use.

Performance requirements

For trailers with a pneumatic control lihe time elapsing between the moment when
the pressure produced in the control line by tmeukitor reaches 65 kPa and the

moment when the pressure in the brake actuatdreofrailer reaches 75 per cent of

its asymptotic value shall not exceed 0.4 seconds.

Trailers equipped with a pneumatic contlise and having electric control
transmission shall be checked with the electricalgr supplied to the trailer via the
ISO 7638:1997 connector (5 or 7 pin).

For trailers with an electric control lifeettime elapsing between the moment when
the signal produced by the simulator exceeds thévalgnt of 65 kPa and the
moment when the pressure in the brake actuatdreofrailer reaches 75 per cent of
its asymptotic value shall not exceed 0.4 seconds.

In the case of trailers equipped with a pmetic and an electric control line, the
response time measurement for each control link sbadetermined independently
according to the relevant procedure defined above.
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Annex 6 — Appendix
EXAMPLES OF SIMULATOR (see Annex 6, paragraph 3.)

1. Setting the Simulator

E@-‘

R1

R3

To the electric chronometer

Braking equipment of the
trailer to be tested

2. Testing the Trailer

B |
RA l—
M
&E TA
« VRU
C .
L e
/ [—1 r ®
— L |
65 kPa PP ! j
R1 j o) - |— — 4 \1Tc _ =
a8 S CF
!
! ‘ | c2
A = supply connection with shut-off e _é' ¥
Cl = pressure switch in the simulator, set at &5 P d€19§JpgCchronometer
Cc2 = pressure switch to be connected to the brekegor of the trailer, to operate at 75 per cérthe asymptotic
pressure in the brake actuator CF
CF = brake cylinder
L = line from orifice O up to and including its guiing head TC, having an inner volume of 385 + 5 amder a
pressure of 650 kPa
M = pressure gauge
o = orifice with a diameter of not less than 4 mmd aot more than 4.3 mm
PP = pressure test connection
R1 = 30 litre air reservoir with drain valve
R2 = calibrating reservoir, including its couplihgad TC, to be 385 +5 ém
R3 = calibrating reservoir, including its couplingad TC, to be 1155 + 15 &m
RA = shut-off valve
TA = coupling head, supply line
\% = braking system control device
TC = coupling head, control line
VRU = emergency relay valve
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3. Example of a simulator for electric control kne

Braking equipment of the
trailer to be tested

< >

i VRU !

TA i /) — |

o NH )
SIMU_ |

Simulator EES 11 =i I i

|:|— |

Start 65 kPa | 650 kPa ! :

I [ I

y?%_ff

To the electric chronameter

ECL = electric control line corresponding to 1ISCB836

SIMU =  simulator of Byte 3,4 of EBS 11 accordingl8D 11992 with output signals at
start, 65 kPa and 650 kPa.

A = supply connection with shut-off valve

C2 = pressure switch to be connected to the brekeator of the trailer, to operate
at 75 per cent of the asymptotic pressure in th&eactuator CF

CF = brake cylinder

M = pressure gauge

PP = pressure test connection

TA = coupling head, supply line

VRU = emergency relay valve



E/ECE/324
E/ECE/TRANS/505
Regulation No. 13
page 92

Annex 7

} Rev.1/Add.12/Rev.6

Annex 7

PROVISIONS RELATING TO ENERGY SOURCES AND ENERGY GRAGE DEVICES
(ENERGY ACCUMULATORS)

A. COMPRESSED-AIR BRAKING SYSTEMS

1. CAPACITY OF ENERGY STORAGE DEVICES (ENERGY RES¥BIRS)
1.1 General
1.1.1. Vehicles on which the operation of the hmgkisystem requires the use of

compressed-air shall be equipped with energy stodmyices (energy reservoirs)
of a capacity meeting the requirements of paragrdph and 1.3. of this annex

(Part A).
1.1.2. It shall be possible to easily identify teeervoirs of the different circuits.
1.1.3. However, the energy storage devices shalbaarequired to be of a prescribed

capacity if the braking system is such that ingheence of any energy reserve it is
possible to achieve a braking performance at legsal to that prescribed for the
secondary braking system.

1.1.4. In verifying compliance with the requiremeif paragraphs 1.2. and 1.3. of this
annex, the brakes shall be adjusted as closelpsssiye.

1.2. Power-driven vehicles

1.2.1. The energy storage devices (energy ressjvoirpower-driven vehicles shall be

such that after eight full-stroke actuations of seevice braking system control the
pressure remaining in the energy storage devicgg)l be not less than the
pressure required to obtain the specified seconaking performance.

1.2.2. Testing shall be performed in conformityhwtite following requirements:
1.2.2.1. the initial energy level in the energyrate device(s) shall be that specified by the

manufacturer L It shall be such as to enable the prescribetbpeance of the
service braking system to be achieved;

u The initial energy level shall be stated in tipprval document.
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the energy storage device(s) shall nofede in addition, any energy storage
device(s) for auxiliary equipment shall be isolated

In the case of power-driven vehicle tockhthe coupling of a trailer is authorized
and with a pneumatic control line, the supply liskall be stopped and a
compressed-air reservoir of 0.5 litre capacity Ishbal connected directly to the
coupling head of the pneumatic control line. Befeach braking operation, the
pressure in this compressed-air reservoir shatidmepletely eliminated. After the

test referred to in paragraph 1.2.1. above, therggnéevel supplied to the

pneumatic control line shall not fall below a leegjuivalent to one-half the figure
obtained at the first brake application.

Trailers

The energy storage devices (energy ressjveiith which trailers are equipped
shall be such that, after eight full-stroke actuagi of the towing vehicle's service
braking system, the energy level supplied to therajng members using the
energy, does not fall below a level equivalent ne-balf of the figure obtained at
the first brake application and without actuatiither the automatic or the parking
braking system of the trailer.

Testing shall be performed in conformityhntthe following requirements:

the pressure in the energy storage dewtebe beginning of each test shall
be 850 kPa;

the supply line shall be stopped; in adidjtany energy storage device(s) for
auxiliary equipment shall be isolated;

the energy storage devices shall notfieneshed during the test;

at each brake application, the pressurghéen pneumatic control line shall
be 750 kPa;

at each brake application, the digital @ednvalue in the electric control line shall
be corresponding to a pressure of 750 kPa.

CAPACITY OF ENERGY SOURCES
General

The compressors shall meet the requirements ghtifothe following paragraphs.
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2.2.

2.2.1.

2.2.2.

2.2.3.

2.3.

2.3.1.

2.3.2.

2.3.3.

2.4,
24.1.

24.1.1.

2.4.1.2.
2.4.2.

2.4.2.1.

2.4.2.2.

Definitions

"R" is the pressure corresponding to 65 per centhef gressure spdefined in
paragraph 2.2.2. below.

"R" is the value specified by the manufacturer aridrred to in paragraph 1.2.2.1.
above.

"{" is the time required for the relative pressureise from O to p and "t" is the
time required for the relative pressure to risefi@to p.

Conditions of measurement

In all cases, the speed of the compressul fsh that obtained when the engine is
running at the speed corresponding to its maximomep or at the speed allowed
by the governor.

During the tests to determine the timeand the time,t the energy storage
device(s) for auxiliary equipment shall be isolated

If it is intended to attach a trailer to emer-driven vehicle, the trailer shall be
represented by an energy storage device whose maxinelative pressure p
(expressed in kPa / 100) is that which can be seghphrough the towing vehicle's
supply circuit and whose volume V, expressed iredit is given by the formula
pXxV =20R (R being the permissible maximum masgspnnes, on the axles of
the trailer).

Interpretation of results

The timestrecorded for the least-favoured energy storageédeshall not exceed:

3 minutes in the case of vehicles to whied coupling of a trailer is not
authorized; or

6 minutes in the case of vehicles to whikehcoupling of a trailer is authorized.
The timestrecorded for the least-favoured energy storagedeshall not exceed:

6 minutes in the case of vehicles to whied coupling of a trailer is not
authorized; or

9 minutes in the case of vehicles to wktehcoupling of a trailer is authorized.
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Additional test

If the power-driven vehicle is equipped wathe or more energy storage devices
for auxiliary equipment having a total capacity exding 20 per cent of the total
capacity of the braking energy storage devices,additional test shall be
performed during which no irregularity shall oceéarthe operation of the valves
controlling the filling of the energy storage de(s) for auxiliary equipment.

It shall be verified during the aforesaidttihat the timestnecessary to raise the
pressure from O to,pin the least-favoured braking energy storage d@eiscless
than:

8 minutes in the case of vehicles to whied coupling of a trailer is not
authorized; or

11 minutes in the case of vehicles to wihe coupling of a trailer is authorized.

The test shall be performed in the conditigmescribed in paragraphs 2.3.1.
and 2.3.3. above.

Towing vehicles

Power-driven vehicles to which the couplofga trailer is authorized shall also
comply with the above requirements for vehicles smtauthorized. In that case,
the tests in paragraphs 2.4.1. and 2.4.2. (and.2&. this annex will be conducted
without the energy storage device mentioned ingragh 2.3.3. above.

B. VACUUM BRAKING SYSTEMS
CAPACITY OF ENERGY STORAGE DEVICES (ENERGY RES¥BIRS)
General
Vehicles on which operation of the brakiygtem requires the use of a vacuum
shall be equipped with energy storage devices ¢gnerservoirs) of a capacity
meeting the requirements of paragraphs 1.2. andfLtBis annex (Part B).
However, the energy storage devices shallbeorequired to be of a prescribed
capacity if the braking system is such that inahsence of any energy reserve it is
possible to achieve a braking performance at leqsal to that prescribed for the

secondary braking system.

In verifying compliance with the requiremeiof paragraphs 1.2. and 1.3. of this
annex, the brakes shall be adjusted as closelgsshe.
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1.2.

1.2.1.

1.2.1.1.

1.2.1.2.

1.2.2.

1.2.2.1.

1.2.2.2.

1.2.2.3.

1.3.

1.3.1.

1.3.2.

Power-driven vehicles

The energy storage devices (energy ressjvofrpower-driven vehicles shall be
such that it is still possible to achieve the perfance prescribed for the secondary
braking system:

after eight full-stroke actuations of #$ervice braking system control where the
energy source is a vacuum pump; and

after four full-stroke actuations of tleevsce brake control where the energy source
is the engine.

Testing shall be performed in conformityhwttie following requirements:

the initial energy level in the energyrate device(s) shall be that specified by the
manufacturer 1 It shall be such as to enable the prescribetbeance of the
service braking system to be achieved and shallespond to a vacuum not
exceeding 90 per cent of the maximum vacuum fueddby the energy source;

the energy storage device(s) shall noffdae in addition any energy storage
device(s) for auxiliary equipment shall be isolated

in the case of a power-driven vehicle atitled to tow a trailer, the supply line
shall be stopped and an energy storage device Doflithe capacity shall be

connected to the control line. After the test nefe to in paragraph 1.2.1. above,
the vacuum level provided at the control line simat have fallen below a level

equivalent to one-half of the figure obtained &t finst brake application.

Trailers(categories @and Q only)

The energy storage devices (energy ressjveitth which trailers are equipped
shall be such that the vacuum level provided auder points shall not have fallen
below a level equivalent to one-half of the valuetained at the first brake

application after a test comprising four full-steo&ctuations of the trailer's service
braking system.

Testing shall be performed in conformityhatthe following requirements:

1/ The initial energy level shall be stated in tipp@val document.
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the initial energy level in the energyrate device(s) shall be that specified by the
manufacturer /L It shall be such as to enable the prescribetbyeance of the
service braking system to be achieved;

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

CAPACITY OF ENERGY SOURCES
General

Starting from the ambient atmospheric presghe energy source shall be capable
of achieving in the energy storage device(s), miButes, the initial level specified
in paragraph 1.2.2.1. above. In the case of a pdween vehicle to which the
coupling of a trailer is authorized, the time takienachieve that level in the
conditions specified in paragraph 2.2. below shatlexceed 6 minutes.

Conditions of measurement
The speed of the vacuum source shall be:

where the vacuum source is the vehiclénenghe engine speed obtained with the
vehicle stationary, the neutral gear engaged améttigine idling;

where the vacuum source is a pump, thedspbtained with the engine running
at 65 per cent of the speed corresponding to itsrman power output; and

where the vacuum source is a pump andrthme is equipped with a governor, the
speed obtained with the engine running at 65 pet oé the maximum speed
allowed by the governor.

Where it is intended to couple to the podmvren vehicle, a trailer whose service
braking system is vacuum-operated, the trailerl db&lrepresented by an energy
storage device having a capacity V in litres deteeat by the formula V = 15 R,
where R is the maximum permissible mass, in tonmeshe axles of the trailer.
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1.2.1.

1.2.1.1.
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1.2.1.2.2.

1.2.2.

C. HYDRAULIC BRAKING SYSTEMS WITH STORED ENERGY

CAPACITY OF ENERGY STORAGE DEVICES (ENERGY
ACCUMULATORS)

General

Vehicles on which operation of the brakiggtem requires the use of stored energy
provided by hydraulic fluid under pressure shalldogiipped with energy storage
devices (energy accumulators) of a capacity meeting requirements of
paragraph 1.2. of this annex (Part C).

However, the energy storage devices shalbaorequired to be of a prescribed
capacity if the braking system is such that inaheence of any energy reserve it is
possible with the service braking system contrch¢bieve a braking performance
at least equal to that prescribed for the seconlaling system.

In verifying compliance with the requiremewnf paragraphs 1.2.1., 1.2.2. and 2.1.
of this annex, the brakes shall be adjusted aselgloas possible and, for
paragraph 1.2.1., the rate of full-stroke actuatishall be such as to provide an
interval of at least 60 seconds between each amtuat

Power-driven vehicles

Power-driven vehicles equipped with a hylicaraking system with stored energy
shall meet the following requirements:

After eight full-stroke actuations of thervice braking system control, it shall still
be possible to achieve, on the ninth applicatiba,gerformance prescribed for the
secondary braking system.

Testing shall be performed in conformiithvthe following requirements:

testing shall commence at a pressuterthg be specified by the manufacturer but
is not higher than the cut-in pressure;

the energy storage device(s) shall motfdd; in addition, any energy storage
device(s) for auxiliary equipment shall be isolated

Power-driven vehicles equipped with a hylicaraking system with stored energy
which cannot meet the requirements of paragrapii.5.2. of this Regulation shall
be deemed to satisfy that paragraph if the follgweguirements are met:
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After any single transmission failure it shall Isbe possible after eight full-stroke
actuations of the service braking system control, achieve, at the ninth
application, at least the performance prescribedHe secondary braking system
or, where secondary performance requiring the fistoced energy is achieved by
a separate control, it shall still be possible raftght full-stroke actuations to
achieve, at the ninth application, the residual fggerance prescribed in
paragraph 5.2.1.4. of this Regulation.

Testing shall be performed in conformity with tleldwing requirements:

with the energy source stationary orraipgy at a speed corresponding to the
engine idling speed, any transmission failure mayinduced. Before inducing
such a failure, the energy storage device(s) dhalat a pressure that may be
specified by the manufacturer but not exceedingthién pressure;

the auxiliary equipment and its enetgyagle devices, if any, shall be isolated.

CAPACITY OF HYDRAULIC FLUID ENERGY SOURCES

The energy sources shall meet the requirensehtsut in the following paragraphs

Definitions

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

"p" represents the pressure after four full-strokeattons with the service braking
system control, starting at,pwithout having fed the energy storage device(s).

"t" represents the time required for thespure to rise fromydo p; in the energy
storage device(s) without application of the senbicaking system control.

Conditions of measurement
During the test to determine the timéné, fieed 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 timertergy storage device(s) for auxiliary
equipment shall not be isolated other than autaalhfi
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2.1.3.

2.1.3.1.

2.1.3.2.

Interpretation of results

In the case of all vehicles except thdseategories M, N, and N, the time t shall
not exceed 20 seconds.

In the case of vehicles of categories Nb and N, the time t shall not exceed
30 seconds.

CHARACTERISTICS OF WARNING DEVICES

With the engine stationary and commencing at agume that may be specified by
the manufacturer but does not exceed the cut-isspre, the warning device shall
not operate following two full-stroke actuations tife service braking system
control.



1.1.

1.1.1.

1.2.

1.3.

2.1

2.2.

2.3.

2.3.1.

E/ECE/324
E/ECE/TRANS/505
Regulation No. 13
page 101

Annex 8

} Rev.1/Add.12/Rev.6

Annex 8

PROVISIONS RELATING TO SPECIFIC CONDITIONS
FOR SPRING BRAKING SYSTEMS

DEFINITION

"Spring braking systerhare braking systems in which the energy requicedraking is
supplied by one or more springs acting as an erstgygge device (energy accumulator).

The energy necessary to compress the Sprimgler to release the brake is supplied and
controlled by the "contrblactuated by the driver (see definition in paratrd.4. of this
Regulation).

"Spring compression chambaneans the chamber where the pressure variatiah th
induces the compression of the spring is actuabdpced.

If the compression of the springs is obtaibgdneans of a vacuum device, "presSure
shall mean negative pressure everywhere in thisxann

GENERAL

A spring braking system shall not be used ssreice braking system. However, in the
event of a failure in a part of the transmissionthe# service braking system, a spring
braking system may be used to achieve the resigeaiormance prescribed in

paragraph 5.2.1.4. of this Regulation provided thatdriver can graduate this action. In
the case of power-driven vehicles, with the exceptf tractors for semi-trailers meeting
the requirements specified in paragraph 5.2.1@f.1his Regulation, the spring braking

system shall not be the sole source of residuditiga Vacuum spring braking systems
shall not be used for trailers.

A small variation in any of the pressure Isnitvhich may occur in the spring
compression chamber feed circuit shall not caus@mificant variation in the braking
force.

The following requirements shall apply to powleven vehicles equipped with spring
brakes:

The feed circuit to the spring compression changbedl either include an own energy
reserve or shall be fed from at least two indepehdaergy reserves. The trailer supply
line may be branched from this feed line underdbedition that a pressure drop in the
trailer supply line shall not be able to apply #peing brake actuators.
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2.3.2.

2.3.3.

2.3.4.

2.4.

2.5.

2.6.

Auxiliary equipment may only draw its energy froietfeed line for the spring brake
actuators under the condition that its operatioendn the event of damage to the energy
source, cannot cause the energy reserve for thiegsprake actuators to fall below a
level from which one release of the spring brakeaors is possible.

In any case, during re-charging of the braking eaysfrom zero pressure, the spring
brakes shall remain fully applied, irrespectivettod position of the control device, until
the pressure in the service braking system isaeffi to ensure at least the prescribed
secondary braking performance of the laden vehicdng the service braking system
control.

Once applied, the spring brakes shall not releasess there is sufficient pressure in the
service braking system to at least provide theqoitesd residual braking performance of
the laden vehicle by application of the servicekimmg control.

In power-driven vehicles, the system shalsbealesigned that it is possible to apply and
release the brakes at least three times if thalirptessure in the spring compression
chamber is equal to the maximum design pressunethd case of trailers, it shall be
possible to release the brakes at least three tiftesthe trailer has been uncoupled, the
pressure in the supply line being 750 kPa befoeeutiicoupling. However, prior to the
check the emergency brake shall be released. Tdwwhtions shall be satisfied when
the brakes are adjusted as closely as possibladdition, it shall be possible to apply
and release the parking braking system as specifiegaragraph 5.2.2.10. of this
Regulation when the trailer is coupled to the taywehicle.

For power-driven vehicles, the pressure in $peng compression chamber beyond
which the springs begin to actuate the brakes,ldtter being adjusted as closely as
possible, shall not be greater than 80 per centhefminimum level of the normal
available pressure.

In the case of trailers, the pressure in the gptmpression chamber beyond which the
springs begin to actuate the brakes shall not bater than that obtained after four full-

stroke actuations of the service braking systenadnordance with paragraph 1.3 of

Part A of Annex 7 to this Regulation. The inimessure is fixed at 700 kPa.

When the pressure in the line feeding eneoyyhe spring compression chamber -
excluding lines of an auxiliary release device gsinfluid under pressure - falls to the
level at which the brake parts begin to move, acapor audible warning device shall
be actuated. Provided this requirement is metwidwming device may comprise the red
warning signal specified in paragraph 5.2.1.29.dflthis Regulation. This provision
does not apply to trailers.
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If a power-driven vehicle authorized to towtrailer with a continuous or semi-
continuous braking system is fitted with a sprimgking system, automatic application
of the said system shall cause application of thiéet's brakes.

AUXILIARY RELEASE SYSTEM

A spring braking system shall be so desighad in the event of a failure in that system,
it is still possible to release the brakes. Thesyrbe achieved by the use of an auxiliary
release device (pneumatic, mechanical, etc.).

Auxiliary release devices using an energy reséoveeleasing shall draw their energy
from an energy reserve which is independent froenethergy reserve normally used for
the spring braking system. The pneumatic or hyldrdluid in such an auxiliary release

device may act on the same piston surface in thagspompression chamber which is
used for the normal spring braking system underctivdition that the auxiliary release
device uses a separate line. The junction oflitéswith the normal line connecting the

control device with the spring brake actuators Ishal at each spring brake actuator
immediately before the port to the spring comp@ssihamber, if not integrated in the
body of the actuator. This junction shall incliaddevice which prevents an influence of
one line on the other. The requirements of pay2.1.6. of this Regulation also
apply to this device.

For the purposes of the requirement of papig3.1. above, components of the braking
system transmission shall not be regarded as dutgefailure if under the terms of
paragraph 5.2.1.2.7. of this Regulation they aré negarded as liable to breakage,
provided that they are made of metal or of a maltdvaving similar characteristics and
do not undergo significant distortion in normalkoray.

If the operation of the auxiliary device reésr to in paragraph 3.1. above requires the
use of a tool or spanner, the tool or spanner sleallept on the vehicle.

Where an auxiliary release system utilizesest@nergy to release the spring brakes the
following additional requirements shall apply:

Where the control of the auxiliary springh® release system is the same as that used for
the secondary/parking brake, the requirements eefim paragraph 2.3. above shall
apply in all cases.

Where the control for the auxiliary springakke release system is separate to the
secondary/parking brake control, the requiremerfsdd in paragraph 2.3. above shall
apply to both control systems. However, the resmaents of paragraph 2.3.4. above
shall not apply to the auxiliary spring brake releasystem. In addition the auxiliary
release control shall be located so that it isqutetd against application by the driver
from the normal driving position.
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3.4. If compressed air is used in the auxiliargask system, the system should be activated
by a separate control, not connected to the sjiake control.
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Annex 9

PROVISIONS RELATING TO PARKING BRAKING SYSTEMS EQBPED WITH A
MECHANICAL BRAKE-CYLINDER LOCKING DEVICE (Lock actators)

DEFINITION

"Mechanical brake-cylinder locking deviceneans a device which ensures braking
operation of the parking braking system by mectlallyidocking the brake piston rod.
Mechanical locking is effected by exhausting thenpoessed fluid held in the locking
chamber; it is so designed that unlocking can Wectfd by restoring pressure in the
locking chamber.

SPECIAL REQUIREMENTS

When the pressure in the locking chamber ambres the level at which mechanical
locking occurs, an optical or audible warning devahall come into action. Provided this
requirement is met, the warning device may comphsered warning signal specified in
paragraph 5.2.1.29.1.1. of this Regulation. Thisvision shall not apply to trailers.

In the case of trailers, the pressure correspgndon mechanical locking shall not
exceed 400 kPa. It shall be possible to achievkima braking performance after any
single failure of the trailer service braking syste In addition, it shall be possible to
release the brakes at least three times afterdilerthas been uncoupled, the pressure in
the supply line being 650 kPa before the uncouplifitnese conditions shall be satisfied
when the brakes are adjusted as closely as paosdibéhall also be possible to apply and
release the parking braking system as specifigoanagraph 5.2.2.10. of this Regulation
when the trailer is coupled to the towing vehicle.

In cylinders equipped with a mechanical logkoevice, movement of the brake piston
shall be ensured by energy from either of two irthejent energy storage devices.

It shall not be possible to release the lodkeake cylinder unless it is certain that after
such release the brake can be applied again.

In the event of a failure of the energy souemding the locking chamber, an auxiliary
release device (e.g. mechanical, or pneumatic whiaf use the air contained in one of the
vehicle's tyres) shall be available.

The control shall be such that, when actuategerforms the following operations in
sequence: it applies the brakes so as to provideddgree of efficiency required for
parking braking, locks the brakes in that positowl then cancels out the brake application
force.
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Annex 10

DISTRIBUTION OF BRAKING AMONG THE AXLES OF VEHICLES
AND REQUIREMENTS FOR COMPATIBILITY BETWEEN
TOWING VEHICLES AND TRAILERS

GENERAL REQUIREMENTS

Vehicles of categoriesMMs, N, O, O3 and Q which are not equipped with an anti-
lock system as defined in Annex 13 to this Regatatghall meet all the requirements
of this annex. If a special device is used, thalloperate automatically.1

However, vehicles — in the above categories, whieh equipped with an anti-lock

system as defined in Annex 13, shall also meetrégeirements of paragraphs 7.

and 8. of this annex if they are in addition fitteith a special automatic device

which controls the distribution of braking among #xles. In the event of failure of

its control, it shall be possible to stop the vehis stipulated under paragraph 6. of
this annex.

Where the vehicle is installed with an eadae braking system, the retarding force
shall not be taken into consideration when detemgithe vehicle performance with
respect to the provisions of this annex.

The requirements relating to the diagrams specifiggaragraphs 3.1.5., 3.1.6., 4.1.,

5.1. and 5.2. of this annex, are valid both foriglels with a pneumatic control line

according to paragraph 5.1.3.1.1. of this Regutasind for vehicles with an electric

control line according to paragraph 5.1.3.1.3.ho$ Regulation. In both cases, the

reference value (abscissa of the diagrams) willthe value of the transmitted

pressure in the control line:

(a) for vehicles equipped according to paragradh35l.1. of this Regulation, this
will be the actual pneumatic pressure in the cotitie (pm);

(b) for vehicles equipped according to paragradh351.3. of this Regulation, this
will be the pressure corresponding to the transwhitligital demand value in the
electric control line, according to ISO 11992:2003.

Vehicles equipped according to paragraph 5.1.3.df2his Regulation (with both
pneumatic and electric control lines) shall sati$fg requirements of the diagrams
related to both control lines. However, identioedking characteristic curves related
to both control lines are not required.

1 In the case of trailers with electronically catlied brake force distribution, the
requirements of this annex shall only apply whea trailer is electrically connected to the
towing vehicle by the ISO 7638:1997 connector.
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1.3. Validation of the development of braking farce

1.3.1. At the time of type approval it shall be cked that the development of braking on an
axle of each independent axle grodsall be within the following pressure ranges:

a) Laden vehicles:

At least one axle shall commence to develop aihgaflorce when the pressure at the
coupling head is within the pressure range 20 KEa.

At least one axle of every other axle group skalhmence to develop a braking
pressure at the coupling head is at a pressti20 kPa.

(b)  Unladen vehicles:

At least one axle shall commence to develop aihgdiorce when the pressure at the
coupling head is within the pressure range 20 KFa.

1.3.1.1. With the wheel(s) of the axle(s) raisefitbé ground and free to rotate, apply an
increasing brake demand and measure the coupliad peessure corresponding to
when the wheel(s) can no longer be rotated by hdrds condition is defined as the
development of the braking force.

1.4. In the case of vehicles of category O withymnatic braking systems, when the
alternative type approval procedure defined in And@ is utilized, the relevant
calculations required in this annex shall be madgngs the performance
characteristics obtained from the relevant Annexdfication reports and the centre
of gravity height determined by the method defimeAnnex 20, Appendix 1.

2. SYMBOLS

axle index (i = 1, front axle; i = 2, secornxa etc.)

P = normal reaction of road surface on axle i urgdatic conditions

Ni = normal reaction of road surface on axle i uritaking

Ti = force exerted by the brakes on axle i under mabbraking conditions on the
road

fi = T/N;, adhesion utilized by axle_i/ 3

J = deceleration of vehicle

g = acceleration due to gravity: g = 9.81Mm/s

2/ In the case of multiple axles, where the axleagris greater than 2.0 m, each individual
axle shall be considered as an independent axiggro

3/  "Adhesion utilization curvésof a vehicle means curves showing, for specifiedd
conditions, the adhesion utilized by each axlettpt against the braking rate of the vehicle.
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z = braking rate of vehicle = J/g 4
P = mass of vehicle
h = height above ground of centre of gravity spediby the manufacturer and

agreed by the Technical Services conducting theospptest

E = wheelbase
k = theoretical coefficient of adhesion betweea® tgnd road
Ke = correction factor: semi-trailer laden
Ky = correction factor: semi-trailer unladen
Tuw = sum of braking forces at the periphery of alleets of towing vehicles for
trailers
Pu = total normal static reaction of road surfacendreels of towing vehicles for
trailers 3
pm = pressure at coupling head of control line
Tr = sum of braking forces at periphery of all whesl¢railer
P = total normal static reaction of road surfaceabbnvheels of trailer 5
Prmax=Vvalue of B at maximum mass of trailer
Er = distance between king-pin and centre of axlextsaof semi-trailer
hrx = height above ground of centre of gravity of sémiler specified by the
manufacturer and agreed by the technical serviorducting the approval
test
3. REQUIREMENTS FOR POWER-DRIVEN VEHICLES
3.1. Two-axled vehicles
3.1.1. For all categories of vehicles for k valbesveen 0.2 and 0.8/ 6
z>0.10+0.85 (k - 0.20)
3.1.2. For all states of load of the vehicle, tliesion utilization curve of the rear axle

shall not be situated above that for the front axle

3.1.2.1.  For all braking rates between 0.15 an@ lh&he case of vehicles of categoryviith
a laden/unladen rear axle loading ratio not exeeedli5 or having a maximum mass
of less than 2 tonnes, in the range of z valuewdsrt 0.3 and 0.45, an inversion of

4/  For semi-trailers, z is the braking force dividadthe static load on the semi-trailer axle(s).

5/ Asreferred to in paragraph 1.4.4.3. of Annep 4his Regulation.

6/ The provisions of paragraphs 3.1.1. or 5.1.1ndbaffect the requirements of Annex 4 to

this Regulation relating to the braking performancelowever, if, in tests made under the

provisions of paragraph 3.1.1. or 5.1.1., brakiaggrmances are obtained which are higher than
those prescribed in Annex 4, the provisions retptm the adhesion utilization curves shall be

applied within the areas of diagrams 1A, 1B andoi¢his annex defined by the straight lines

k=0.8and z=0.8.
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the adhesion utilization curves is permitted predidhat the adhesion utilization
curve of the rear axle does not exceed by more €h@%, the line defined by the
formula k = z (line of ideal adhesion utilizatiandiagram 1A of this annex).

for all braking rates between 0.15 andOOi» the case of other vehicles of
category N, this condition is considered satisfied if, foaking rates between 0.15
and 0.30, the adhesion utilization curves for emdbk are situated between two lines
parallel to the line of ideal adhesion utilizatigiven by the equation k =z3:08 as
shown in diagram 1C of this annex where the adhesiitization curve for the rear
axle may cross the line k =z - 0.08; and compl@sa braking rate between 0.30
and 0.50, with the relation zk-- 0.08; and between 0.50 and 0.61 with the imiat
z>0.5k + 0.21.

for all braking rates between 0.15 an@ th3he case of vehicles of other categories;

This condition is also considered satisfied if, Boaking rates between 0.15 and 0.30,
the adhesion utilization curves for each axle #@wated between two lines parallel to
the line of ideal adhesion utilization given by thguation k = z ©.08 as shown in
diagram 1B of this annex and the adhesion utilimatturve for the rear axle for
braking rates z ®.3 complies with the relation:

z>0.3+0.74 (k -0.38).

In the case of a power-driven vehicle autieorto tow trailers of categorys@r O,
fitted with compressed-air braking systems.

When tested with the energy source stqppedsupply line blocked off, a reservoir
of 0.5 litre capacity connected to the pneumatiatiad line, and the system at cut-in
and cut-out pressures, the pressure at full agjgicaf the braking control shall be
between 650 and 850 kPa at the coupling headsed$upply line and the pneumatic
control line, irrespective of the load conditiontbé vehicle.

For vehicles equipped with an electrictanine, a full application of the control of
the service braking system shall provide a digiinand value corresponding to a
pressure between 650 and 850 kPa (see ISO 119%3:200

These values shall be demonstrably preserthe power-driven vehicle when
uncoupled from the trailer. The compatibility banish the diagrams specified in
paragraphs 3.1.5., 3.1.6., 4.1., 5.1. and 5.2hisf annex, should not be extended
beyond 750kPa and/or the corresponding digital af&n value
(see 1ISO 11992:2003).
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3.1.3.4.

3.1.4.

3.1.4.1.

3.1.4.1.1.

3.1.4.1.2.

3.1.4.2.

3.1.4.3.

3.1.4.3.1.

It shall be ensured that at the coupliegdhof the supply line, a pressure of at
least 700 kPa is available when the system is taincpressure. This pressure shall
be demonstrated without applying the service brakes

Verification of the requirements of paragra.1.1. and 3.1.2.
In order to verify the requirements ofgmaphs 3.1.1. and 3.1.2. of this annex, the

manufacturer shall provide the adhesion utilizattarves for the front and rear axles
calculated by the formulae:

_ T2 _ T>
fz—W——h
2 P2-Z.E.P.g

The curves shall be plotted for both the followlagd conditions:

unladen, in running order with the driea board; in the case of a vehicle
presented as a chassis-cab, a supplementary logpdenadded to simulate the
mass of the body, not exceeding the minimum maskuae by the manufacturer
in Annex 2 to this Regulation;

laden; where provision is made for savpossibilities of load distribution, the
one whereby the front axle is the most heavily thesleall be the one considered.

If it is not possible, for vehicles withefmanent) all-wheel drive, to carry out the
mathematical verification pursuant to paragraph43ll, the manufacturer may

instead verify by means of a wheel lock sequenstttat, for all braking rates

between 0.15 and 0.8, lockup of the front wheelsucx either simultaneously

with or before the lockup of the rear wheels.

Procedure to verify the requirements ohgeaph 3.1.4.2.
The wheel lock sequence test shall bedwded on road surfaces with a

coefficient of adhesion of not more than 0.3 analodut 0.8 (dry road) from the
initial test speeds specified in paragraph 3.124.3.
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Test speeds:

60 km/h, but not exceeding 0.8.yfor decelerations on low coefficient of friction
road surfaces;
80 km/h, but not exceeding,x for decelerations on high coefficient of friction
road surfaces.

The pedal force applied may exceed émmigsible actuation forces pursuant to
Annex 4, paragraph 2.1.1.

Pedal force is applied and increased that the second wheel on the vehicle will
reach lockup between 0.5 and 1 s after initiatihg brake application, until
lockup of both wheels on one axle occurs (addifirteeels may also lock during
the test, e.g. in the case of simultaneous lockup).

The tests prescribed in paragraph 3.1sha&l be carried out twice on each road
surface. If the result of one test fails, a thindnce decisive test shall be carried
out.

For vehicles fitted with an electric regextive braking system of category B,
where the electric regenerative braking capaciigflsenced by the electric state
of charge, the curves shall be plotted by takingpant of the electric regenerative
braking component under the minimum and maximumditmms of delivered
braking force. This requirement is not applicaibléhe vehicle is equipped with
an anti-lock device which controls the wheels cate@ to the electric
regenerative braking and shall be replaced bydfairements of Annex 13.

Towing vehicles other than tractors for séwaiers

In the case of a power-driven vehicle autled to tow trailers of category;O

or O, fitted with a compressed air braking system, teempssible relationship
between the braking rateyMPy and the pressurenpshall lie within the areas
shown on diagram 2 of this annex for all pressbetaieen 20 and 750 kPa.

Tractors for semi-trailers

Tractors with unladen semi-trailer. Aragen combination is understood to be a
tractor in running order, with the driver on boactupled to an unladen semi-
trailer. The dynamic load of the semi-trailer be tractor shall be represented by
a static mass Anounted at the fifth wheel coupling equal to 15 pent of the
maximum mass on the coupling. The braking forchall scontinue to be
regulated between the state of the "tractor witladen semi-trailer” and that of
the "tractor alone"; the braking forces relatingth® "tractor alone" shall be
verified.
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3.1.6.2.

3.1.6.3.

3.2.

Tractors with laden semi-trailer. A ladesmbination is understood to be a
tractor in running order, with the driver on boacdupled to a laden semi-trailer.
The dynamic load of the semi-trailer on the tractuall be represented by a static
mass Pmounted at the fifth wheel coupling equal to:

Ps = Py (1 + 0.452)

where:
Pso represents the difference between the maximumnladass of the tractor
and its unladen mass.

For h the following value shall be taken:

h=h0-P0+hs-Ps
P

where:

h, is the height of the centre of gravity of the toag

hs is the height of the coupling on which the serailér rests;
P, is the unladen mass of the tractor alone

and:

P=p,+p, = T2

In the case of a vehicle fitted with a poessed air braking system, the
permissible relationship between the braking ratéP and the pressure,shall
be within the areas shown on diagram 3 of this arfoeall pressures between 20
and 750 kPa.

Vehicles with more than two axles.

The requirements of paragraph 3.1. of this anhal apply to vehicles with more
than two axles. The requirements of paragrapl23af.this annex with respect to
wheel lock sequence shall be considered to be fimetthe case of braking rates
between 0.15 and 0.30, the adhesion utilized Hgast one of the front axles is
greater than that utilized by at least one of &ar axles.
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REQUIREMENTS FOR SEMI-TRAILERS
For semi-trailers fitted with compressed-aaking systems:

The permissible relationship between théibgarate &/Pr and the pressurenp
shall lie within two areas derived from diagrams 4Ad 4B for all pressures
between 20 and 750 kPa, in both the laden and enlattes of load. This

requirement shall be met for all permissible loashditions of the semi-trailer
axles.

If the requirements of paragraph 4.1.1. log tannex cannot be satisfied in
conjunction with the requirements of paragraph231l. of Annex 4 to this
Regulation for semi-trailers with acKactor less than 0.80, then the semi-trailer
shall meet the minimum braking performance spetifie paragraph 3.1.2.1. of
Annex 4 to this Regulation and be fitted with ati-éotk system complying with

Annex 13 to this Regulation, except the compatipilequirement in paragraph 1
of that annex.

REQUIREMENTS FOR FULL AND CENTRE-AXLE TRAILERS
For full trailers fitted with compressed-aiaking systems:
For full trailers with two axles the followg requirements apply:

For k values between 0.2 and 0/8: 6
z>20.1+0.85(k—-0.2)

For all states of load of the vehicle, dddesion utilization curve of the rear axle
shall not be situated above that for the front &odeall braking rates between 0.15
and 0.30. This condition is also considered datisfif, for braking rates
between 0.15 and 0.30, the adhesion utilizationesifor each axle are situated
between two lines parallel to the line of ideal esibn utilization given by the
equations k =z + 0.08 and k = z - 0.08 as showdiagram 1B of this annex and

the adhesion utilization curve for the rear axledoaking rates z 8.3 complies
with the relation

2> 0.3 +0.74 (k — 0.38).

For the verification of the requirementsparagraphs 5.1.1.1. and 5.1.1.2. the
procedure should be as that in the provisions cigraph 3.1.4.

For full trailers with more than two axlé® trequirements of paragraph 5.1.1. of
this annex shall apply. The requirements of paly5.1.1. of this annex with
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5.1.3.

5.2.

5.2.1.

5.2.2.

7.1.

7.1.1.

respect to wheel lock sequence shall be considerde met if, in the case of
braking rates between 0.15 and 0.30, the adhegilired by at least one of the
front axles is greater than that utilized by asteane of the rear axles

The permissible relationship between thdibgarate &/Pr and the pressure,p
shall lie within the designated areas in diagraof 2his annex for all pressures
between 20 and 750 kPa, in both the laden and enlathtes of load.

For centre-axle trailers fitted with compress# braking systems:

The permissible relationship between théibgarate &/Pr and the pressurenp
shall lie within two areas derived from diagramf2tes annex, by multiplying the
vertical scale by 0.95. This requirement shallveg at all pressures between 20
and 750 kPa, in both the laden and unladen stateaa

If the requirements of paragraph 3.1.2.1Amfiex 4 to this Regulation cannot be
satisfied due to lack of adhesion, then the ceamtte-trailer shall be fitted with an
anti-lock system complying with Annex 13 to thisgréation.

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

When the requirements of this annex are fulfilgdmeans of a special device
(e.g. controlled mechanically by the suspensionthad vehicle), it shall be
possible, in the event of the failure of its cohtto stop the vehicle under the
conditions specified for secondary braking in tlasec of power-driven vehicles;
for those power-driven vehicles authorized to towader fitted with compressed-
air braking systems, it shall be possible to aahi@\pressure at the coupling head
of the control line within the range specified iaragraph 3.1.3. of this annex. In
the event of failure of the control of the device wailers, a service braking
performance of at least 30 per cent of that prbsdrifor the vehicle in question
shall be attained.

MARKINGS

Vehicles which meet the requirements of thimex by means of a device
mechanically controlled by the suspension of thaale, shall be marked to show
the useful travel of the device between the passticorresponding to vehicle
unladen and laden states, respectively, and atlyeiumformation to enable the
setting of the device to be checked.

When a brake load sensing device is conttalia the suspension of the vehicle
by any other means, the vehicle shall be marketl imtormation to enable the
setting of the device to be checked.
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When the requirements of this annex are metmaans of a device which
modulates the air pressure in the brake transmistie vehicle shall be marked
to show the axle loads at the ground, the nomin#lebpressures of the device
and an inlet pressure of not less than 80 per aktite maximum design inlet
pressure, as declared by the vehicle manufactiorethe following states of load:

technically permissible maximum axle load tlee axle(s) which control(s) the
device;

axle load(s) corresponding to the unladessnad the vehicle in running order as
stated in paragraph 13. of Annex 2 to this Regureti

The axle load(s) approximating to the vehigith proposed bodywork in running
order where the axle load(s) mentioned in paragrap!2. of this annex relate(s)
to the vehicle chassis with cab;

The axle load(s) designated by the manufacta enable the setting of the device
to be checked in service if this is (these arefeddint from the loads specified in
paragraphs 7.2.1. to 7.2.3. of this annex.

Paragraph 14.7. of Annex 2 to this Regulasioall include information to enable
compliance with the requirements of paragraphsanhdl.7.2. of this annex to be
checked.

The markings referred to in paragraphs 7.d.7a8. of this annex shall be affixed
in a visible position in indelible form. An exareplof the markings for a
mechanically controlled device in a vehicle fitteith compressed-air braking
system is shown in diagram 5 of this annex.

Electronically controlled brake force disttiiom systems that cannot fulfil the
requirements of paragraphs 7.1., 7.2., 7.3. and d@béve shall have a self
checking procedure of the functions which influethcake force distribution. In

addition, when the vehicle is stationary, it shedlpossible to carry out the checks
defined in paragraph 1.3.1. above, by generatiegrthminal demand pressure
associated with the commencement of braking foh libe laden and unladen
conditions.

VEHICLE TESTING

At the time of type approval, the technical seavétall verify conformity with the
requirements contained within this annex and castt any further tests
considered necessary to this end. The reportyflather tests shall be appended
to the type approval report.
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DIAGRAM 1A

CERTAIN VEHICLES OF CATEGORY N
(see paragraph 3.1.2.1. of this annex)
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DIAGRAM 1B

VEHICLES OTHER THAN THOSE OF CATEGORY NAND FULL TRAILERS
k(i) (see paragraphs 3.1.2.3. and 5.1.1.2. of this gnnex
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Note The lower limit k = z - 0.08 is not applicable the adhesion utilization of the rear axle.
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DIAGRAM 1C

k(D) VEHICLES OF CATEGORY N
|

(with certain exceptions after 1 October 199d)
T (see paragraph 3.1.2.2. of this annex) 'M€X
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Note The lower limit k = z - 0.08 is not applicable fitne adhesion utilization of the rear axle.
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DIAGRAM 2

TOWING VEHICLES AND TRAILERS
(except tractors for semi-trailers and semi-trajler

(see paragraph 3.1.5.1. of this annex)
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Note The relationships required by the diagram shily progressively for intermediate states
of loading between the laden and the unladen statgshall be achieved by automatic means.
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DIAGRAM 3

i

<
<

TRACTORS FOR SEMI-TRAILERS
(see paragraph 3.1.6.3. of this annex)
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Note The relationships required by the diagram stuafily progressively for intermediate states
of loading between the laden and the unladen stagshall be achieved by automatic means.
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DIAGRAM 4A

SEMI-TRAILERS
(see paragraph 4. of this annex)
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Note The relation between the braking ratéPr and the control line pressure for the laden and
unladen conditions is determined as follows:

The factors K (laden), K (unladen) are obtained by reference to diagram A& determine the
areas corresponding to the laden and unladen eomslithe values of the ordinates of the upper
and lower limits of the hatched area in diagram a& multiplied by the factors Kand K,
respectively.
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DIAGRAM 4B
(see paragraph 4. and diagram 4A of this annex)
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EXPLANATORY NOTE ON THE USE OF DIAGRAM 4B

Formula from which diagram 4B is derived:

K Pw} [1.35 0.96(1,0+(hR -1,2)9_-F’H -[mi} [nel)
PRmax ER PR PRmaX 25

Description of method of use with practical exden

The broken lines shown on diagram 4B refethto determination of the factors, K

and K, for the following vehicle, where:

Laden Unladen
P 24 tonnes (240 kN) 4.2 tonnes (42 kN)
Pr 150 kN 30 kN
Prmax 150 kN 150 kN
hr 1.8m 1.4m
Er 6.0m 6.0m

In the following paragraphs the figures in parests relate only to the vehicle being

used for the purpose of illustrating the methodsihg diagram 4B.

(a) {
=)

(b) {g—} unladen(=1.4)

R

Calculation of ratios

P

(o]

} laden (=1.6)

2|
pe)

© {i} unladen(= 0.2)

Rmax

Determination of the correction factor whetea, K

(@) Start at the appropriate value gf(hg = 1.8 m)
(b) Move horizontally to the appropriatePghk line (g° P/Rz = 1.6)
(c) Move vertically to the appropriate line (Er = 6.0 m)

(d) Move horizontally to the Kscale; k is the laden correction factor required

(Kc = 1.04)
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2.4. Determination of the correction factor whetaden, K;:
2.4.1. Determination of the factonLK

(@) Start at appropriatetihg = 1.4 m)

(b) Move horizontally to the appropriatex/Prmax line in the group of curves
nearest to vertical axis gfPrmax = 0.2)

(c) Move vertically to the horizontal axis and reaif the value ofk
(Kz =0.13 m)

2.4.2. Determination of the facton K

(a) Start at the appropriate value af(hg = 1.4 m)

(b) Move horizontally to the appropriatePghk line (gP/Rz = 1.4)

(c) Move vertically to the appropriate;line (Ex = 6.0 m)

(d) Move horizontally to the appropriatex/Prmax line in the group of curves

furthest from the vertical axis gAPrmax = 0.2)

(e) Move vertically to the horizontal axis and redfithe value of K (K; = 1.79).
2.4.3. Determination of the factok K

The unladen correction factox,/Ks obtained from the following expression:

K\/ = K1 - Kz (KV = 166)
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DIAGRAM 5

BRAKE LOAD SENSING DEVICE
(see paragraph 7.4. of this annex)

Control data Vehicle | Axle No. 2 |Inlet pressur¢ Nominal outlet
loading load at the [kPa] pressure
ground [kPa]
[daN]
Laden Laden 10 000 600 600
Unladen 1500 600 240
¥
L
F=100 mm
L=150 mm Unladen




E/ECE/324
E/ECE/TRANS/505

} Rev.1/Add.12/Rev.6

Regulation No. 13
page 126
Annex 11

Annex 11

CASES IN WHICH TYPE-I AND/OR TYPE-II (OR TYPE-IIADR TYPE-III TESTS

1.1

1.1.1.

1.1.2.

1.2.

1.3.

1.3.1.

1.3.2.

DO NOT HAVE TO BE CARRIED OUT

Type-l and/or Type-Il (or Type-llIA) or Type-ltiests need not be performed on a
vehicle submitted for approval in the following eas

The vehicle concerned is a power-driven veharl a trailer which, as regards tyres,
braking energy absorbed per axle, and mode of fiftiteg and brake assembly, is
identical with respect to braking with a power-@émwvwehicle or a trailer which:

has passed the Type-I and/or Type-Il (oreFjp) or Type-ll test; and

has been approved, with regard to the bga&iergy absorbed, for mass per axle not
lower than that of the vehicle concerned.

The vehicle concerned is a power-driven vehicla trailer whose axle or axles are, as
regards tyres, braking energy absorbed per axké,namde of tyre fitting and brake
assembly, identical with respect to braking with arle or axles which have
individually passed the Type-I and/or Type-II (orpE-11A) or Type-Ill test for masses
per axle not lower than that of the vehicle conedrrprovided that the braking energy
absorbed per axle does not exceed the energy auokspdn axle in the reference test or
tests carried out on the individual axle.

The vehicle concerned is equipped with an emhe braking system, other than the
engine brake, identical with an endurance brakigsfesn already tested under the
following conditions:

the endurance braking system shall, byf,tsela test carried out on a gradient of at
least 6 per cent (Type-Il test) or of at least 7 qent (Type-llA test), have stabilized a
vehicle whose maximum mass at the time of thewast not less than the maximum
mass of the vehicle submitted for approval,

it shall be verified in the above test tiiet rotational speed of the rotating parts of the
endurance braking system, when the vehicle sulunftte approval reaches a road

speed of 30 km/h, is such that the retarding torgunt less than that corresponding to
the test referred to in paragraph 1.3.1. above.
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The vehicle concerned is a trailer equippeith wir operated S-cam or disc brakés 1
which satisfies the verification requirements ofp&pdix 2 to this annex relative to the
control of characteristics compared to the charaties given in a report of a
reference axle test as shown in Appendix 3 toghisex.

The term "identical", as used in paragraphs 1.2. and 1.3. above, means identical as
regards the geometric and mechanical characteristid the materials used for the
components of the vehicle referred to in those gragzhs.

Where the foregoing requirements are applie®d dommunication concerning
approval (Annex 2 to this Regulation) shall inclule following particulars:

In the case under paragraph 1.1., the appravaber of the vehicle subjected to the
Type-l and/or Type-II (or Type-IlIA) or Type-lll tésf reference shall be entered.

In the case under paragraph 1.2., Table | ppeAdix 1 to this annex shall be
completed,;

In the case under paragraph 1.3., Table IAgpendix 1 to this annex shall be
completed.

If paragraph 1.4. is applicable, Table Il Appendix 1 to this annex shall be
completed.

Where the applicant for approval in a countrytyfPéo the Agreement applying this
Regulation refers to an approval granted in anotoemtry Party to the Agreement
applying this Regulation, he shall submit the doentation relating to that approval.

1Y  Other brake designs may be approved upon prasentd equivalent information.
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Annex 11 - Appendix 1

Annex 11 - Appendix 1

Table |
Axles of the vehicle Reference axles
Mass per | Braking Speed Mass pel  Braking Speed
axle I |[force neede axle ¥ force
at wheels developed 3
wheels
N Km/h kg N km/h
Axle 1
Axle 2
Axle 3
Axle 4
Table 1l
Total mass of the vehicle submitted for approval............cccoooveeviiiiiiiiiii e, kg
Braking force needed at Wheels ..............cciiiiiiiiiiiiii e N
Retarding torque needed at main shaft of enduraradéng system....................coouue.... N1
Retarding torque obtained at main shaft of endwgdmaking system
(Clelelo] (o [1a e toTo [F=To = U o) RSP Nm

1  Technically permissible maximum mass per axle.
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REFERENCE AXLE ....................REPORT NO. ............ Date .................
(copy attached)
Type-I| Type-lll
Brake force per axle (N)
(see paragraph 4.2.1., Appendix 2)
Axle 1 T = % R2/ T1 =.... %R
Axle 2 T, = %R T, =.... %R
Axle 3 T3 = % R T3 =.... % R
Predicted actuator stroke (mm)
(see paragraph 4.3.1.1., Appendix 2
Axle 1 S = S =....
Axle 2 S = S =....
Axle 3 S3 = S3 = ...
Average output thrust (N)
(see paragraph 4.3.1.2., Appendix 2
Axle 1 ThA]_ = e ThAl =
Axle 2 ThAz = e ThAz =
Axle 3 ThA3 = e ThA3 =
Braking performance (N)
(see paragraph 4.3.1.4., Appendix 2
Axle 1 T, = T, = ...
Axle 2 T, = Ts = ...
Axle 3 Ts = e T3 = ...
Type-0 subject Type-l Type-lll
trailer test result hot hot
(E) (predicted) (predicted)
Braking performance of vehicle
(see paragraph 4.3.2., Appendix 2)
Hot braking requirements >0.36 >0.40
(see paragraphs 1.5.3., 1.6.3. and 1|7.2. and and
of Annex 4) >0.60 E >0.60 E

2/  Peis the normal static reaction or the road surfatéhe corresponding Reference Axle.



E/ECE/324
E/ECE/TRANS/505

} Rev.1/Add.12/Rev.6

Regulation No. 13
page 130
Annex 11 - Appendix 2

1.1

1.2.

1.2.1.

1.3.

1.4.

1.4.1.

Annex 11 - Appendix 2

ALTERNATIVE PROCEDURES FOR TYPE-I AND TYPE-IIl TESS
FOR TRAILER BRAKES

GENERAL

In accordance with paragraph 1.4. of this anmlee Type-lI or Type-lll test may be
waived at the time of type approval of the vehiplevided that the braking system
components comply with the requirements of thisemgix and that the resulting
predicted braking performance meets the requiresnait this Regulation for the
appropriate vehicle category.

Tests carried out in accordance with the nusthdetailed in this appendix shall be
deemed to meet the above requirements.

Tests carried out according to paragraphl3.6f this appendix from and including
Supplement 7 to the 09 series of amendments, whérke positive, are deemed to fulfil
the provisions of paragraph 3.5.1. of this apperaliXiast amended. If use is made of this
alternative procedure, the test report shall maference to the original test report from
which the test results are taken for the new upbieport. However, new tests have to be
carried out to the requirements of the latest areénersion of this Regulation.

Tests carried out in accordance with paragrash of this appendix and the results
reported in section 2 of Appendix 3 or Appendixhtls be acceptable as a means of
proving compliance with the requirements of parpré.2.2.8.1. of this Regulation.

The adjustment of the brake(s) shall, prioth®s Type-IIl test below, be set according to
the following procedures as appropriate:

In the case of air operated trailer brakel®) adjustment of the brakes shall be such as to
enable the automatic brake adjustment device totifum For this purpose the actuator
stroke shall be adjusted to:

9> 1.1 XSe-adiust  (the upper limit shall not exceed a value recomnaenily
the manufacturer),
where:
Se-adiust 1S the re-adjustment stroke according to the $igation of the manufacturer of
the automatic brake adjustment device, i.e. thakefrwhere it starts to re-adjust
the running clearance of the brake with an actyatessure of 100 kPa.

Where, by agreement with the Technical Servicis,impractical to measure the actuator
stroke, the initial setting shall be agreed with Trechnical Service.
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From the above condition the brake shall be opdrawith an actuator pressure
of 200 kPa, 50 times in succession. This shafolewed by a single brake application
with an actuator pressure 0680 kPa.

In the case of hydraulically operated tradésc brakes no setting requirements are
deemed necessary.

In the case of hydraulically operated tradeum brakes the adjustment of the brakes
shall be as specified by the manufacturer.

In the case of trailers equipped with automiatake adjustment devices the adjustment of
the brakes shall, prior to the Type-I test below,sket according to the procedure as laid
down in paragraph 1.4. above.

SYMBOLS AND DEFINITIONS

normal reaction of road surface on the axeustatic conditions
brake input torque

maximum permissible brake input torque

brake input threshold torque, i.e., minimum infmrque necessary to produce
a measurable output torque

tyre rolling radius (dynamic)

brake force at tyre/road interface

brake torque = T.R

braking rate = T/P or M/RP

actuator stroke (working stroke plus freeksjo

see Annex 19, Appendix 7

see Annex 19, Appendix 7

lever length

radius of brake drums

p brake actuation pressure

Note: The reference brake symbols shall havetiffix "e"

OO0

3
D
3

L ONZHD 9
TRTRRTINT

— -
=4

=
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Thrust
A
Th
A N
90 %Th
A
>
0 1/3 Smax 213 Snax P s Stroke
max
3. TEST METHODS
3.1 Track tests
3.1.1. The brake performance tests should prefetabtarried out on a single axle only.
3.1.2. The results of tests on a combination oésxhay be used in accordance with

paragraph 1.1. of this annex provided that eacle awintributes equal braking
energy input during the drag and hot brake tests.

3.1.2.1. This is ensured if the following are ideal for each axle: braking geometry,
lining, wheel mounting, tyres, actuation and presglistribution in the actuators.

3.1.2.2. The documented result for a combinatioraxies will be the average for the
number of axles, as though a single axle had bsed. u

3.1.3. The axle(s) should preferably be loaded #ithmaximum static axle load, though
this is not essential provided that due allowarscenade during the tests for the
difference in rolling resistance caused by a déifé¢load on the test axle(s).

3.1.4. Allowance shall be made for the effect & thcreased rolling resistance resulting
from a combination of vehicles being used to carrthe tests.
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3.1.5. The initial speed of the test shall be thascribed. The final speed shall be
calculated by the following formula:

_ P0+P1
V2—V11/—
P0+P1+P2

where:
vy = initial speed (km/h)
v, =  final speed (km/h)
Po= mass of the towing vehicle (kg) under test coons
P = part of the mass of the trailer borne by therakéd axle(s) (kg)
P, = part of the mass of the trailer borne by th&kédaaxle(s) (kg).
3.2. Inertia dynamometer tests
3.2.1. The test machine shall have a rotary insitraulating that part of the linear inertia

of the vehicle mass acting upon one wheel, necgésathe cold performance and
hot performance tests, and capable of being opkrateconstant speed for the
purpose of the test described in paragraphs 3ab®3.5.3. of this appendix.

3.2.2. The test shall be carried out with a conepletheel, including the tyre, mounted on
the moving part of the brake, as it would be onwbbkicle. The inertia mass may
be connected to the brake either directly or vaatyines and wheels.

3.2.3. Air cooling at a velocity and air flow ditean simulating actual conditions may be
used during the heating runs, the speed of thitoairbeing

Vair = 033 \'

where:
v = vehicle test speed at initiation of braking.

The temperature of the cooling air shall be théiant temperature.
3.2.4. Where the tyre rolling resistance is nobmatically compensated for in the test,

the torque applied to the brake shall be modifigddbtracting a torque equivalent
to a rolling resistance coefficient of 0.01.
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3.3.

3.3.1.
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3.3.3.

3.4.

3.4.1.

3.4.1.1.

3.4.1.2.

3.4.1.3.

3.4.1.4.

3.4.15.

3.5.

3.5.1.

Rolling road dynamometer tests

The axle should preferably be loaded with tiaximum static axle mass though
this is not essential provided that due allowarscenade during the tests for the
difference in rolling resistance caused by a déiférmass on the test axle.

Air cooling at a velocity and air flow ditean simulating actual conditions may be
used during the heating runs, the speed of thitoairbeing

Vair = 033 \Y
where:
v = vehicle test speed at initiation of braking.
The temperature of the cooling air shall be thbiant temperature.
The braking time shall be 1 second afteaaimum build-up time of 0.6 second.

Test conditions

The test brake(s) shall be instrumentedabthe following measurements can be
taken:

A continuous recording to enable the bitakgue or force at the periphery of the
tyre to be determined.

A continuous recording of air pressuréhabrake actuator.

Vehicle speed during the test.

Initial temperature on the outside ofltheke drum or brake disc.
Brake actuator stroke used during TypaeDTaype-I or Type-lll tests.
Test procedures

Supplementary cold performance test

The preparation of the brake shall be in accordawith paragraph 4.4.2. of
Annex 19 of this Regulation.

In the case, that the verification of the braketda B- and brake threshold torque
has been carried out according to paragraph 4oft 8nnex 19 of this Regulation,
the bedding in procedure for the supplementary qg@dormance test shall be
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identical with the procedure used for the verifimataccording to paragraph 4.4.3.
of Annex 19.

It is permissible to carry out the cold performanests after the verification for the
brake factor Bin accordance with paragraph 4. of Annex 19 of Begulation.

It is also permissible to carry out the two fadsts, Type-l and Type- Ill, one after
the other.

Some brake applications according to Annex 19agraph 4.4.2.6. may be done
between each of the fade tests, and between thiéicaton and the cold
performance tests. The quantity of applicationsoidoe declared by the brake
manufacturer.

This test is carried out at an initial egpequivalent to 40 km/h in the case of
Type-l test and 60 km/h in the case of Type-llit tesorder to evaluate the hot
braking performance at the end of Type-l and Tylpe¢ests. The Type-lI and/or
Type-lll fade test has/have to be done immediadéiyr this cold performance test.

Three brake applications are made atdhee gressure (p) and at an initial speed
equivalent to 40 km/h (in the case of Type-l temt)60 km/h (in the case of
Type-lll test), with an approximately equal initiddrake temperature not
exceeding 100 °C, measured at the outside surfadbeodrums or discs. The
applications shall be at the brake actuator pressquired to give a brake torque
or force equivalent to a braking rate (z) of astes0 per cent. The brake actuator
pressure shall not exceed 650 kPa, and the brake tarque (C) shall not exceed
the maximum permissible brake input torquen{lC The average of the three
results shall be taken as the cold performance.

Fade test (Type-I test)

This test is carried out at a speed etpnvao 40 km/h with an initial brake
temperature not exceeding 100 °C, measured atutstde surface of the drum or
brake disc.

A braking rate is maintained at 7 per cantluding the rolling resistance (see
paragraph 3.2.4. of this appendix).

The test is made during 2 minutes ande®®rsds or during 1.7 km at a vehicle
speed of 40 km/h. If the test velocity cannot beieved, then the duration of the
test can be lengthened according to paragraph.2.5& Annex 4 to this
Regulation.
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3.5.2.4. Not later than 60 seconds after the entdlefType-I test, a hot performance test is
carried out in accordance with paragraph 1.5.Rrofex 4 to this Regulation at an
initial speed equivalent to 40 km/h. The brakeiatdr pressure shall be that used
during the Type-0 test.

3.5.3. Fade test (Type-lIl test)

3.5.3.1. Test methods for repeated braking

3.5.3.1.1.  Track tests (see Annex 4, paragraph 1.7)

3.5.3.1.2. Inertia dynamometer test

For the bench test as in Annex 11, Appendix 2agaph 3.2. the conditions may
be as for the road test according to paragraph.lwith:

v _\1
, =—
2

3.5.3.1.3. Rolling road dynamometer test

For the bench test as in Annex 11, Appendix 2agraph 3.3., the conditions shall

be as follows:
Number of brake applications 20
Duration of braking cycle
(braking time 25 s and recovery time 35 s) 60 s
Test speed 30 km/h
Braking rate 0.06
Rolling resistance 0.01
3.5.3.2. Not later than 60 seconds after the erileofype-Ill test a hot performance test is

carried out in accordance with paragraph 1.7.Arofex 4 to this Regulation. The
brake actuator pressure shall be that used duradype-0 test.

3.6. Performance requirements for automatic brakestment devices
3.6.1. The following requirements shall apply to aromatic brake adjustment device
which is installed on a brake, the performance bictv is being verified according

to the provisions of this appendix.

On completion of the tests defined in paragrapbs23t. (Type-l test) or 3.5.3.2
(Type-lll test) above, the requirements of paragra6.3. below shall be verified.
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The following requirements shall apply to afternative automatic brake
adjustment device installed on a brake for whichAppendix 3 test report already

exists.

Brake performance

Following heating of the brake(s) carried out st@dance with the procedures
defined in paragraphs 3.5.2. (Type-I test) or 3(@¥e-lll test), as appropriate,

one of the following provisions shall apply:
a) The hot performance of the service brakingesysshall be 80 per cent of

the prescribed Type-0 performance; or
b) The brake shall be applied with a brake actuptessure as used during the
Type-0 test; at this pressure the total actuatokst(s) shall be measured and

shall be <0.9 g value of the brake chamber.

S = The effective stroke means the stroke at whiehdutput thrust is 90 per cent
of the average thrust (Eh- see paragraph 2. of Annex 11 - Appendix 2 t® th

Regulation.

On completion of the tests defined in geaph 3.6.2.1. above the requirements of
paragraph 3.6.3. below shall be verified.

Free running test

After completing the tests defined in paragraph8.13 or 3.6.2. above, as

applicable, the brake(s) shall be allowed to co@ temperature representative of a

cold brake (i.e._<00 °C) and it should be verified that the traidreel(s) is

capable of free running by fulfilling one of thdléwing conditions:

(&) Wheels are running freely (i.e. wheels candvated by hand).

(b) It is ascertained that at a constant speedvaigat to v = 60 km/h with the
brake(s) released the asymptotic temperature siwllexceed a drum/disc
temperature increase of 80 °C, then this resideeomoment is regarded as

acceptable.”

Test report

The result of tests carried out in accordanith paragraphs 3.5. and 3.6.1. of this
appendix shall be reported on a form, a model atkwis shown in Appendix 3 to

this annex.

The brake and the axle shall be identiffeatticulars of the brakes, the axle, the
technically permissible mass and the number ottveesponding Appendix 3 test
report shall be marked on the axle.
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3.7.3. In the case of a brake installed with aeralitive brake adjustment device the
results of tests carried out in accordance withagaaph 3.6.2. of this appendix
shall be reported on a form a model of which isrgh@n Appendix 4 to this annex.

4, VERIFICATION

4.1. Verification of components
The brake specification of the vehicle to be tymproved shall be verified by
satisfying each of the following design criteria:

Item Criteria
4.1.1. a) Brake drum cylindrical section No change allowed
b)  Brake drum or brake disc material No change allowed
c) Brake drum or brake disc mass May increase up to + 20 per cent
from the reference drum or disc m
4.1.2. a) Proximity of wheel to outside surface of |Tolerances to be determined by th
brake drum or outside diameter of brake {Technical Service conducting the
(dimension E) tests.
b) Part of brake drum or brake disc not covered
by wheel (dimension F)
4.1.3. a) Brake lining or brake pad material )
b) Brake lining or brake pad width )
c) Brake lining or brake pad thickness )
d) Brake lining or brake pad actual surface gré change allowed
e) Brake lining or brake pad method of )
attachment )
4.1.4. Brake geometry (As in Fig.2A or 2B of No change allowed
Appendix 3 as appropriate)
May change subject to the
4.1.5. Tyre rolling radius (R) requirements of para. 4.3.1.4. of this
appendix
4.1.6. a) Average thrust (Tl May change provided that the
b)  Actuation stroke (s) predicted performance meets the
c) Actuation lever length (1) requirements of para. 4.3. of this
d)Actuation pressure (p) appendix
4.1.7. Static mass (P) P shall not excegddee para. 2.)
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Verification of brake energy absorbed

The brake forces (T) for each subject b(édethe same control line pressurg) p
necessary to produce the drag force specified &din Bype-I and Type-Ill test
conditions shall not exceed the valuesab stated in Annex 11 — Appendix 3,
paragraphs 2.1. and 2.2., which were taken asia fmasthe test of the reference
brake.

Verification of hot performance
The brake force (T) for each subject brate & specified pressure (p) in the
actuators and for a control line pressurg)(psed during the Type-0 test of the

subject trailer is determined as follows:

The predicted actuator stroke (s) of thgext brake is calculated as follows:

S:I.§

le

This value shall not exceed.s Where s has been verified and reported in
accordance with the procedure defined in item Arofex 19 to this Regulation and
may only be applied within the pressure range @Ewrin paragraph 3.3.1. of the
test report defined in Appendix 1 of Annex 19.

The average thrust output {Ylof the actuator fitted to the subject brake a& th
pressure specified in paragraph 4.3.1. above isuned.

The brake input torque (C) is then catedlas follows:
C=Thy I
C shall not exceed G«

The predicted brake performance for thgest brake is given by:

(C-C,) R,
T=(T,-001P,) W DF+ QO01IP

R shall not be less than 0.8 R
The predicted brake performance for theesailtjailer is given by:

Tr _ 2T
Pr P
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4.3.3.

The hot performances following the Type-I or Typletésts shall be determined in
accordance with paragraphs 4.3.1.1. to 4.3.1.4e rébulting predictions given by
paragraph 4.3.2. above shall satisfy the requirésneh this Regulation for the
subject trailer. The value used for:
"the figure recorded in the Type-0 test as présctiin paragraph 1.5.3.
or 1.7.2. of Annex 4"
shall be the figure recorded in the Type-0 teshefsubject trailer.
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Annex 11 - Appendix 3

MODEL TEST REPORT FORM AS PRESCRIBED IN PARAGRAPBS3.1. AND 3.7.2.
OF APPENDIX 2 TO THIS ANNEX

TEST REPORT NO. ......covvveeeee
1. IDENTIFICATION

1.1. Axle:
Manufacturer (hame and address)

1.2. Brake:
Manufacturer (name and address)

Automatic adjustment device: integrated/non-irdégd_1

Brake drum or brake disc¢ 1

Internal diameter of drum or outside diameterie€d/ ...........c..ccoiiiiiiiiiiiiiiinnennnnn.
EffECtiVE FATIUS ...t e e
THICKNESS ...t e e e e e e e e et e e eans
= TS
Y oY (=T = | PP
Brake lining or pad 1

Identification (shall be visible when the lining afp is mounted on the
brake shoe / backing Plate) ............ ..o evnieeeieiee e
L1721 o U SSPPPUPUPPPN
THICKNESS ..t et e e e e e ettt e e e e e e araaa e e e e e eeanrnanns
SUIMACE BIBA ....u ittt ettt ettt e et e e e et e e e e aa s
Method of attaChmMENt ..........cooiiiii e
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Brake geometry, attach dimension drawing as follows

Drum brakes see fig. 2A of this appendix
Disc brakes see fig. 2B of this appendix

1.3. Wheel(s):
Single/Twin_%
RIM di@mEter (D). ..cooeieeiiiiei et e e e e
(Attach dimensioned drawing as in figure 1A or 1B this appendix, as
appropriate)

1.4. Tyres:

Reference rolling radius @Rat reference reactiondP.............ccoovviiiiiiiineeriiiiiininnnnn.
1.5. Actuator:

T a LU = Tod 18 (= O PRSPPI
Type (cylinder/diaphragm)/1

171 o 1= PP
LeVver [ENGth (@) ... oo e

1.6. Automatic brake adjustment device (not applieain the case of integrated
automatic brake adjustment device) 3

AV 21 £ o] TR
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2. RECORD OF TEST RESULTS
(corrected to take account of rolling resistanceddil . B)
Track test/Inertia dynamometer/Rolling road dynamter test /L

2.1. In the case of vehicles of categoriesa@d Q:
Test type: 0 I

Annex 11, Appendix 2, para.: 3.5.1.2. 3.5.2.2./3. .5.34.
Test speed km/h 40 40 40
Brake actuator pressure p kPa - -
Braking time min - 2.55 -
Brake force developed.T N

Brake efficiency 79,81R (P.in kg) -

Actuator stroke s mm -

Brake input torque C Nm -

Brake input threshold torque € Nm -

2.2. In the case of vehicles of category O
Test type: 0 11

Annex 11, Appendix 2, para.: 3.5.1.2. 3.5.3.1. 35.
Test speed initial km/h 60 60

final km/h
Brake actuator pressure p kPa -
Number of brake applications - - 20 -
Duration of braking cycle S - 60 -
Brake force developed.T N
Brake efficiency ¥9.81R (P.in kg) -
Actuator stroke s mm -
Brake input torque C Nm -
Brake input threshold torque,© Nm -

2.3. This item is to be completed only when thakbrhas been subject to the test
procedure defined in paragraph 4. of Annex 19 i®mRegulation to verify the cold
performance characteristics of the brake by meénseobrake factor (B, where
this brake factor is defined as: input to outpuphfication ratio of the brake.

2.3.1. Y= G £= e (o] =

3. Performance of the automatic brake adjustmevitedif applicable)

3.1. Free running according to paragraph 3.6.2mofex 11, Appendix 2: yes/nd 1
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4. This test has been carried out and the resejterted in accordance with
Appendix 2 to Annex 11 and where appropriate pafiyd. of Annex 19 to
Regulation No. 13 as last amended by the ... es@fiamendments
Technical Service/4arrying out the test

Signed: ... ({21 DR UP PP PTPPPRPRPRPRRTN
5. Approval Authority 4
Signed: ... 08 ..o
6. At the end of test defined in paragraph 3.6Anhex 11, Appendix 2, /3the

requirements of paragraph 5.2.2.8.1. of Regulahlon 13 were deemed to be
fulfilled / not fulfilled 1/
Signed: ... 08

Strike out what does not apply.

Applies to disc brakes only.

Only to be completed when an automatic brake \adarstment device is installed.

To be signed by different persons even when tleehiical Service and Approval
Authonty are the same or alternatively, a sepafgiproval Authority authorization is issued
with the report.

EJSENES
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Figure 1A
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Figure 1B
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Figure 2A
BRAKE GEOMETRY

= variable possible lengths (mm)

All dimensions in mm exceplye a1e and k.
Fe = useful braking surface per brake §gm

le Fe [ Sie| See| Sse

e € | Ooe | 01e | be

Type of brake al he | C
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Figure 2B
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MODEL TEST REPORT FORM FOR AN ALTERNATIVE AUTOMATIBRAKE
ADJUSTMENT DEVICE AS PRESCRIBED IN PARAGRAPH 3.7.3.
OF APPENDIX 2 TO THIS ANNEX

TEST REPORT NO. ..coevvviviiiiieiiieiiiiis
1. IDENTIFICATION

1.1. Axle:

Technically permissible axle l0adgP.............oooeeiiiiiiiii e, daN
Annex 11, Appendix 3, Test REPOrt NO. .....cccouueeiiiiiiiiieeeei e eeaa,

1.2. Brake:

== 1S 111 o
[ T Y o= PP P TP

1.3. Y AN (U F= 1101 o

T gL U = Tod 18] = PSP

Type (cylinder/diapnragm) L. ..o e e
1770 T L
Lever [ength (1): .o e mm

1.4. Automatic brake adjustment device:

Manufacturer (name and addreSS): ..o e eeerrieereiiie e e e e e e e e e aeaaa s

Y= 1S PP SSUPPPPPRRIN
1Y/ S PP
RV =T €71 AP URR
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2. RECORD OF TEST RESULTS
2.1 Performance of the automatic brake adjustrewice

2.1.1. Hot performance of service braking systemterthined according to the test defined in

paragraph 3.6.2.1. (a) of Annex 11, AppendiX 2:.......cccccuvimieeeeieeeeninninns per cent

or

Actuator stroke s determined according to the test defined in paaiy3.6.2.1. (b) of
ANNEX 11, APPENAIX 2 ..eniieeiii et eeeemme e e e e et e e e et s e e eeen e e e e eea e e ennneeeenns mm

2.1.2. Free running according to paragraph 3.6.Bnaex 11, Appendix 2: yes/no6 1

3. Name of Technical Service/Type Approval Authofit conducting the test:

4. D2 LE= I 0] (1] SRR PPPRT

5. This test has been carried out and the resefterted in accordance with Annex 11,
Appendix 2, paragraph 3.6.2. to Regulation No. 43aat amended by the ........ series
of amendments.

6. At the end of test defined in item 5 above thguirements of paragraph 5.2.2.8.1. of
Regulation No. 13 were deemed to be: Fulfillétbt fulfilled 1/

7. Technical Service/Zarrying out the test
Signed: ... Date:..cccoooeeiieeee.

8. Approval Authority 2
Signed: ... Date:..ccccooeeiieeen.

1/ Strike out what does not apply.

2/ To be signed by different persons even when tleehiical Service and Approval
Authority are the same or alternatively a sepafaiproval Authority authorization issued with
the report.
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CONDITIONS GOVERNING THE TESTING OF VEHICLES EQUIEP
WITH INERTIA (OVERRUN) BRAKING SYSTEMS

GENERAL PROVISIONS

The inertia (overrun) braking system of aléracomprises the control device, the
transmission and the wheel brakes, hereinafteedtdbrakes".

The control device is the aggregate of the pments integral with the traction
device (coupling head).

The transmission is the aggregate of the comps comprised between the last part
of the coupling head and the first part of the brak

The "brake" is the part in which the forcepaging the movement of the vehicle
develop. The first part of the brake is either baeer actuating the brake cam or
similar components (mechanical-transmission indstiaking system), or the brake
cylinder (hydraulic-transmission inertia braking®m).

Braking systems in which accumulated energy. @ectric, pneumatic or hydraulic
energy) is transmitted to the trailer by the towwedpicle and is controlled only by the
thrust on the coupling do not constitute inertiakimg systems within the meaning of
this Regulation.

Tests

Determination of essential components obitade.

Determination of essential components ofciretrol device and verification of the
latter's conformity with the provisions of this Reagion.

Checking on the vehicle:

(@) the compatibility of the control device and tirake; and
(b) the transmission.

SYMBOLS AND DEFINITIONS

Units used

Mass: Kkg;

Force: N;
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2.1.3.

2.1.4.

2.1.5.

2.1.6.

2.1.7.

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.2.5.

2.2.6.

2.2.7.

2.2.8.

2.2.9.

2.2.10.

2.2.11.

Acceleration due to gravity: g = 9.81Mm/s

Torques and moments: Nm;

Areas: cf

Pressures: kPa;

Lengths: unit specified in each case.

Symbols valid for all types of brakes (seauFegl of Appendix 1 to this annex)

G:

Ga:

G:

Go:

B*:

D*:

K:

trailer's technically permissible "maximum masa% declared by the
manufacturer;

trailer's "maximum mass" capable of being brakgdhe control device, as
declared by the manufacturer;

trailer's "maximum mass" capable of being brakgdoint operation of all of
the trailer's brakes

Gg =n" Ggo;

fraction of trailer's permissible "maximum massipable of being braked by
one brake, as declared by the manufacturer;

required braking force;

required braking force taking accountasfing resistance;

permissible thrust on coupling;

thrust on coupling;

control device output force;

supplementary force of control devicenentionally designated by the force
D corresponding to the point of intersection witie &axis of the abscissae of
the extrapolated curve expressing P' in terms anBasured with the device

in the mid-travel position (see Figures 2 and 2ppendix 1 to this annex);

force threshold of control device, i.e., the nmaxim thrust on the coupling
head which can be applied for a short period oktiwithout generating an



2.2.12.

2.2.13.

2.2.14.

2.2.15.

2.2.16.

2.2.17.

2.2.18.

2.2.19.

2.2.19.1.

2.2.19.2.

2.2.20.

2.2.21.

2.2.22.

MNHo-

MNH1-

NH:

SHz:

2B.

25 .
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output force from the control device. The symbq| I conventionally
applied to the force measured when the couplingl HEsgins to be pushed
home at a speed of 10 to 15 mm/s, the control detri@nsmission being
uncoupled,;

the maximum force applied to the coupling heacemviit is being pushed
home at a speed of s mm/48 per cent, the transmission being uncoupled;

the maximum force applied to the coupling hea@émit is being pulled at a
speed of s mm/s 0 per cent out of the position of maximum comgi@s,
the transmission being uncoupled;

efficiency of inertia control device;

efficiency of transmission system;

overall efficiency of control device and transsii®ny = Nyo.NwH1;

travel of control in millimetres;

effective (useful) travel of control imllimetres, determined as required by
paragraph 9.4. of this annex;

spare travel of master cylinder, meagum millimetres at coupling head;

stroke of the master cylinder in millimetres actng to figure 8 of
Appendix 1 to this annex;

spare travel of the master cylinder in millimsti& piston rod, according to
figure 8;

loss of travel, i.e., travel in millimetres ofetitoupling head when the latter is
so actuated as to move from 300 mm above to 30(heiow the horizontal,
the transmission remaining stationary;

brake-shoe lift (brake-shoe application travét),millimetres, measured on
diameter parallel to applying device, the brakesh®ing adjusted during the
test;

minimum brake shoe centre lift (minimum brake estapplication travel) (in
millimetres) for wheel brakes with drum brakes

* 4
28 =24+~ o
s 100¢
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2.2.23.

2.2.23.1.

2.2.24.

2.2.25.

2.2.26.

2.2.27.

2.2.28.

2.3.

M*:

2r being the diameter of the brake drum in milliref (see Appendix 1,
Figure 4, to this annex).

For wheel brakes with disc brakes with hydraulamgmission

10.V¢ N 1

2g, =1.1 .
s Fu 1000

ra

where:

Veo = fluid volume absorbed by one wheel brake atesgure corresponding
to a braking force of 1.2'B=0.6- Gg, and a max. tyre radius.

and

2ra = outer diameter of brake disc.

(Veoin cnt, Frz in cnf and & in mm)

Braking torque as specified by the nfasturer in paragraph 5. of
Appendix 3. This braking torque shall produceeaist the prescribed braking

force B*;

Test braking torque in the case when no overfratector is fitted (according
to paragraph 6.2.1. below);

dynamic tyre rolling radius (m);

number of brakes.

Maximum braking torque resulting from the maximpermissible travel, or
the maximum permissible fluid volume, When the trailer moves rearward

(including rolling resistance = 0.0d- Gg,);

Maximum permissible travel at the brake contesidr when the trailer moves
rearward;

Maximum permissible fluid volume absorbed by dmaking wheel when the
trailer moves rearward;

Symbols valid for mechanical-transmission brgk systems (see Figure 5 of
Appendix 1 to this annex);
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2.3.1. ho-  reduction ratio between travel of coupling head &avel of lever at output
side of control device;
2.3.2. H1: reduction ratio between travel of lever at outpitte of control device and

travel of brake lever (gearing down of transmisgion

2.3.3. H: reduction ratio between travel of coupling head &ravel of brake lever
IH = IHo.iH1
2.3.4. b: reduction ratio between travel of brake leved dift (application travel) at

brake-shoe centre (see Figure 4 of Appendix ligoahnex);

2.3.5. P: force applied to the brake control lesee Figure 4 of Appendix 1 to this
annex);

2.3.6.

9

Brake-retraction force when the trailer movesMand; i.e., in graph M = f(P),
the value of the force P at the point of intersecf the extrapolation of this
function with the abscissa (see Figure 6 of Appeddio this annex);

2.3.6.1. RB: brake-retraction force when the trailer movesrwead (see Figure 6 of
Appendix 1 to this annex);

2.3.7. P*:  Force applied to the brake control leegproduce the braking force B*;

2.3.8. R: test force according to paragraph 6.2.1.;
2.3.9. p: characteristic of the brake when the trailer nsofegward as defined from:
M=p(P-R)
239.1. p;! characteristic of the brake when the trailer nsongarward as defined from:
M =p, (P - Por)
2.4. Symbols valid for hydraulic-transmission braki systems (see Figure 8 of
Appendix 1 to this annex)
2.4.1. h: reduction ratio between travel of coupling head #&ravel of piston in master
cylinder;
2.4.2. Ig: reduction ratio between travel of cylinder thrystint and lift (application

travel) of brake-shoe centre;



E/ECE/324

} Rev.1/Add.12/Rev.6

Surface area of piston of one wheel cylinder doum brake(s); for disc
brake(s), sum of the surface area of the calipgtiop(s) on one side of the
disc.

surface area of piston in master cylinder;

hydraulic pressure in brake cylinder;

retraction pressure in the brake cylinder whentthiler moves forward,; i.e.,
in graph of M = f(p), the value of the pressuret pha point of intersection of
the extrapolation of this function with the absais¢see Figure 7 of

Appendix 1 to this annex);

brake retraction pressure when the trailer maoeasward (see Figure 7 of
Appendix 1 to this annex);

Hydraulic pressure in the brake cylinttieproduce the braking force B*;

Test pressure according to paragraph 6.2.1.:

characteristic of the brake when the trailer eoforward as defined from:
M=p'(p-p)

characteristic of the brake when the trailer nsonearward as defined from:
M =p(p-p)

Symbols with respect to the braking requireisieslating to overload protectors

Application force at the input side of the contdavice, at which the
overload protector is activated

Brake torgue at which the overload protectorctévated (as declared by
the manufacturer)

Minimum test braking torque in the case when werload protector is
fitted (according to paragraph 6.2.2.2.)

Bo mint  Force applied to the brake at which the overlpeatector is activated

(according to paragraph 6.2.2.1.)
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2.4.3. Rz
2.4.4. iz
2.4.5. p:
2.4.6. [}
246.1. p:
2.4.7. p*:
2.4.8. R
2.4.9. p"
2491. o}

2.5.

2.5.1. Rp:
2.5.2. Mbp:
2.5.3. Mrop:
2.5.4.

2.5.5.

Bp max Maximum force (when the coupling head is pushely home) which is

applied by the overload protector to the brake dediog to
paragraph 6.2.2.3.)



2.5.6.

2.5.7.

2.5.8.

2.5.9.

3.1.

3.2.

3.3.

3.4.

3.5.

3.6.
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R min:  Pressure applied to the brake at which the omelrfurotector is activated
(according to paragraph 6.2.2.1.)

Bp max Maximum hydraulic pressure (when the couplingcdhé&apushed fully

home) which is applied by the overload protectoth® brake actuator
(according to paragraph 6.2.2.3.)

Rop: Minimum test brake force in the case when anloaelr protector is fitted
(according to paragraph 6.2.2.2.)

Brop: Minimum test brake pressure in the case whenvanlaad protector is
fitted (according to paragraph 6.2.2.2.)

GENERAL REQUIREMENTS

The transmission of force from the couplingadheo the trailer's brakes shall be
effected either by rod linkage or by one or moredd$. However, a sheathed cable
(Bowden cable) may provide part of the transmisstbis part shall be as short as
possible.

All bolts at joints shall be adequately progéelc In addition, these joints shall be
either self-lubricating or readily accessible fabiication.

Inertia braking devices shall be so arrangpad ih the case when the coupling head
travels to its fullest extent, no part of the tnamssion seizes, undergoes permanent
distortion, or breaks. This shall be checked bgourpling the end of the transmission
from the brake control levers.

The inertia braking system shall allow theldrato be reversed with the towing
vehicle without imposing a sustained drag forceeexiing 0.08 55, Devices used
for this purpose shall act automatically and disgyggautomatically when the trailer
moves forward.

Any special device incorporated for the puepotparagraph 3.4. of this annex shall
be such that the parking performance when facing gmadient shall not be adversely
affected.

Inertia braking systems may incorporate owtlgrotectors. They shall not be
activated at a force of less thag,B 1.2ID* (when fitted at the control device) or at a
force of less thand?= 1.2P* or at a pressure of less thag ¢ 1.2p* (when fitted at

the wheel brake) where the force P* or the prespti@rresponds to a braking force
of B*=0,5 g- Ggo.
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4, REQUIREMENTS FOR CONTROL DEVICES

4.1. The sliding members of the control device Ishallong enough to enable the full
travel to be used even when the trailer is coupled.

4.2. The sliding members shall be protected by l&owe or some equivalent device.
They shall either be lubricated or be constructedetf-lubricating materials. The
surfaces in frictional contact shall be made of @aral such that there is neither
electrochemical torque nor any mechanical inconbpayi liable to cause the sliding
members to seize.

4.3. The stress threshold {Kof the control device shall be not less than @&, and
not more than 0.04.G'a.

4.4, The maximum insertion force; Dnay not exceed 0.10@x in trailers with rigid
drawbars and 0.067.@'s in multi-axled trailers with pivoted drawbars.

4.5, The maximum tractive force,Bhall be not less than 0.13J, and not more than
0.5 gG'a.

5. TESTS AND MEASUREMENTS TO BE CARRIED OUT ON THEONTROL
DEVICES

5.1. Control devices submitted to the Technicalviger conducting the tests shall be
checked for conformity with the requirements ofggaaphs 3 and 4 of this annex.

5.2. The following shall be measured in respedctliafypes of brakes:

5.2.1. travel s and effective travel s';

5.2.2. supplementary force K;

5.2.3. force threshold X

5.2.4. insertion force D

5.2.5. tractive force P

5.3. In the case of mechanical-transmission indméking systems, the following should
be determined:

5.3.1. the reduction ratigd measured at the mid-travel position of the control



5.3.2.

5.4.

5.4.1.

5.4.2.

5.4.3.

5.4.4.

5.4.5.

5.4.6.

5.5.

6.1.
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the control-device output force P' as ationoof the thrust D on the drawbar.

The supplementary force K and the efficiency ardved from the representative
curve obtained from these measurements

1 P

Mo~ " w

iHo . D-K
(see Figure 2 of Appendix 1 to this annex)

In the case of hydraulic-transmission indbotiaking systems, the following should be
determined:

the reduction ratig measured at the mid-travel position of the control

the master cylinder output pressure p amatibn of the thrust D on the drawbars
and of the surface areay#of the master-cylinder piston, as specified by the
manufacturer. The supplementary force K and tlieiefcy are derived from the
representative curve obtained from these measutsmen

.=+ PPz
HO i D-K
(see Figure 3 of Appendix 1 to this annex);

the spare travel of the master cylinderas"referred to in paragraph 2.2.19. of this
annex.

surface ardayz of the piston in the master cylinder.
stroke s of the master cylinder (in millimetres).
spare travel g; of the master cylinder (in millimetres).

In the case of inertia braking system on ranted trailers with pivoted drawbars,
the loss of travelseferred to in paragraph 9.4.1. of this annex khba measured.

REQUIREMENTS FOR BRAKES

In addition to the brakes to be checked, ttenufacturer shall submit to the
Technical Service conducting the tests, drawingshef brakes showing the type,
dimensions and material of the essential comporemisthe make and type of the
linings. In the case of hydraulic brakes, thessaiings shall show the surface area
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6.2.

6.2.1.

6.2.2.

6.2.2.1.

6.2.2.2.

6.2.2.3.

7.1.

7.2.
7.2.1.

7.2.2.

7.3.

Frz of the brake cylinders. The manufacturer shabapecify the braking torque
M* and the mass gs defined in paragraph 2.2.4. of this annex.

Testing conditions

In the case when an overload protectoritherefitted nor intended to be fitted within
the inertia (overrun) braking system, the wheelkérahall be tested with the
following test forces or pressures:

P.=18P*orp=18p*and M = 1.8 M* as appropriate.

In the case when an overload protectortiedfior intended to be fitted within the
inertia (overrun) braking system, the wheel brakallsbe tested with the following
test forces or pressures:

The minimum design values for an overlpaotector shall be specified by the
manufacturer and shall not be less than

Pop: 1.2P* or B= 1.2 p*

The ranges of minimum test forcgopPor minimum test pressure; p and the

minimum test torque M, are:

=
and Mrgp=1.1t0 1.2 M*

P op = 1.1to 1.2 P* or B = 1.1t0 1.2 p*

The maximum valuesqfPnaxOr p_may for the overload protector shall be specified
by the manufacturer and shall not be more thaarRr respectively.

TESTS AND MEASUREMENTS TO BE CARRIED OUT ON THERAKES

Brakes and components submitted to the Teah8ervice conducting the tests shall
be tested for conformity with the requirements afggraph 6 of this annex.

The following should be determined:
The minimum brake-shoe lift (minimum brakes application travel), 2§

The brake-shoe centre lift (brake-shoe agptin travel) 2s (which shall be greater
than 2g-);

In the case of mechanical brakes, the follgveinall be determined:



7.3.1.

7.3.2.

7.3.3.

7.3.3.1.

7.3.3.2.

7.3.3.3.

7.3.3.4.

7.4.

7.4.1.

7.4.2.

7.4.3.

7.4.3.1.

7.4.3.2.

7.4.3.3.
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Reduction raticgi(see Figure 4 of Appendix 1 to this annex)

Force P* for braking torque M*

Torque M* as a function of the force P* appliedti@ control lever in mechanical-
transmission systems.

The rotational speed of the braking surfaces stwitespond to an initial vehicle
speed of 60 km/h when the trailer moves forward @ikd/h when the trailer moves
rearward. The following shall be derived from tharve obtained from these
measurements (see Figure 6 of Appendix 1 to thgx@n

The brake-retraction forcg &d the characteristic valgewhen the trailer moves
forward

The brake-retraction force,Pand the characteristic valpewhen the trailer moves
rearward

Maximum braking torqueMp to the maximum permissible traveldien the trailer
moves rearward (see Figure 6 of Appendix 1 todhisex)

Maximum permissible travel at the braketad lever when the trailer moves
rearward (see Figure 6 of Appendix 1 to this annex)

In the case of hydraulic brakes, the followshguld be determined:

Reduction ratiog'i(see Figure 8 of Appendix 1 to this annex)

Pressure p* for braking torque M*

Torque M* as a function of the pressure ppleed to the brake cylinder in hydraulic
transmission systems.

The rotational speed of the braking surfaces stwitespond to an initial vehicle
speed of 60 km/h when the trailer moves forward @kd/h when the trailer moves
rearward. The following shall be derived from tharve obtained from these
measurements (see Figure 7 of Appendix 1 to tmsx@n

The retraction pressure pnd the characteristit when the trailer moves forward
The retraction pressure @and the characteristig;, when the trailer moves rearward

Maximum braking torque Mup to the maximum permissible fluid volume When
the trailer moves rearward (see Figure 7 of Appefdb this annex)
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7.4.3.4.

7.4.4.

7.5.

7.5.1.

7.5.2.

9.1.

9.2.

9.2.1.

9.2.2.

9.2.2.1.

Maximum permissible fluid volume, dbsorbed by one braking wheel when the
trailer moves rearward (see figure 7 of Appendix 1)

Surface areg,Fof the piston in the brake cylinder.

Alternative procedure for the Type-I test

The Type-I test according to Annex 4, paragraph doges not have to be carried out
on a vehicle submitted for type approval, if thaking system components are tested
on an inertia test bench to meet the prescriptioh®\nnex 4, paragraphs 1.5.2.
and 1.5.3.

The alternative procedure for the Type-t sdmll be carried out in accordance with
the provisions laid down in Annex 11, Appendix 2rggraph 3.5.2. (in analogy also
applicable for disc brakes).

TEST REPORTS

Applications for the approval of trailers equippsdh inertia braking systems shall
be accompanied by the test reports relating toctmgrol device and the brakes and
the test report on the compatibility of the inetiipe control device, the transmission
device and the brakes of the trailer, these repodisiding at least the particulars
prescribed in Appendices 2, 3, and 4 to this annex.

COMPATIBILITY BETWEEN THE CONTROL DEVICE AND THEBRAKES OF
A VEHICLE

A check shall be made on the vehicle to vanifthe light of the characteristics of the
control device (Appendix 2), the characteristicghe brakes (Appendix 3), and the
trailer characteristics referred to in paragrapbf4Appendix 4 to this annex, whether
the trailer's inertia braking system meets thegsilesd requirements.

General checks for all types of brakes

Any parts of the transmission not checkethatsame time as the control device or
the brakes shall be checked on the vehicle. Tédteeof the check shall be entered
in Appendix 4 to this annex (e.gwa iandnu).

Mass

The maximum mass, @®f the trailer shall not exceed the maximum massf@
which the control device is authorized.



9.2.2.2.

9.2.3.

9.2.3.1.

9.2.3.2.

9.2.3.8.

9.3.

9.3.1.

9.3.1.1.

9.3.1.2.

9.4.

9.4.1.

E/ECE/324
E/ECE/TRANS/505 } Rev.1/Add.12/Rev.6

Regulation No. 13
page 163
Annex 12

The maximum mass, @f the trailer shall not exceed the maximum magsvBich
can be braked by joint operation of all of thel&@s brakes.

Forces
The force thresholdskshall not be below 0.02@, and not above 0.04@a.

The maximum insertion force; hay not exceed 0.10@, in trailers with rigid
drawbar and 0.067.Ga in multi-axled trailers with pivoted drawbar.

The maximum tractive force Bhall be between 0.1@, and 0.5 dGa.
Check of braking efficiency
The sum of the braking forces exerted orciteeimference of the trailer wheels shall
not be less than B* = 0.50@, including a rolling resistance of 0.0133: this
corresponds to a braking force B of 0.48g In this case, the maximum
permissible thrust on the coupling shall be:

D* = 0.067 gGa in the case of multi-axled trailers with pivotedabar; and

D*=0.10 gGa in the case of trailers with rigid drawbar.

To check whether these conditions are complietl e following inequalities shall
be applied:

In mechanical-transmission inertia braking systems:

Ly —
o (D*-K)

In hydraulic-transmission inertia braksygtems:

{B.R } 1 i
L O b s—
np (D' -K)my  Fuz

Check of control travel

In control devices for multi-axled trailewith pivoted drawbars where the brake rod
linkage depends on the position of the towing devitie control travel s shall be
longer than the effective (useful) control travél the difference being at least
equivalent to the loss of travel sThe travel loss of,shall not exceed 10 per cent of
the effective travel s'.
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9.4.2.

9.4.2.1.

9.4.2.2.

9.4.2.3.

9.4.3.

9.4.3.1.

9.4.3.2.

9.5.

9.5.1.

9.5.2.

9.5.3.

The effective (useful) travel of controskall be determined for single and multi-axle
trailers as follows:

if the brake rod linkage is affected by #mgular position of the towing device, then:
s'=s- §;
if there is no loss of travel, then:
s'=s;
in hydraulic braking systems:
s'=s-s".

The following inequalities shall be applital check whether control travel is
adequate;

In mechanical-transmission inertia braldpgtems:

J
insS—
Sg g

in hydraulic-transmission inertia brakgygtems:

dn o S
F, 2sy .NRK;; iy

Additional checks

In mechanical-transmission inertia brakiggtesms a check shall be made to verify
that the rod linkage by which the forces are trdttechfrom the control device to the
brakes is correctly fitted.

In hydraulic-transmission inertia brakingt®yns a check shall be made to verify that
the travel of the master cylinder is not less tkén A lower level shall not be
permitted.

The general behaviour of the vehicle whexking shall be the subject of a road test
carried out at different road speeds with differlenviels of brake effort and rates of
application. Self-excited, undamped oscillationalknot be permitted.
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GENERAL COMMENTS

The above requirements apply to the most usualodmients of mechanical-
transmission or hydraulic-transmission inertia mgksystems where, in particular,
all of the trailer's wheels are equipped with tame type of brake and the same type
of tyre. For checking less usual embodiments, gheve requirements shall be
adapted to the circumstances of the particular. case
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Annex 12 - Appendix 1

Figure 1: SYMBOLS VALID FOR ALL TYPES OF BRAKES
(See paragraph 2.2. of this annex)
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Figure 2. MECHANICAL-TRANSMISSION
(See paragraphs 2.2.10. and 5.3.2. of this annex)

PI
PI

X

Px 1

DX_K .iHO

Nho

Figure 3: HYDRAULIC-TRANSMISSION
(See paragraphs 2.2.10. and 5.4.2. of this annex)

P A
P

X

PX  Fu
Dx_K . iH

Nro =
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Figure 4: BRAKE CHECKS
(See paragraphs 2.2.22. and 2.3.4. of this annex)

Connecting rod and cam

a

LV R ]
.|
o O

=
o
O

Brake-shoe centre lift
(application travel)

SB* =1.2+02%.2rmm

Expander
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Figure 5: MECHANICAL-TRANSMISSION BRAKING SYSTEM
(See paragraph 2.3. of this annex)

1.2 Control device 1.3 Transmission 1.4 Brakes
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MECHANICAL BRAKE
[see paragraph 2 of fthis annex)
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Figure 8 HYDRAULIC-TRANSMISSION BRAKING SYSTEM

( see paragraph 2 of this annex )
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4.1.

4.2.

4.3.

8.1.

8.2.

Annex 12 - Appendix 2

TEST REPORT ON INERTIA-BRAKING SYSTEM CONTROL DEVE

Y 1o 10 ] = Tox 10 =] PR

permissible static vertical force at towingAde head ...............ccoviiiiiiiiiiiiieces N
trailer with rigid drawbar/multi-axled trail@rith pivoted drawbar/1

Brief description
(List of attached plans and dimensioned drawings)

Diagram showing principle of control
Bz AV TR mm
Reduction ratio of control device:

with mechanical transmission device 1

ih =FrOm (0 2
T CI%]
travel of master CYINAEIHS........c.ovvuiieie e mm

spare travel of master CYlINAERS: ........c..vii i e, mm
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9.8.

9.8.1.
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9.8.1.2.

9.8.1.3.

E/ECE/324
E/ECE/TRANS/505
Regulation No. 13
page 173

Annex 12 - Appendix 2

} Rev.1/Add.12/Rev.6

Test results:

Efficiency

with mechanical transmisSioN deVICRH = .....i i
with hydraulic transmisSion deVIC@ Iy = ...oooviiiiiiii e
Supplementary fOrce K = ... N
Maximum COMPresSsIiVe fOrCE B .......ooooiiiiiiiii e N
Maximum tractive fOrce DF ... N
FOrce threShOId AT ..o et N

Loss of travel and spare travel:
where the position of the drawing device

NAS AN EFfECTLSL = .ieiie e mm
with a hydraulic-transmission device $'2S"; Oih = .evueeeiiiiiieeeiieeeeeeee e mm
Effective (useful) travel of CoNtrol S' = ... mm

An overload protector according to paragragh 8f this annex is provided / not
provided_1

If the overload protector is fitted befone transmission lever of the control device
Threshold force of the overload protector

Where the overload protector is mechadical
max. force which the inertia control device canalep

leaJiHo = Pop_max = N

Where the overload protector is hydralflic
the pressure which the inertia control device cawetbp

p'maJih = pop_max T N/@m
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9.8.2. If the overload protector is fitted aftee thansmission lever of the control device
9.8.2.1. Threshold force on the overload protector
where the overload protector is mechanidal 1
Dop.iHo i T N
where the overload protector is hydraulic 1
Doplh it e tetaean s e e ea e e e e e e e e e E e R R R A e e e R e A e e A EaE R At e S s R R aE s N
9.8.2.2. Where the overload protector is mechadical
max force which the inertia control device can diepe
'max = Pop_max e N.
9.8.2.3.  Where the overload protector is hydrallic
the pressure which the inertia control device caretbp
plma)(: Fbp_max = R N/%m
10. The control device described above complies/doet comply _1 with the
requirements of paragraphs 3, 4 and 5 of this annex
D= (PP
SIONATUIE ...t ettt e e e e et et e e e n e e e e e e e en s
11. This test has been carried out and the resgtsrted in accordance with relevant
provisions of Annex 12 to Regulation No. 13 as kstended by the .... series of
amendments.
Technical Service/Zarrying out the test
Signed: ..o, Date: ...
12. Approval Authority B
Signed: ..o D= 1 (R
v Strike out what does not apply.
2/ State lengths whose ratio was used to determina ii.
3/ To be signed by different persons even when teehilical Service and Approval

Authority are the same or alternatively, a sepafgiproval Authority authorization issued with
the report.
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TEST REPORT ON THE BRAKE

Braking torque M* (as specified by the manufactwecording to paragraph 2.2.23. of
LT ES= L 1=t TSP Nm

Dynamic tyre rolling radius
Rmin ittt trreararerrareerreraasa ety m, Raxz .............................................. m

Brief description
(List of plans and dimensioned drawings)

Diagram showing principle of brake

Test result:

mechanical braké/ hydraulic brakel/

Reduction ratio 9.1.A. Reduction ratio

TG = e [2 g = [2
Lift (application travel) 9.2.A. Lift (application travel)

SB Titteriin e mm BB T e ee et m
Prescribed lift 9.3.A. Prescribed lift

(prescribed application (prescribed application
travel) $« = .oooeeeeiiiiienes mm travel) &« = ...ccooeeeeeinnnnn. mm
Retraction force 9.4.A. Retraction pressure

PO = oo, N PO= eeeeeeeeee e, N/cm
Coefficient (characteristic) 9.5.A. Coefficient (characteristic)

[ TP m P T m
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9.6 An overload protecto 9.6.A. An overload protector according
according to paragraph 3.6. paragrapl8.6. of this annex is/is n
this annex is/is not provided 1 provided_1

9.6.1. Braking torque activating the 9.6.1.A. Braking torque activating the

overload protector overload protector
Mop =i Nm Mop e, Nm
9.7. Force for M* 9.7.A. Pressure for M*
P = e N P* S N/ctn
9.8.A. Surface area of wheel cylinder
FRZ i iterrarersersesararraraanas

9.9.A. (for disk brakes)
Fluid volume absorption

V60 = coeeeereeeereneieeeisiene. chn
9.10. Service brake performance when the traileresoearwards (see figures 6 and 7 of
Appendix 1 to this annex)
9.10.1. Maximum Fig 6 braking torquerM ..o, Nm
9.10.1.A. Maximum Fig 7 braking torquerM .............ccoiieiiiiiiiiee e Nm
9.10.2. Maximum permissible travel=s ..o mm
9.10.2.A. Maximum permissible fluid volume absorBadE ..........ccoovevveiiiieiiii e, cm?d
9.11. Further brake characteristics when the traileves rearwards (see figures 6 and 7
of Appendix 1 to this annex)
9.11.1. Brake-retraction force B ... N
9.11.1.A.  Brake-retraction PreSSUM P ......ooruerrrirniininiiiniie i N/cm?
9.11.2. Brake charaCterispe= ...........cocoiiiiii m
9.11.2.A.  Brake charaCteriSft = ...........ocoiiiiiiiiii e m
9.12. Tests according to paragraph 7.5. of thi®aif applicable) (corrected to take

account of the rolling resistance corresponding.@d: g- G, )
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9.12.1. Brake test Type-0

TSt SPEEU = it km/h
Braking ratio = ....oouuiiiiii e eeeee et eaa e aa %
(7o) o1 £ I 0] £ o1 N

9.12.2. Brake test Type-|

TSt SPEEU = e km/h

Sustained braking ratio = .....oooeuuiiiiie e %

Braking time = ... minutes

HOt PerformManCe = ..o e eeeeans %

(expressed as a percent of the above Type-0 &4t ne item 9.12.1.)

CONtIOl fOrCE = e N
10. The above brake does / does_ratohform to the requirements of paragraphs 3

and 6 of the testing conditions for vehicles fittgith inertia braking systems

described in this annex.

The brake may / may nof ke used for an inertia braking system without an

overload protector.

Y [0 T= L L= PRSPPI
11. This test has been carried out and the resefiisrted in accordance with relevant

provisions of Annex 12 to Regulation No. 13 as kstended by the .... series of

amendments.

Technical Service/Zarrying out the test

ST (o] 0 E= LT (=P TSURPPPPPPTRTIN

12. Approval Authority B

S [0 [ T= L L= PRSPPI

y Strike out what does not apply.

2/ State lengths used to determigerii’.

3/ To be signed by different persons even when tkehifical Service and Approval
Authority are the same or alternatively, a sepafgiproval Authority authorization issued with
the report.
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TEST REPORT ON THE COMPATIBILITY OF THE INERTIA BRRE CONTROL DEVICE,

3.1.

3.2.

4.1.

4.2.

4.3.

4.4,

4.5.

4.6.

THE TRANSMISSION AND THE BRAKES ON THE TRAILER
CONLIOI HBVICE ... ettt e e e et e e e e e e eeeennnans
described in the attached test report (see Appehthxthis annex)
Reduction ratio selected:
IHo 1 = e 2. orihl = e 2

(shall be within the limits specified in paragraghg. or 8.2. of Appendix 2 to this
annex)

Brakes
described in the attached test report (see Appehtbxthis annex)

Transmission devices on the trailer
Brief description with diagram showing priplei

Reduction ratio and efficiency of the mechahtransmission device on the trailer

Type of drawbar connection: trailer with dglrawbar/multi-axled trailer with pivoted
drawbar 1

NUMDBbEr Of Drakes N = ... et e
Technically permissible maximum mMassS=5.........coovevviiiiii i, kg
Dynamic tyre rolling radiUS R = ......coiiiiii e m

v Strike out what does not apply.
2/ State lengths used to determing in, iy
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Permissible thrust on coupling

D* = 0.10 g G L o N
or

D* = 0.067 g G A/ =it N..
Required braking force B* = 0.50 @ 6.......cccouviuiiiiiieiiiiiiiii e N
Brake force B = 0.49 gaG .. oo iieiiiiiie ettt N

Compatibility - Test results

Force threshold 100aK0 . Ga) = cooeiiiiiiiiiii e e
(shall be between 2 and 4)

Maximum compressive force 10D1/(g. Ga) = ovviireeiiiiiie e
(shall not exceed 10 for trailers with rigid drawbar 6.7 for multi-axled trailers with
pivoted drawbar)

Maximum tractive force 1QMo/(g . Ga) = wrveeriiiiiieiiie e eeeee e
(shall be between 10 and 50)

Technically permissible maximum mass fortiaezontrol device
G'A e kg
(shall not be less than)

Technically permissible maximum mass fooalrailer's brakes
GB =n GBO ettt et ee e et e s aE s eEes s sEEsssrEatEtrEstEarrnatatrnnaannnanrran kg
(shall not be less than)

Braking torque of the brakes
N MY (B o R) o oo
(shall not be less than 1.0)

An overload protector within the meaningafagraph 3.6. of this annex is / is nbt 1
fitted on the inertia control device / on the br=alkée

where the overload protector is mechamindahe inertia control device 1

n [(P* /(iHl D]H]_ [P'max): .........................................................................................
(shall not be less than 1.2)

where the overload protector is hydranttiche inertia control device 1

D DIaK T +vereeeeeee et et e et et ettt e ettt ettt ettt et et e e,
(shall not be less than 1.2)
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5.6.1.3. if the overload protector is on the ireedontrol device:
threshold force BYD* = ...
(shall not be less than 1.2)

5.6.1.4. if the overload protector is fitted on trake:

threshold torque AMgy/ (B [R) = oo
(shall not be less than 1.2)

5.7. Inertia braking system with mechanical traission device /1
5.7.1. l-| = iHo' iH1 ittt eareaee e e e e e e e e s e e e s e e e e e s AR e et e ra e nr e
5.7.2. L T T 1 T YL 1
5.7.3.
{B R } 1
—— NP, ——=.....
p (D" -K).ny,

5.7.4.
s _
Sg -lg
(shall not be less tham)i
5.7.5. RALO S'f] = i
when the trailer moves rearward (shall rogkeater thani s
5.7.6. Braking torque when the trailer moves reatvwacluding rolling resistance
0.080 GA R = i Nm
(shall not be greater than{i,)
5.8. Inertia braking system with hydraulic transsion device /1
5.8.1. i1/FHZ ittt entea e e e e e e e et e e e e e e e e e e ke e e e e e e e e e R Eas e EEE e et s
5.8.2.
[B.R } 1
_' + pO *— T
np (D" -K).m,

(shall not be greater thah/FHz)
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5.8.3.

__ s .
T
(shall not be less thatw/Fiz)

5.8.4. S PP
(shall not be greater than travel of master dg@mactuator as specified in
paragraph 8.2. of Appendix 2 to this annex)

5.8.5. RALO S/, = o

when the trailer moves rearward (shall not betgrehan: \f)
5.8.6. Braking torque when the trailer moves reatviracluding rolling resistance
0.08 0 GA R = o Nm
(shall not be greater than{iMy)
6. The inertia braking system described above tiesidoes not comply/lwith the
requirements of paragraphs 3. to 9. of this annex.
Signature ............ceeevvvieen.. Date
7. This test has been carried out and the resefitsrted in accordance with relevant
provisions of Annex 12 to Regulation No. 13 as lastended by the .... series of
amendments.
Technical Service/Zarrying out the test
Signature .........ccooeeveiieeee. Date L
8. Approval Authority 3
Signature ..........coeviiiieeee. Date
3/ To be signed by different persons even when tkehifical Service and Approval

Authority are the same or alternatively, a sepafgproval Authority authorization issued with
the report.
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1.

1.1

1.2.

2.1.

2.2.

2.3.

2.4,

2.5.

Annex 13

TEST REQUIREMENTS FOR VEHICLES FITTED WITH ANTI-LOKCSYSTEMS

GENERAL

This annex defines the required braking paréorce for road vehicles fitted with anti-
lock systems. In addition, power-driven vehicldsch are authorized to tow a trailer,
and trailers equipped with compressed-air brakygjesns, shall, when the vehicles
are laden, meet the requirements for compatibiéf out in Annex 10 to this

Regulation. However, for all load conditions, aaling rate shall be developed
between a pressure of 20 kPa and 100 kPa or theaéent digital demand value at
the coupling head of the control line(s).

The anti-lock systems known at present cora@isensor or sensors, a controller or
controllers and a modulator or modulators. Anyice\wf a different design which
may be introduced in the future, or where an artklbraking function is integrated
into another system, shall be deemed to be anlaiibraking system within the
meaning of this annex and Annex 10 to this Reguatif it provides performance
equal to that prescribed by this annex.

DEFINITIONS

An "anti-lock systethis a part of a service braking system which awttcally
controls the degree of slip, in the direction dftmn of the wheel(s), on one or more
wheels of the vehicle during braking.

"Sensdr means a component designed to identify and tranwnthe controller the
conditions of rotation of the wheel(s) or the dymaoonditions of the vehicle.

"Controlle¥ means a component designed to evaluate the datantitted by the
sensor(s) and to transmit a signal to the modulator

"Modulatot means a component designed to vary the brakirges) in accordance
with the signal received from the controller.

"Directly controlled whek&l means a wheel whose braking force is modulated
according to data provided at least by its own @eris

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



2.6.

2.7.

3.1.

3.1.1.

3.1.2.

3.1.3.

3.2.
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"Indirectly controlled whe&lmeans a wheel whose braking force is modulated
according to data provided by the sensor(s) ofroteel(s). 1

"Full cycling means that the anti-lock system is repeatedly utadohg the brake
force to prevent the directly controlled wheelsnirdocking. Brake applications
where modulation only occurs once during the stogll not be considered to meet
this definition.

In the case of trailers with pneumatic brakingteyss, full cycling of the anti-lock
braking system is only assured when the pressiwaiahle at any brake actuator of a
directly controlled wheel is more than 100 kPa abthe maximum cycling pressure
throughout a given test. The supply pressure adailanay not be increased
above 800 kPa.

TYPES OF ANTI-LOCK SYSTEMS

A power-driven vehicle is deemed to be equippith an anti-lock system within the
meaning of paragraph 1. of Annex 10 to this Regudatif one of the following
systems is fitted:

Category 1 anti-lock system

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

Category 2 anti-lock system

A vehicle equipped with a category 2 anti-lockteys shall meet all the relevant
requirements of this annex, except those of papdgba3.5.

Category 3 anti-lock system

A vehicle equipped with a category 3 anti-lockteys shall meet all the relevant
requirements of this annex, except those of paphgr®.3.4. and 5.3.5. On such
vehicles, any individual axle (or bogie) which does include at least one directly
controlled wheel shall fulfil the conditions of a#ion utilization and the wheel-
locking sequence of Annex 10 to this Regulatiothwégard to the braking rate and
the load respectively. These requirements may hexked on high- and low-
adhesion road surfaces (about 0.8 and 0.3 maximhyminodulating the service
braking control force.

A trailer is deemed to be equipped with an-lack system within the meaning of
paragraph 1 of Annex 10 to this Regulation whereast two wheels on opposite
sides of the vehicle are directly controlled arldexhaining wheels are either directly
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3.2.1.

3.2.2.

4.1.

4.1.1.

4.1.2.

4.2.

or indirectly controlled by the anti-lock systenn the case of full trailers, at least
two wheels on one front axle and two wheels onreae axle are directly controlled
with each of these axles having at least one inutdgr® modulator and all remaining
wheels are either directly or indirectly controlleth addition, the anti-lock equipped
trailer shall meet one of the following conditions:

Category A anti-lock system

A trailer equipped with a category A anti-lock ®m shall meet all the relevant
requirements of this annex.

Category B anti-lock system

A trailer equipped with a category B anti-lock tgys shall meet all the relevant
requirements of this annex, except paragraph 6.3.2.

GENERAL REQUIREMENTS

Any electrical failure or sensor anomaly thffects the system with respect to the
functional and performance requirements in thiseanimcluding those in the supply
of electricity, the external wiring to the contesi{s), the controller(s)/2and the
modulator(s) shall be signalled to the driver kgpacific optical warning signal. The
yellow warning signal specified in paragraph 52911.2. shall be used for this
purpose.

Sensor anomalies, which cannot be detectddristatic conditions, shall be detected
not later than when the vehicle speed exceeds 10 Bn However, to prevent
erroneous fault indication when a sensor is noegging a speed output, due to non-
rotation of a wheel, verification may be delayed tetected not later than when the
vehicle speed exceeds 15 km/h.

When the anti-lock braking system is energized witle vehicle stationary,
electrically controlled pneumatic modulator valyegsall cycle at least once.

Power-driven vehicles equipped with an artklsystem and authorized to tow a
trailer equipped with such a system, with the ekoepof vehicles of category I\

shall be fitted with a separate optical warninghaigfor the anti-lock system of the
trailer, meeting the requirements of paragraphef.this annex. The separate yellow

2/ The

manufacturer shall provide the Technical Berwith documentation relating to the

controller(s) which follows the format set out imiex 18.

3/  The warning signal may light up again while thehicle is stationary, provided that it is
extinguished before the vehicle speed reaches 10 bm15 km/h, as appropriate, when no
defect is present.
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warning signals specified in paragraph 5.2.1.281all be used for this purpose,
activated via pin 5 of the electrical connectorfooming to ISO 7638:1997/4

In the event of a failure in the anti-lock teys, the residual braking performance
shall be that prescribed for the vehicle in questiothe event of a failure of part of
the transmission of the service braking system (saeagraph 5.2.1.4. of this
Regulation). This requirement shall not be comstrias a departure from the
requirements concerning secondary braking. Indase of trailers the residual
braking performance in the event of a defect in @hé-lock system according to
paragraph 4.1. shall be at least 80 per cent gbitascribed laden performance for the
service braking system of the relevant trailer.

The operation of the anti-lock system shatl v adversely affected by magnetic or
electrical fields. This shall be demonstrated bgnpliance with Regulation No. 10,
02 series of amendments.

A manual device may not be provided to diseahior change the control modeds
the anti-lock system, except on off-road power-ghiwehicles of categories,Mnd
N3 as defined in Annex 7 to the Consolidated Resmhutin the Construction of
Vehicles (R.E.3); where a device is fitted tod Ns category vehicles, the following
conditions shall be met:

the power-driven vehicle with the anti-lakstem disconnected or the control mode
changed by the device referred to in paragraphadéve shall satisfy all the relevant
requirements in Annex 10 to this Regulation;

an optical warning signal shall inform the driveat the anti-lock system has been
disconnected or the control mode changed; thewsdiati-lock failure warning signal
specified in paragraph 5.2.1.29.1.2. may be usethi® purpose.

The warning signal may be constant or flashing;

the anti-lock system shall automatically reeonnected/returned to on-road mode
when the ignition (start) device is again set ®"f@N" (run) position;

the vehicle user's handbook provided byntl@ufacturer should warn the driver of
the consequences of manual disconnection or maalegehof the anti-lock system;

4/
5/

The ISO 7638:1997 connector may be used for ®pifipin applications, as appropriate.
It is understood that devices changing the controde of the anti-lock system are not

subject to paragraph 4.5. of this annex if in tharged control mode condition, all requirements
for the category of anti-lock systems, with whibke ehicle is equipped, are fulfilled. However,
in this case, paragraphs 4.5.2., 4.5.3. and 4051his annex shall be met.
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4.5.5.

4.6.

5.1.

5.1.1.

5.1.1.1.

5.1.1.2.

5.1.1.3.

5.1.1.4.

5.1.15.

the device referred to in paragraph 4.5vabmay, in conjunction with the towing
vehicle, disconnect/change the control mode ofatfitelock system of the trailer. A
separate device for the trailer alone is not peeahit

Vehicles equipped with an integrated endurabhwking system shall also be
equipped with an anti-lock braking system actinggast on the service brakes of the
endurance braking system’s controlled axle and henendurance braking system
itself, and shall fulfil the relevant requiremenfghis annex.

SPECIAL PROVISIONS CONCERNING POWER-DRIVEN VEHIES

Energy consumption

Power-driven vehicles equipped with anti-lock eys$ shall maintain their
performance when the service braking control desadally applied for long periods.
Compliance with this requirement shall be verifigdmeans of the following tests:

Test procedure

The initial energy level in the energy storage de{s) shall be that specified by the
manufacturer. This level shall be at least suctoansure the efficiency prescribed
for service braking when the vehicle is laden.

The energy storage device(s) for pneumatic auyikguipment shall be isolated.

From an initial speed of not less thankBth, on a surface with a coefficient of
adhesion of 0.3 or lesg,8he brakes of the laden vehicle shall be fuppleed for a
time t, during which time the energy consumed by itidirectly controlled wheels
shall be taken into consideration and all directiptrolled wheels shall remain under
control of the anti-lock system.

The vehicle's engine shall then be stompettie supply to the energy transmission
storage device(s) cut off.

The service braking control device shaknt be fully actuated four times in
succession with the vehicle stationary.

When the control device is applied forfifta time, it shall be possible to brake the
vehicle with at least the performance prescribedsérondary braking of the laden
vehicle.

6/ Until such test surfaces become generally aviailaigres at the limit of wear, and higher
values up to 0.4 may be used at the discretiorhefTtechnical Service. The actual value
obtained and the type of tyres and surface shakberded.
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During the tests, in the case of a poweed vehicle authorized to draw a trailer
equipped with a compressed-air braking systemstipply line shall be stopped and
an energy storage device of 0.5 litre capacityldb@lconnected to the pneumatic
control line - if fitted - (in accordance with pgraph 1.2.2.3. of Part A of Annex 7 to
this Regulation). When the brakes are appliedtlier fifth time, as provided in
paragraph 5.1.1.5. above, the energy level suppi¢ide pneumatic control line shall
not be below half the level obtained at a full agggion starting with the initial
energy level.

Additional requirements

The coefficient of adhesion of the roadame shall be measured with the vehicle
under test, by the method described in paragrahtol Appendix 2 to this annex.

The braking test shall be conducted vhighengine disconnected and idling, and with
the vehicle laden.

The braking time t shall be determinedhgyformula:

t:\’%&‘X (butnotlessthanl5seconds)

where t is expressed in seconds agng kepresents the maximum design speed of the
vehicle expressed in km/h, with an upper limit 60 km/h.

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

If the test is conducted in several phasedresh energy shall be supplied between
the phases of the test.

From the second phase, the energy consumptioespmnding to the initial brake
application may be taken into account, by subtngctine full brake application from
the four full applications prescribed in paragr&phl.4. (and paragraphs 5.1.1.5.,
5.1.1.6. and 5.1.2.6.) of this annex for each ef $kecond, third and fourth phases
used in the test prescribed in paragraph 5.1.thi@fannex as applicable.

The performance prescribed in paragrapid.5. of this annex shall be deemed to be
satisfied if, at the end of the fourth applicatianth the vehicle stationary, the energy
level in the storage device(s) is at or above tequired for secondary braking with
the laden vehicle.
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5.2. Utilization of adhesion

5.2.1. The utilization of adhesion by the anti-logkstem takes into account the actual
increase in braking distance beyond the theoretitaimum. The anti-lock system
shall be deemed to be satisfactory when the camditix> 0.75 is satisfied, where
represents the adhesion utilized, as defined iagpaph 1.2. of Appendix 2 to this
annex.

5.2.2. The adhesion utilizationshall be measured on road surfaces with a coefficof
adhesion of 0.3 or les®/, and of about 0.8 (dry road), with an initial speef
50 km/h. To eliminate the effects of differentibrake temperatures it is
recommended thahz be determined prior to the determination of k.

5.2.3. The test procedure to determine the coefftcof adhesion (k) and the formulae for
calculation of the adhesion utilizatiog) Shall be those laid down in Appendix 2 to
this annex.

5.2.4. The utilization of adhesion by the anti-laekstem shall be checked on complete
vehicles equipped with anti-lock systems of categgol or 2. In the case of vehicles
equipped with category 3 anti-lock systems, ongydlile(s) with at least one directly
controlled wheel shall satisfy this requirement.

5.2.5. The conditiom > 0.75 shall be checked with the vehicle both |aalesh unladen. /7

The laden test on the high adhesion surface mayred if the prescribed force on
the control device does not achieve full cyclingra# anti-lock system.

For the unladen test, the control force may besgmed up to 100 daN if no cycling is
achieved with its full force valug/.8 If 100 daN is insufficient to make the system
cycle, then this test may be omitted. For air mglsystems the air pressure may not
be increased above the cut-out pressure for theoparof this test.

5.3. Additional checks

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

7/ Until a uniform test procedure is established, tdsts required by this paragraph may have
to be repeated for vehicles equipped with eledtriegenerative braking systems, in order to
determine the effect of different braking distrioat values provided by automatic functions on
the vehicle.

8/ "Eull force' means the maximum force laid down in Annex 4 his tRegulation for the
category of vehicle; a higher force may be useddtiired to activate the anti-lock system.
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5.3.1. The wheels directly controlled by an antkiesystem shall not lock when the full
force 8 is suddenly applied on the control device, onribeed surfaces specified in
paragraph 5.2.2. of this annex, at an initial speed0 km/h and at a high initial
speed as indicated on the table below:1¢

Vehicle category Maximum test speed

High-adhesion | All categories except 0.8 Mnax < 120 km/h
surface N,, N3 laden

N, N3 laden 0.8 Max< 80 km/h
Low-adhesion | N; 0.8 Vhax< 120 km/h
surface M., Ma, N, except tractors | 0.8 max< 80 km/h

for semi-trailers

N3z and N tractors for semi-| 0.8 max < 70 km/h

trailers

5.3.2. When an axle passes from a high-adhesidacgufk,) to a low-adhesion surface

(ko) where Iy > 0.5 and k/k. > 2, 11 with the full force_8applied on the control
device, the directly controlled wheels shall natkio The running speed and the
instant of applying the brakes shall be so caledl@hat, with the anti-lock system
fully cycling on the high-adhesion surface, thegaa® from one surface to the
other is made at high and at low speed, under traittons laid down in
paragraph 5.3.1. of this Annex/10

5.3.3. When a vehicle passes from a low-adhesiofaci (k) to a high-adhesion
surface (k) where k > 0.5 and k/k, > 2, 11 with the full force_8 applied on the
control device, the deceleration of the vehiclellstigse to the appropriate high
value within a reasonable time and the vehiclel sinatl deviate from its initial
course. The running speed and the instant of apgplthe brakes shall be so
calculated that, with the anti-lock system fullycbgg on the low-adhesion
surface, the passage from one surface to the abeurs at approximately
50 km/h.

9/ The provisions of this paragraph apply as of I&8d 1992 (Decision of the Working
Party on the Construction of Vehicles, TRANS/SC.R/\&8/341, para. 23).
10/ The purpose of these tests is to check that theels 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.
117 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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5.3.4.

5.3.5.

5.3.6.

5.3.7.

6.1.

6.1.1.

6.1.2.

In the case of vehicles equipped with antklsystems of categories 1 or 2, when
the right and left wheels of the vehicle are si#dabn surfaces with differing
coefficients of adhesion (kand k), where I >0.5 and k/k. >2, 11 the
directly controlled wheels shall not lock when thi force § is suddenly applied
on the control device at a speed of 50 km/h.

Furthermore, laden vehicles equipped wititlaok systems of category 1 shall,
under the conditions of paragraph 5.3.4. of thiseansatisfy the prescribed
braking rate in Appendix 3 to this annex.

However, in the tests provided in paragrdpBdl., 5.3.2., 5.3.3., 5.3.4. and 5.3.5.
of this annex, brief periods of wheel-locking shb# allowed. Furthermore,
wheel-locking is permitted when the vehicle speebkss than 15 km/h; likewise,
locking of indirectly controlled wheels is permitat any speed, but stability and
steerability shall not be affected.

During the tests provided in paragraphs45.8nd 5.3.5. of this annex, steering
correction is permitted, if the angular rotationtbé steering control is within

120 ° during the initial two seconds, and not mitian 240 ° in all. Furthermore,

at the beginning of these tests the longitudinadliare plane of the vehicle shall

pass over the boundary between the high- and |dwesidn surfaces and during
these tests no part of the (outer) tyres shallsctiis boundary./7

SPECIAL PROVISIONS CONCERNING TRAILERS

Energy consumption

Trailers equipped with anti-lock systems shall bedssigned that, even after the
service braking control device has been fully sgplior some time, the vehicle
retains sufficient energy to bring it to a halthiit a reasonable distance.

Compliance with the above requirement sbell checked by the procedure
specified below, with the vehicle unladen, on aight and level road with a
surface having a good coefficient of adhesiohdr®i with the brakes adjusted as
closely as possible and with the proportioning/lsadsing valve (if fitted) held
in the "laden" position throughout the test.

In the case of compressed-air braking systehre initial energy level in the
energy transmission storage device(s) shall bevalpnit to a pressure of 800 kPa
at the coupling head of the trailer's supply line.

12/ If the coefficient of adhesion of the test traskoo high, preventing the anti-lock braking
system from full cycling, then the test may be iearout on a surface with a lower coefficient of

adhesion.
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6.1.3. With an initial vehicle speed of at leastké@h the brakes shall be fully applied
for a time t=15s, during which all wheels shamain under control of the
anti-lock system. During this test, the supplythe energy transmission storage
device(s) shall be cut off.

If the time t = 15 s cannot be completed in a @rglking phase, further phases
may be used. During these phases no fresh eneatjyog supplied to the energy

transmission storage device(s) and, as from thensephase, the additional

energy consumption for filling the actuators id#taken into account, e.g. by the
following test procedure.

The pressure in the reservoir(s) when startinditeephase is to be that stated in
paragraph 6.1.2. of this annex. At the beginnifghe following phase(s) the
pressure in the reservoir(s) after applicatiorheftirakes shall be not less than the
pressure in the reservoir(s) at the end of thegatieg phase.

At the subsequent phase(s), the only time to bentakto account is from the
point at which the pressure in the reservoir(sg¢dsial to that at the end of the
preceding phase.

6.1.4. At the end of the braking, with the vehistationary, the service braking control
device shall be fully actuated four times. Duritige fifth application, the
pressure in the operating circuit shall be suffiti® provide a total braking force
at the periphery of the wheels equal to not leaa 2.5 per cent of the maximum
stationary wheel load and without causing an autmmapplication of any
braking system not being under the control of thielack system.

6.2. Utilization of adhesion

6.2.1. Braking systems equipped with an anti-loggtem shall be deemed acceptable
when the conditior > 0.75 is satisfied, whererepresents the adhesion utilized,
as defined in paragraph 2 of Appendix 2 to thisexnnThis condition shall be
verified with the vehicle unladen, on a straightddavel road with a surface
having a good coefficient of adhesion/ 12/

6.2.2. To eliminate the effects of differential keatemperatures, it is recommended to
determine ga. prior to the determination okk

13 In the case of trailers equipped with a brakel lsansing device, the pressure setting of the
device may be increased to ensure full cycling.
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6.3.

6.3.1.

6.3.2.

6.3.3.

Additional checks

At speeds exceeding 15 km/h, the wheelscttiireontrolled by an anti-lock
system shall not lock when the full forcé i8 suddenly applied on the control
device of the towing vehicle. This shall be chetkender the conditions
prescribed in paragraph 6.2. of this annex, atiainispeeds of 40 km/h
and 80 km/h.

The provisions of this paragraph shall oampply to trailers equipped with an
anti-lock system of category A. When the right deid wheels are situated on
surfaces which produce differing maximum brakingesa(an and zaiL),
where

Zra 5 0 5 and ZRAN 5 0
EH ZRrALL

the directly controlled wheels shall not lock whie full force 8 is suddenly
applied on the control device of the towing vehiatea speed of 50 km/h. The
ratio Zan/Zra. May be ascertained by the procedure in paragraph 2
Appendix 2 of this annex or by calculating the ogatka n/Zra- Under this
condition the unladen vehicle shall satisfy the spribed braking rate in
Appendix 3 to this annex. 13

At vehicle speeds 25 km/h the directly controlled wheels are pereditto lock
for brief periods, but at speeds < 15 km/h any ilnghs permissible. Indirectly
controlled wheels are permitted to lock at any ddmat in all cases stability shall
not be affected.
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Annex 13 - Appendix 1

SYMBOLS AND DEFINITIONS

TABLE: SYMBOLS AND DEFINITIONS

SYMBOL NOTES

E Wheelbase

Er Distance between king-pin and centre of axle tesawf semi-trailer (or distance
between drawbar coupling and centre of axle orsaafecentre-axle trailer)

€ the adhesion utilized of the vehicle: quotientld maximum braking rate with
the anti-lock system operativea(2 and the coefficient of adhesion (k)

& the e-value measured on axle i (in the case of a powgeul vehicle with &
category 3 anti-lock system)

€H thee-value on the high-adhesion surface

eL thee-value on the low-adhesion surface

F force [N]

For Braking force of the trailer with the anti-lockstgm inoperative

Formax Maximum value of g

Formaxi value of lrmaxWith only axle i of the trailer braked

ForaL Braking force of the trailer with the anti-lockssgm operative

Fend total normal reaction of road surface on the akbd and non-driven axles @f
the vehicle combination under static conditions

Fed total normal reaction of road surface on the ukddaand driven axles of the
vehicle combination under static conditions

Fayn Normal reaction of road surface under dynamic daws with the anti-lock
system operative

Fidyn Fayn ON axle i in case of power-driven vehicles or frdlilers

F Normal reaction of road surface on axle i undatistonditions

Fv total normal static reaction of road surface dinwheels of power-driver
(towing) vehicle

Fuvng 1/ Total normal static reaction of road surface ba tinbraked and non-driven
axles of the power-driven vehicle

Fva 1/ Total normal static reaction of road surface lo@ inbraked and driven axles |pf
the power-driven vehicle

Fr Total normal static reaction of road surface dnvhkels of trailer

Frayn Total normal dynamic reaction of road surface lom @axle(s) of semi-trailer gf
centre-axle trailer

Fwwm I/ 0.01 Fyng + 0.015 kg

G Acceleration due to gravity (9.81 f)/s

i) Funa and kg in case of two-axled power-driven vehicles: thegenbols may be

gimplified to corresponding;symbols.
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TABLE: SYMBOLS AND DEFINITIONS

D

11

—

SYMBOL NOTES

H Height of centre of gravity specified by the mgacturer and agreed by th
Technical Service conducting the approval test

ho Height of drawbar (hinge point on trailer)

hk Height of fifth wheel coupling (king pin)

hg Height of centre of gravity of the trailer

K Coefficient of adhesion between tyre and road

ks k-factor of one front axle

Kn k-value determined on the high-adhesion surface

ki k-value determined on axle i for a vehicle witbagegory 3 anti-lock system

ki k-value determined on the low-adhesion surface

Kiock Value of adhesion for 100 % slip

K k-factor of the power-driven vehicle

Koeak Maximum value of the curve "adhesion versus slip”

K k-factor of one rear axle

kr k-factor of the trailer

P mass of individual vehicle [kq]

R ratio of keakt0 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-lonkstem operative

Zc Braking rate z of the vehicle combination, witle ttnailer only braked and th
anti-lock system inoperative

ZcAL Braking rate z of the vehicle combination, witle ttnailer only braked and th
anti-lock system operative

ZCmax Maximum value of g

Zcmaxi Maximum value of  with only axle i of the trailer braked

Zm mean braking rate

Zmax Maximum value of z

ZMALS za. Of the power-driven vehicle on a "split surface"

Zr Braking rate z of the trailer with the anti-locksgem inoperative

ZRAL za. of the trailer obtained by braking all the axi#® towing vehicle unbrake
and its engine disengaged

ZRALH ZraL ON the surface with the high coefficient of adbasi

ZRALL ZraL ON the surface with the low coefficient of adhasio

ZRALS ZraL ON the split-surface

ZrRH Zr on the surface with the high coefficient of adbasi

ZrL

Zr on the surface with the low coefficient of adhesio
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TABLE: SYMBOLS AND DEFINITIONS

SYMBOL NOTES
ZRHmax Maximum value of g4
ZRLmax Maximum value of g,

ZRmax

Maximum value of g
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1.1.1.

1.1.2.

1.1.3.

1.1.3.1.

1.1.3.2.

1.1.4.

Annex 13 - Appendix 2

UTILIZATION OF ADHESION
METHOD OF MEASUREMENT FOR POWER-DRIVEN VEHICLES

Determination of the coefficient of adhesi&h (

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 braked.

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

A number of tests at increments of line guwes 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 bélldetermined by reference to
the time taken (t) for the speed to reduce fromkdGh to 20 km/h using the
formula:

Zmax IS the maximum value of z; tis in seconds.
Wheel lock may occur below 20 km/h.
Starting from the minimum measured val@ig, c@alled t,,, then select three

values of t comprised within,t, and 1.054i, and calculate their arithmetical
mean valuet, then calculate

tm

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

The braking forces shall be calculated fiitven measured braking rate and the
rolling resistance of the unbraked axle(s) whickdsal to 0.015 and 0.010 of the
static axle load for a driven axle and a non-driggle, respectively.
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The dynamic load on the axle shall be thatrgby the formulae in Annex 10 to
this Regulation.

The value of k shall be rounded to threendalcplaces.

Then, the test will be repeated for the oéxde(s) as defined in paragraphs 1.1.1.
to 1.1.6. above (for exemptions see paragraphahdi1.5. below).

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

2. [P g - 0.015[ F,

(2, (P

ki =

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

Determination of the adhesion utilized (

The adhesion utilized)(is defined as the quotient of the maximum brakaitg
with the anti-lock system operativea(2 and the coefficient of adhesionyki.e.,

From an initial vehicle speed of 55 km/le thaximum braking rate {z) shall be
measured with full cycling of the anti-lock bragisystem and based on the
average value of 3 tests, as in paragraph 1.1iBioAppendix, using the time
taken for the speed to reduce from 45 km/h to 1Hhkaccording to the following
formula:

0.849
tm

The coefficient of adhesiog khall be determined by weighting with the
dynamic axle loads.

ZaL =

kf -Ffdyn + kr-Frdyn
P.g

kv =

where:

h
Ftayn = F +E ~ZAL Pg
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1.2.4.

1.2.5.

1.2.6.

1.3.

1.4.

1.5.

1.5.1.

h
Frdyn =F 'E ~ZAL Pg

The value of shall be rounded to two decimal places.

In the case of a vehicle equipped with d@ilaok system of categories 1 or 2, the
value of z_ will be based on the whole vehicle, with the dotk system
operative, and the adhesion utilizex) s given by the same formula quoted in
paragraph 1.2.1. of this appendix.

In the case of a vehicle equipped with anrlack 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 enxehicle with an anti-lock
system acting only on the rear axle (2), the adimestilized €) is given by:

_ za -P.g-0.010.F

€2 —

h
k2 (F2 ‘E .zaL -P.0)

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

If ¢ > 1.00 the measurements of coefficients of adinestmll be repeated. A
tolerance of 10 per cent is accepted.

For power-driven vehicles equipped with thagkes, only the axle not associated
with a close-coupled bogie will be used to esthldisk value for the vehicle/ 1

For vehicles of categories Bnd N with a wheelbase less than 3.80 m and with
h/E >0.25 the determination of the coefficient of adbedor the rear axle will
be omitted.

In that case the adhesion utilizedi¢ defined as the quotient of the maximum
braking rate with the anti-lock system operativg, Yzand the coefficient of
adhesion (R i.e.

—Za

ki

1/ Until a uniform test procedure is agreed, velsicth more than three axles and special
vehicles will be subject to consultation with thechinical Service.
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METHOD OF MEASUREMENT FOR TRAILERS

General

The coefficient of adhesion (k) shall beed®ined as the quotient of the
maximum braking forces without locking the wheelsdathe corresponding
dynamic load on the axle being braked.

The brakes shall be applied on only one akide trailer under test, at an initial
speed of 50 km/h. The braking forces shall beridisted between the wheels of
the axle to reach maximum performance. The agk-lsystem shall be
disconnected or inoperative, between 40 km/h ankh2®.

A number of tests at increments of line gues shall be carried out to determine
the maximum braking rate of the vehicle combina{@mnay) with the trailer only
braked. During each test, a constant input fottal e maintained and the
braking rate will be determined by reference totthee taken (t) for the speed to
reduce from 40 km/h to 20 km/h using the formula:

Wheel lock may occur below 20 km/h.

Starting from the minimum measured valfig, c@alled t,,, then select three
values of t comprised within,t, and 1.054i, and calculate their arithmetical
mean valuegt, then calculate

_ 0.566

z =
Cmax
tm

If it is demonstrated that for practical reasohse three values defined above
cannot be obtained, then the minimum timg hay be utilized.

The adhesion utilized)(shall be calculated by means of the formula:

The k value has to be determined according togpaph 2.2.3. of this appendix
for full trailers or paragraph 2.3.1. of this apgixfor semi-trailers respectively.

Ife > 1.00 the measurements of coefficients of adinestwll be repeated. A
tolerance of 10 per cent is accepted.
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2.1.6.

2.2.

2.2.1.

2.2.2.

2.2.3.

The maximum braking raterfz) shall be measured with full cycling of the
anti-lock braking system and the towing vehicle naikled, based on the average
value of three tests, as in paragraph 2.1.3. efappendix.

Full trailers
The measurement of k (with the anti-lock texys being disconnected, or
inoperative, between 40 km/h and 20 km/h) will fprmed for the front and

the rear axles.

For one front axle i:

Fmeaxi = Zemaxi (FM + FR) - O-OJFCnd - 0015:Cd
Fan = F + ZCmaxi(FM -ho +g.P.hR)- Fwwm -ho
E
kf — Fmeaxi
Fiayn

For one rear axle i:

Formaxi = Zcmaxi- (Fm + Fr) = 0.01Fcqq - 0.015F¢,

_ Zemaxi(Fw -ho_+9.P-he) - Fwm - ho
E

Fldyn = Fi

= Fmeaxi

Figyn

Kr

The values ofiland k will be rounded to three decimal places.

The coefficient of adhesior &hall be determined proportionally according t® th
dynamic axle loads.

- kf -Ffdyn + kr ' Frdyn

kr Pg
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2.2.4. Measurement okz_(with the anti-lock system operative)

_ Zca -(Fu ¥ Fr)-0.01Fc - 0.015~,
Zrar = F
R

ZraL is to be determined on a surface with a high edefit of adhesion and, for
vehicles with a category A anti-lock system, also @ surface with a low
coefficient of adhesion.

2.3. Semi-trailers and centre-axle trailers

2.3.1. The measurement of k (with the anti-lock tesys being disconnected or
inoperative, between 40 km/h and 20 km/h) shaltdreied out with wheels fitted
only on one axle, the wheels of the other axlefs)yamoved.

Formax = Zcmax- (Fm + Fr) - Fwm

_ Formax-hx + Zcmax gP(hR - hK)

Frayn = Fr
Er
k — Fmeax
FRdyn
2.3.2. The measurement afaz (with the anti-lock system operative) shall beriear

out with all wheels fitted.

Forar = Zcac -(Fu + Fr) - Fum

_Forac-hk + zear -9-P.(hg -hy)
Er

Frayn = Fr

7 _ I:bRAL
RAL ~ =
Rdyn

ZraL IS to be determined on a surface with a high edefit of adhesion and, for
vehicles with a category A anti-lock system, also & surface with a low
coefficient of adhesion.
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1.1

1.2.

1.3.

2.1.

2.2.

Annex 13 - Appendix 3

PERFORMANCE ON DIFFERING ADHESION SURFACES

Power-driven vehicles

The prescribed braking rate referred to inageaph 5.3.5. of this annex may be
calculated by reference to the measured coeffigéatihesion of the two surfaces on
which this test is carried out. These two surfaskall satisfy the conditions
prescribed in paragraph 5.3.4. of this annex.

The coefficient of adhesion(land k) of the high- and low- adhesion surfaces,
respectively, shall be determined in accordanck Wié provisions in paragraph 1.1.
of Appendix 2 to this annex.

The braking rate @&.s) for laden power-driven vehicles shall be:

ZMALS > 0.75% and ZMALS > kL

Trailers

The braking rate referred to in paragraph26.8f this annex may be calculated by
reference to the measured braking ratggzand za. . on the two surfaces on which
the tests are carried out with the anti-lock systgrarative. These two surfaces shall
satisfy the conditions prescribed in paragraph26 &.this annex.

The braking ratezz s shall be:

Zrals 2

0.75 4 ZralL * ZratH
EH S

and

ZRALL

ZRrALS =
€H

If eq > 0.95, usey = 0.95
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METHOD OF SELECTION OF THE LOW-ADHESION SURFACES

1. Details of the -coefficient of adhesion of therface selected, as defined in
paragraph 5.1.1.2. of this annex, shall be givetheolrechnical Service.

1.1. These data shall include a curve of the ocgefit of adhesion versus slip (from 0 to 100
per cent slip) for a speed of approximately 40 knith

1.1.1. The maximum value of the curve will reprédep.«and the value at 100 per cent slip
will represent fgck.

1.1.2. The ratio R shall be determined as the gobbtf the keaxand kock.

R = kpeak
klock

1.1.3. The value of R shall be rounded to one dakcpiace.
1.1.4. The surface to be used shall have a rabetReen 1.0 and 2.0./ 2

2. Prior to the tests, the Technical Service skafiure that the selected surface meets the
specified requirements and shall be informed offélewing:
(@) test method to determine R,
(b) type of vehicle (power-driven vehicle, trajler),
(c) axle load and tyres (different loads and défe tyres have to be tested and the
results shown to the Technical Service which weiide if they are representative for the
vehicle to be approved).

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

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

1/ Until a uniform test procedure is establishedtf& determination of the adhesion curve for
vehicles with a maximum mass exceeding 3.5 tontescurve established for passenger cars
may be used. In this case, for such vehiclesrahe keaxto kock shall be established using a
value of keakas defined in Appendix 2 to this annex. With te@sent of the Technical Service,
the coefficient of adhesion described in this peaply may be determined by another method
provided that the equivalence of the valuesyefdand k.« are demonstrated.

2/ Until such test surfaces become generally avigijad ratio R up to 2.5 is acceptable,
subject to discussion with the Technical Service.
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1.1.

1.2.

1.3.

1.4.

1.5

1.6.

2.1.

2.2.

2.3.

Annex 14

TEST CONDITIONS FOR TRAILERS WITH ELECTRICAL BRAKIS SYSTEMS

GENERAL

For the purposes of the following provisioriectrical braking systems are service
braking systems consisting of a control deviceglaatromechanical transmission device,
and friction brakes. The electrical control deviegulating the voltage for the trailer
shall be situated on the trailer.

The electrical energy required for the eleatfrbraking system is supplied to the trailer
by the towing vehicle.

Electrical braking systems shall be actuateaerating the service braking system of
the towing vehicle.

The nominal voltage rating shall be 12 V.
The maximum current consumption shall not egcks A.

The electrical connection of the electricadking system to the towing vehicle shall be
effected by means of a special plug and socketexiion corresponding to .../ the
plug of which shall not be compatible with the setskof the lighting equipment of the
vehicle. The plug together with the cable shalsibeated on the trailer.

CONDITIONS CONCERNING THE TRAILER

If there is a battery on the trailer fed bg fbower supply unit of the towing vehicle, it
shall be separated from its supply line during iserbraking of the trailer.

With trailers whose unladen mass is less faper cent of their maximum mass, the
braking force shall be automatically regulated darection of the loading condition of
the trailer.

Electrical braking systems shall be such theen when the voltage in the connection
lines is reduced to a value of 7V, a braking dffeic20 per cent of the (sum of the)
maximum stationary axle load(s) is maintained.

1/ Under study. Until the characteristics of thieasial connection have been determined, the
type to be used will be indicated by the Nationathority granting the approval.
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Control devices for regulating the brakingcBrwhich react to the inclination in the
direction of travel (pendulum, spring-mass-systdiguid-inertia-switch) shall, if the
trailer has more than one axle and a verticallystdpble towing device, be attached to
the chassis. In the case of single-axle trailatsteailers with close-coupled axles where
the axle spread is less than 1 metre, these codé&walces shall be equipped with a
mechanism indicating its horizontal position (espjrit level) and shall be manually
adjustable to allow the mechanism to be set inhtezontal plane in line with the
direction of travel of the vehicle.

The relay for actuating the braking currentatordance with paragraph 5.2.1.19.2. of
this Regulation, which is connected to the actuggliime, shall be situated on the trailer.

A dummy socket shall be provided for the plug.

A tell-tale shall be provided at the contreVite, lighting up at any brake application and
indicating the proper functioning of the traileeetrical braking system.

PERFORMANCE

Electrical braking systems shall respond atdexeleration of the tractor/trailer
combination of not more than 0.4 /s

The braking effect may commence with an ihidraking force, which shall not be higher
than 10 per cent of the (sum of the) maximum statip axle load(s) nor higher
than 13 per cent of the (sum of the) stationarg godd(s) of the unladen trailer.

The braking forces may also be increasedejpsst At higher levels of the braking forces

than those referred to in paragraph 3.2. of threearthese steps shall not be higher than
6 per cent of the (sum of the) maximum stationatg éoad(s) nor higher than 8 per cent

of the (sum of the) stationary axle load(s) of tikaden trailer.

However, in the case of single-axle trailers hgvan maximum mass not exceeding
1.5 tonnes, the first step shall not exceed 7 et of the (sum of the) maximum
stationary axle load(s) of the trailer. An incread 1 per cent of this value is permitted
for the subsequent steps (example: first step T@et, second step 8 per cent, third step
9 per cent, etc; any further step should not exd€egder cent). For the purpose of these
provisions a two-axle trailer having a wheelbasertsln than 1 m will be considered as a
single axle trailer.

The prescribed braking force of the trailerabfleast 50 per cent of the maximum total
axle load shall be attained - with maximum massthe case of a mean fully developed
deceleration of the tractor/trailer combinationnot more than 5.9 nfisvith single-axle
trailers and of not more than 5.6 Mmisith multi-axle trailers. Trailers with close-
coupled axles where the axle spread is less thanate also considered as single-axle
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3.5.

3.6.

trailers within the meaning of this provision. Mower, the limits as defined in the
appendix to this annex shall be observed. If tfaibg force is regulated in steps, they
shall lie within the range shown in the appendixhis annex.

The test shall be carried out with an inisjpéed of 60 km/h.

Automatic braking of the trailer shall be pd®d in accordance with the conditions of
paragraph 5.2.2.9. of this Regulation. If thisomgtic braking action requires electrical
energy, a trailer braking force of at least 25 gt of the maximum total axle load shall
be achieved for at least 15 minutes to satisfyatt®/e-mentioned conditions.
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COMPATIBILITY OF THE BRAKING RATE OF THE TRAILER AND THE MEAN FULLY
DEVELOPED DECELERATION OF THE TRACTOR/TRAILER COMBIATION
(TRAILER LADEN AND UNLADEN).

-
—R 08
P R
0.7
single - axle 0.65
multi - axle trailers @ I
0.6
0.5 \ ,
0.4 )
0.3 /<
P single\axle
0.2 y |
/ multi - éxle trailérs
0.1
MFDD dm
1.C 2.0 3. 4. 5.C 6.0 70
0.4 5.6 5.9
Notes
1. Limits indicated in the diagram refer to lademdainladen trailers. When the trailer

unladen mass exceeds 75 per cent of its maximuns,hiasts shall be applied only to
"laden" conditions.

2. Limits indicated in the diagram do not affect ghrovisions of this annex regarding the
minimum braking performances required. Howevetreiking performances obtained
during test - in accordance with provisions indeéchin paragraph 3.4. of this annex - are
greater than those required, said performances sbiaéxceed the limits indicated in the
above diagram.

Tr = sum of braking forces at periphery of all whesl¢railer.
Pr = total normal static reaction of road surfacenreels of trailer.
dmn = mean fully developed deceleration of tractoiléracombination.
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Annex 15
INERTIA DYNAMOMETER TEST METHOD FOR BRAKE LININGS

1. GENERAL

1.1. The procedure described in this annex mayppéeal in the event of a modification of
vehicle type resulting from the fitting of brakaeitigs of another type to vehicles which
have been approved in accordance with this Regulati

1.2. The alternative types of brake linings shallchecked by comparing their performance
with that obtained from the brake linings with wiithe vehicle was equipped at the
time of approval and conforming to the componerdsniified in the relevant
information document, a model of which is giverAinnex 2 to this Regulation.

1.3. The Technical Service responsible for condigctpproval tests may at its discretion
require comparison of the performance of the brhkmgs to be carried out in
accordance with the relevant provisions contaime@lrinex 4 to this Regulation.

1.4 Application for approval by comparison shall inade by the vehicle manufacturer or
by his duly accredited representative.

1.5 In the context of this annex, "vehickhall mean the vehicle-type approved according
to this Regulation and for which it is requestedlt tthe comparison shall be considered
satisfactory.

2. TEST EQUIPMENT

2.1 A dynamometer having the following characterssshall be used for the tests:

2.1.1. It shall be capable of generating the inertiquired by paragraph 3.1. of this annex,
and have the capacity to meet the requirementsciioes by paragraphs 1.5., 1.6.
and 1.7. of Annex 4 to this Regulation with respeciType-I, Type-ll and Type-lIII
tests.

2.1.2. The brakes fitted shall be identical witbgh of the original vehicle-type concerned.

2.1.3.  Air cooling, if provided, shall be in accargte with paragraph 3.4. of this annex.

2.1.4. The instrumentation for the test shall bpatée of providing at least the following

data:

2.1.4.1. a continuous recording of disc or drumatiohal speed,;



2.1.4.2.

2.1.4.3.

2.1.4.4.

2.1.4.5.

2.1.4.6.

3.

3.1.

3.2.

3.3.

3.4.
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number of revolutions completed duringt@psto a resolution not greater than one
eighth of a revolution;

stop time;

a continuous recording of the temperatueasured in the centre of the path swept by
the lining or at mid-thickness of the disc or dramining;

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

The dynamometer shall be set as close ashbmssiith + 5 per cent tolerance, to the
rotary inertia equivalent to that part of the totartia of the vehicle braked by the
appropriate wheel(s) according to the followingnaita:

| = MR?

where:

| = rotational inertia [kgh?]

R = dynamic tyre rolling radius [m]

M = that part of the maximum mass of the vehialeked by the appropriate wheel(s).
In the case of a single-ended dynamometer, thissbatl be calculated from the
design braking distribution in the case of vehiotéscategories WM M3 and N
when deceleration corresponds to the appropridtee\given in paragraph 2.1. of
Annex 4 to this Regulation; in the case of vehiaésategory O (trailers), the
value of M will correspond to the load on the grduor the appropriate wheel
when the vehicle is stationary and loaded to itgimam mass.

The initial rotational speed of the inertiandgnometer shall correspond to the linear
speed of the vehicle as prescribed in Annex 4 i®Regulation and shall be based on
the dynamic rolling radius of the tyre.

Brake linings shall be at least 80 per cemtdbed and shall not have exceeded a
temperature of 180 °C during the bedding procedarealternatively, at the vehicle
manufacturer's request, be bedded in accordanbehigirecommendations.

Cooling air may be used, flowing over the leraka direction perpendicular to its axis
of rotation. The velocity of the cooling air ovie brake shall be:

Vair = 033 \)
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4.1.

4.2.

4.3.

4.3.1.

4.3.2.

4.3.3.

4.3.4.

where
v = vehicle test speed at initiation of braking.

The temperature of the cooling air shall be théiant temperature.

TEST PROCEDURE

Five sample sets of the brake lining shaklgected to the comparison test; they shall
be compared with five sets of linings conforminghe original components identified
in the information document concerning the firstpgyval of the vehicle type
concerned.

Brake lining equivalence shall be based onraparison of the results achieved using
the test procedures prescribed in this annex andcaordance with the following

requirements.

Type-0 cold performance test

Three brake applications shall be made wherinitial temperature is below 100 °C.
The temperature shall be measured in accordancé whe provisions of
paragraph 2.1.4.4. of this annex.

In the case of brake linings intended fax aa vehicles of categories,MM; and N,
brake applications shall be made from an initightional speed equivalent to that
given in paragraph 2.1. of Annex 4 to this Regolatiand the brake shall be applied to
achieve a mean torque equivalent to the deceleratiescribed in that paragraph. In
addition, tests shall also be carried out at sévwetational speeds, the lowest being
equivalent to 30 per cent of the maximum speechefvehicle and the highest being
equivalent to 80 per cent of that speed.

In the case of brake linings intended foe w, vehicles of category O, brake
applications shall be made from an initial rotatibepeed equivalent to 60 km/h, and
the brake shall be applied to achieve a mean toegugvalent to that prescribed in
paragraph 3.1. of Annex 4 to this Regulation. Aamentary cold performance test
from an initial rotational speed equivalent to 4fh/k shall be carried out for

comparison with the Type-I test results as desdribgparagraph 3.1.2.2. of Annex 4 to
this Regulation.

The mean braking torque recorded duringabeve cold performance tests on the
linings being tested for the purpose of comparisirall, for the same input

measurement, be within the test limits + 15 pertcainthe mean braking torque

recorded with the brake linings conforming to tleengponent identified in the relevant

application for vehicle type approval.
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Type-I test (fade test)

With repeated braking

Brake linings for vehicles of categories M3 and N shall be tested according to the
procedure given in paragraph 1.5.1. of Annex 4i® Regulation.

With continuous braking

Brake linings for trailers (category O)akhbe tested in accordance with
paragraph 1.5.2. of Annex 4 to this Regulation.

Hot performance

On completion of the tests required upadeagraphs 4.4.1. and 4.4.2. of this annex, the
hot braking performance test specified in paragptB3. of Annex 4 to this
Regulation shall be carried out.

The mean braking torque recorded durirgg ahove hot performance tests on the
linings being tested for the purpose of comparisitall, for the same input
measurement, be within the test limi¢sl5 per cent of the mean braking torque
recorded with the brake linings conforming to tleenponent identified in the relevant
application for vehicle type approval.

Type-Il test (downhill behaviour test)

This test is required only if, on the vegitfpe in question, the friction brakes are used
for the Type-Il test.

Brake linings for power-driven vehicles daitegory M (except for those vehicles
required to undergo a Type-llA test according toagsaph 1.6.4. of Annex 4 to this
Regulation) and categorysNand trailers of category,8hall be tested according to the
procedure set out in paragraph 1.6.1. of AnnexthitoRegulation.

Hot performance

On completion of the test required undaragraph 4.5.1. of this annex, the hot
performance test specified in paragraph 1.6.3. mfiek 4 to this Regulation shall be
carried out.

The mean braking torque recorded durirgg ahove hot performance tests on the
linings being tested for the purpose of comparisitall, for the same input
measurement, be within the test limi¢sl5 per cent of the mean braking torque
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4.6.

4.6.1.

4.6.1.1.

4.6.2.

4.6.2.1.

4.6.2.2.

5.1.

recorded with the brake linings conforming to tleenponent identified in the relevant
application for vehicle type approval.

Type-lll test (fade test)

Test with repeated braking

Brake linings for trailers of category, Ghall be tested according to the procedure
given in paragraphs 1.7.1. and 1.7.2. of Annex thiRegulation.

Hot performance

On completion of the tests required up@eagraphs 4.6.1. and 4.6.2. of this annex, the
hot braking performance test specified in paragrdph.2. of Annex 4 to this
Regulation shall be carried out.

The mean braking torque during the abatepbrformance tests on the linings being
tested for the purpose of comparison shall, forddme input measurement, be within
the test limits 15 per cent of the mean braking torque recordeld thie brake linings
conforming to the component identified in the ralety application for vehicle type
approval.

INSPECTION OF BRAKE LININGS

Brake linings shall be visually inspected ompletion of the above tests to check that
they are in satisfactory condition for continued usnormal service.
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Annex 17

TEST PROCEDURE TO ASSESS THE FUNCTIONAL COMPATIBIY OF VEHICLES
EQUIPPED WITH ELECTRIC CONTROL LINES

1. GENERAL

1.1. This annex defines a procedure that may bd tseheck towing and towed
vehicles equipped with an electric control line iagh the functional and
performance requirements referred to in paragraft8%.1. of this Regulation.
Alternative procedures may be used at the diseraifcthe Technical Service if
an equivalent level of checking integrity can biabkkshed.

1.2. The references to ISO 7638 within this anrgxyato ISO 7638-1:1997 for 24V
applications and 1SO 7638-2:1997 for 12V applicagio

2. INFORMATION DOCUMENT

2.1, The vehicle manufacturer/system supplier shghiply to the Technical Service

an Information Document that contains at leastfaliewing:

2.1.1. a schematic of the vehicle braking system;

2.1.2. evidence that the interface, including thggxal layer, data link layer and the
application layer and the respective position ofppsuted messages and
parameters, complies with ISO 11992;

2.1.3. a list of supported messages and paramatads;

2.1.4. the specification of the motor vehicle widsspect to the number of control
circuits that signal the pneumatic and/or eleatantrol lines.

3. TOWING VEHICLES

3.1. ISO 11992 trailer simulator

The simulator shall:

3.1.1. have a connector meeting 1SO 7638:1997 rfY tpi connect to the vehicle under
test. Pins 6 and 7 of the connector shall be tsétnsmit and receive messages
complying with ISO 11992:2003;



3.1.2.

3.1.3.

3.1.4.

3.2.

3.2.1.

3.2.2.

3.2.2.1.

3.2.2.1.1.
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be capable of receiving all of the messagesmitted by the motor vehicle to be
type approved and be capable of transmitting alletr messages defined within
ISO 11992-2:2003;

provide a direct or indirect readout of nages, with the parameters in the data
field shown in the correct order relative to tiraed

include a facility to measure coupling headponse time in accordance with
paragraph 2.6. of Annex 6 to this Regulation.

Checking procedure

Confirm that the manufacturer's/supplienformation document demonstrates
compliance with the provisions of ISO 11992 witlspect to the physical layer,
data link layer and application layer.

Check the following, with the simulator cested to the motor vehicle via the
ISO 7638 interface and whilst all trailer messagsevant to the interface are
being transmitted:

Control line signalling:

The parameters defined in EBS 12 byié I$0 11992-2:2003 shall be checked
against the specification of the vehicle as follows

Control Line Signalling EBS 12 Byte 3
Bits1-2| Bits5-6
Service braking demand generated from one elettiiaiit 00,
Service braking demand generated from two eledtriceuits 01,
\Vehicle is not equipped with a pneumatic contnoé il 00,
Vehicle is equipped with a pneumatic control line 01,

1Y  This specification of vehicle is prohibited byotaote 4 to paragraph 5.1.3.1.3. of this

Regulation.
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3.2.2.2. Service/Secondary brake demand:
3.2221 The parameters defined in EBS 11 of 1$@92-2:2003 shall be checked as
follows:
Test condition Byte referengElectrical control line signal valye
Service brake pedal and secon 3-4 0

brake control released

Service brake pedal fully applied

4 332894352Q (650 to 850 kP3)

3-
Secondary brake fully applied 2 3-4 3328@to 4352Q (650 to 850 kP3g)

3.2.2.3.

3.2.2.3.1.

3.2.2.3.2.

3.2.2.3.3.

3.2.2.4.

Failure warning:

Simulate a permanent failure in the camigation line to pin 6 of the ISO 7638
connector and check that the yellow warning signspecified in
paragraph 5.2.1.29.1.2. of this Regulation is digpdl.

Simulate a permanent failure in the comgation line to pin 7 of the ISO 7638
connector and check that the vyellow warning signspecified in
paragraph 5.2.1.29.1.2. of this Regulation is diggpdl.

Simulate message EBS 22, byte 2 withdi 4 set to Qland check that the red
warning signal specified in paragraph 5.2.1.29.4f this Regulation is displayed.

Supply line braking request:

For power-driven vehicles which can be operateith Wailers connected via an
electric control line only:

Only the electric control line shall be connected.

Simulate message EBS 22, byte 4 with bits 3 -t40s81, and check that when
the service brake, secondary brake or parking bisakally actuated the pressure
in the supply line falls to 150 kPa within the fidling two seconds.

Simulate a continuous absence of data communitatm check that when the
service brake, secondary brake or parking braKellg actuated the pressure in
the supply line falls to 150 kPa within the followitwo seconds.

2/ Optional on towing vehicles with electric and pnatic control lines when the pneumatic
control line fulfils the relevant requirements 8&condary braking.
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Response time:

Check that, with no faults present,dbmitrol line response requirements defined
in paragraph 2.6. of Annex 6 to this Regulationrasg.

Additional checks

At the discretion of the Technical Seriice checking procedures defined above
may be repeated with the non-braking functionsvemié to the interface in
different states or switched off.

TRAILERS

1ISO 11992 towing vehicle simulator

The simulator shall:

have a connector meeting 1ISO 7638:1997 r{Y tpi connect to the vehicle under
test. Pins 6 and 7 of the connector shall be teé&@nsmit and receive messages
complying with 1ISO 11992:2003;

have a failure warning display and an eieatpower supply for the trailer;

shall be capable of receiving all of the sages transmitted by the trailer to be
type approved and be capable of transmitting alomeehicle messages defined
within 1ISO 11992-2:2003.

provide a direct or indirect readout of nages with the parameters in the data
field shown in the correct order relative to timed

include a facility to measure brake systa&sponse time in accordance with
paragraph 3.5.2. of Annex 6 to this Regulation.

Checking procedure

Confirm that the manufacturer's/supplien®rimation Document demonstrates
compliance with the provisions of ISO 11992:2003hwiespect to the physical
layer, data link layer and application layer.

Check the following, with the simulator ceoted to the trailer via the 1ISO 7638
interface and whilst all towing vehicle messagegwvant to the interface are
being transmitted:
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4.2.2.1.

422.1.1.

42.21.1.1.

42.21.1.2.

Service brake system function:

The trailer response to the parametefisetl in EBS 11 of 1SO 11992-2:2003
shall be checked as follows:

The pressure in the supply line at the start oheast shall be ¥00 kPa and the
vehicle shall be laden (the loading condition maysbmulated for the purpose of
this check).

For trailers equipped with pneumatid alectric control lines:
both control lines shall be connected;
both control lines shall be signalled simultandgus
the simulator shall transmit message byte 3,#P;
of EBS 12 set to Qlto indicate to the trailer that a pneumatic cadnliree should
be connected.

Parameters to be checked:

Message transmitted by the simulatqr ~ Pressureedirtike chambers

Byte reference| Digital demand value
3-4 0 0 kPa
3-4 3328Q As defined in the vehicle
(650 kPa) manufacturer’s brake calculation

Trailers equipped with pneumatic aledtec control lines or an electric control
line only:

Only the electric control line shall be connected

The simulator shall transmit the following messages

Byte 3, bits 5 - 6 of EBS 12 set to0® indicate to the trailer that a pneumatic
control line is not available, and byte 3, bits 42 of EBS 12 set to @Xo indicate
to the trailer that the electric control line sigma generated from two electric
circuits.

Parameters to be checked:

Message transmitted by the simulatar ~ Pressureedirdtke chambers
Byte reference| Digital demand valle
3-4 0 0 kPa

3-4 3328Q As defined in the vehicle

(650 kPa) manufacturer’s brake calculation
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For trailers equipped with only an eieatontrol line, the response to messages
defined in EBS 12 of ISO 11992-2:2003 shall be &hdas follows:

The pneumatic supply line at the start of eachdesll be >700 kPa.
The electric control line shall be connected ® shmulator.
The simulator shall transmit the following message

Byte 3, bits 5 - 6 of EBS 12 set to,0b indicate to the trailer that a pneumatic
control line is available.

Byte 3-4 of EBS 11 shall be set to 0 (no servieké demand)

The response to the following messages shall bekelu:

EBS 12, Byte 3] Pressure in the brake chambers or reaction ofdilert
Bit 1-2

01, 0 kPa (service brake released)

00, The trailer is automatically braked to demonstrdiat the
combination is not compatible. A signal shouldoalse
transmitted via Pin 5 of the 1SO 7638:1997 conne¢yellow
warning).

For trailers connected with only an &ieal control line, the response of the
trailer to a failure in the electric control transsion of the trailer which results in
a reduction in braking performance to at least 8)qgent of the prescribed value
shall be checked by the following procedure:

The pneumatic supply line at the start of eachdiesll bex= 700 kPa.
The electric control line shall be connected ® $hmulator.

Byte 3, bits 5-6 of EBS 12 set to 0@ indicate to the trailer that a pneumatic
control line is not available.

Byte 3, bits 1-2 of EBS 12 set to{tb indicate to the trailer that the electric
control line signal is generated from two indepearid#rcuits.
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4.2.2.2.

4.2.2.2.1.

4.2.2.2.1.1.

4.2.2.2.1.2.

4.2.2.2.1.3.

4.2.2.2.1.4.

The following shall be checked:

Test condition Braking system response

With no faults present in the trailer |Check that the braking system is

braking system communicating with the simulator and
that Byte 4, bits 3-4 of EBS 22 is set
to 0Q..

Introduce a failure in the electric Check that Byte 4, bits 3-4 of EBS 22
control transmission of the trailer |is set to 04

braking system that prevents at least or

30 per cent of the prescribed brakingrhe data communications to the
performance from being maintained| simulator has been terminated

Failure warning

Check that the appropriate warning nggssa signal is transmitted under the
following conditions:

Where a permanent failure within theeteic control transmission of the trailer
braking system precludes the service braking perdoice being met, simulate
such a failure and check that byte 2, bits 3 - EBE 22 transmitted by the trailer
is set to O A signal should also be transmitted via pin 5tlué ISO 7638
connector (yellow warning).

Reduce the voltage on pins 1 and (eSO 7638 connector to below a value
nominated by the manufacturer which precludes thevice braking system
performance from being fulfiled and check thateby, bits 3 - 4 of EBS 22
transmitted by the trailer are set t0,0JA signal should also be transmitted via
pin 5 of the ISO 7638 connector (yellow warning).

Check compliance with the provisiohparagraph 5.2.2.16. of this Regulation
by isolating the supply line. Reduce the pressarthe trailer pressure storage
system to the value nominated by the manufactu@dreck that byte 2, bits 3 - 4
of EBS 22 transmitted by the trailer is set tq, @hd that byte 1, bits 7 - 8 of
EBS 23 is set to 00. A signal should also be tratted via pin 5 of the ISO 7638
connector (yellow warning).

When the electrical part of the brgkaguipment is first energised check that
byte 2, bits 3 - 4 of EBS 22 transmitted by thaldrais set to 01 After the
braking system has checked that no defects thaireegentification by the red
warning signal are present the above message sheuddt to G0
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4.2.2.3. Response time checking
4.2.2.3.1. Check that, with no faults present,dreking system response time requirements

defined in paragraph 3.5.2. of Annex 6 to this Ratjon are met.
4.2.3. Additional checks

4.2.3.1. At the discretion of the Technical Seriice checking procedures defined above
may be repeated with the non-braking messagesameto the interface in
different states or switched off.

Where repeat measurements of the brake systeronsspime are carried out,
variations in the value recorded may occur dueht reaction of the vehicle
pneumatics. In all cases the prescribed respamgeréquirements shall be met.
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Annex 18

SPECIAL REQUIREMENTS TO BE APPLIED TO THE SAFETY R&CTS OF
COMPLEX ELECTRONIC VEHICLE CONTROL SYSTEMS

1. GENERAL

This annex defines the special requirements feud®ntation, fault strategy and
verification with respect to the safegspects of complex electronic vehicle
control systems (paragraph 2.3. below) as fariasRgulation is concerned.

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

This annex does not specify the performance @iter "the system" but covers the
methodology applied to the design process and rif@mation which shall be
disclosed to the technical service, for type apgrpurposes.

This information shall show that "The system" mxdp, under normal and fault
conditions, all the appropriate performance reaquinets specified elsewhere in this
Regulation.

2. DEFINITIONS

For the purposes of this annex,

2.1. "Safety conceptis a description of the measures designed ingo system, for
example within the electronic units, so as to askli®y/stem integrity and thereby
ensure safe operation even in the event of arrieidailure.

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 safsigcept.

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

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

"The systerty referred to hereins the one for whiclype approval is being sought.
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2.4.

2.5.

2.6.

2.7.

2.8.

3.1.
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"Complex electronic vehicle control systérase those electronic control systems
which are subject to a hierarchy of control in vhe controlled function may be
over-ridden by a higher level electronic contrateyn/function.

A function which is over-ridden becomes part @& tomplex system.

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

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

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

"Transmission linKsare the means used for inter-connecting diseithuinits for
the purpose of conveying signals, operating datananergy supply.

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

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

"Boundary of functional operatibdefines the boundaries of the external physical
limits within which the system is able to maintaontrol.

DOCUMENTATION

Requirements

The manufacturer shall provide a documentatiorkpge which gives access to
the basic design of "The systerahd the means by which it is linked to other
vehicle systems or by which it directly controldfmut variables.

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

Documentation shall be brief, yet provide evidenttat the design and
development has had the benefit of expertise fribithe system fields which are
involved.
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For periodic technical inspections, the documémtashall describe how the
current operational status of "the system" canhezked.

3.1.1. Documentation shall be made available inpeds:

(@) The formal documentation package for the a@raontaining the material
listed in paragraph 3. (with the exception of tbhparagraph 3.4.4.) which
shall be supplied to the technical service atithe bf submission of the type
approval application. This will be taken as thesibareference for the
verification process set out in paragraph 4. af #mnex.

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

3.2. Description of the functions of "the system"

A description shall be provided which gives a demgxplanation of all the control
functions of "the system" and the methods emplole@chieve the objectives,
including a statement of the mechanism(s) by whattrol is exercised.

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

3.2.2. A list of all output variables which are tofled by "the system" shall be provided
and an indication given, in each case, of whethercontrol is direct or via another
vehicle system. The range of control (paragraph) Zxercised on each such
variable shall be defined.

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

3.3. System layout and schematics

3.3.1. Inventory of components

A list shall be provided, collating all the uni$ "the system" and mentioning the
other vehicle systems which are needed to achiwvedntrol function in question.

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



3.3.2.

3.3.3.

3.3.4.

3.3.5.
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3.4.
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Functions of the units

The function of each unit of "the system" shalldoglined and the signals linking it
with other units or with other vehicle systems shalshown. This may be provided
by a labelled block diagram or other schematidyyoa description aided by such a
diagram.

Interconnections

Interconnections within "the system" shall be shdwy a circuit diagram for the
electrical transmission links, by an optical-fiodeagram for optical links, by a
piping diagram for pneumatic or hydraulic transmoissequipment and by a
simplified diagrammatic layout for mechanical ligies.

Signal flow and priorities

There shall be a clear correspondence betweer tha@ssmission links and the
signals carried between units.

Priorities of signals on multiplexed data pathalidie 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 idiaibie (e.g. by marking for
hardware and marking or software output for sofawaontent) to provide
corresponding hardware and documentation assatiatio

Where functions are combined within a single writindeed 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 ideraifon, 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 usifam as this Regulation is
concerned, this identification shall also be change

Safety concept of the manufacturer

The manufacturer shall provide a statemdmtiwaffirms that the strategy chosen
to achieve "the system" objectives will not, unden-fault conditions, prejudice
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3.4.2.

3.4.3.

3.4.3.1.

3.4.3.2.

3.4.3.3.

3.4.4.

the safe operation of systems which are subjecthéo prescriptions of this
Regulation.

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

The manufacturer shall provide the technézghorities with an explanation of
the design provisions built into "the system" sotasgenerate safe operation
under fault conditions. Possible design provisitmrsfailure in "the system" are
for example:

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

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

(c) Removal of the high level function.

In case of a failure, the driver shall be warnedexample by warning signal or
message display. When the system is not deadiiviayethe 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 pap@tformance mode of operation under
certain fault conditions, then these conditionslisha stated and the resulting
limits of effectiveness defined.

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

If the chosen provision selects the remofdhe Higher Level Function, all the
corresponding output control signals associatel this function shall be inhibited,
and in such a manner as to limit the transitiotudignce.

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

This may be based on a Failure Mode and Effectysia(FMEA), a Fault Tree
Analysis (FTA) or any similar process appropriate Btystem safety
considerations.
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The chosen analytical approach(es) shall be eéstadl and maintained by the
manufacturer and shall be made open for inspebyothe technical service at the
time of the type approval.

This documentation shall itemize the patans being monitored and shall set out,
for each fault condition of the type defined ingmaph 3.4.4. above, the warning
signal to be given to the driver and/or to serve#inical inspection personnel.

VERIFICATION AND TEST

The functional operation of "the systera$ 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 operdtiteaels, verification of the
performance of the vehicle system under non-fantttditions shall be conducted
against the manufacturer's basic benchmark spatadiic unless this is subject to a
specified performance test as part of the apprpvatedure of this or another
Regulation.

Verification of the safety concept of paegun3.4.

The reaction of "the system” shall, at the disorebf the type approval authority,
be checked under the influence of a failure in ardividual unit by applying
corresponding output signals to electrical unitsnechanical elements in order to
simulate the effects of internal faults within tnt.

The verification results shall correspamith the documented summary of the
failure analysis, to a level of overall effect sukht the safety concept and execution
are confirmed as being adequate.
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Annex 19

PERFORMANCE TESTING OF TRAILER BRAKING COMPONENTS

1.1.1.

1.1.2.

1.1.3.

1.1.4.

1.2.

2.1

2.1.1.

2.1.2.

General

This annex defines the test procedures applidabtiefining the performance of
the following:

Diaphragm brakes chambers (refer to parag2ap

Spring brakes (refer to paragraph 3.).

Trailer brakes - cold performance charasties (refer to paragraph 4.).

Anti-lock braking systems (refer to paragrap

(NOTE: Procedures for determining the fade testopmance for trailer brakes
and automatic brake wear adjustment devices arn@edein Annex 11 of this
Regulation).

The above test reports may be used in conpmutith the procedures defined in
Annex 20 to this Regulation or at the time of ewdilug a trailer which is being
subject to actual performance requirements defioethe respective trailer.
Performance characteristics for diaphragm bchieenbers

General

This section defines the procedure by whitle thrust/stroke/pressure
characteristics are determined for diaphragm bidie@nbers which are used in
compressed air braking systemStd generate forces required in brakes with

mechanical actuation.

For the purpose of this verification procedureg gervice brake section of a
combined spring brake actuator is considered ta th@aphragm brake chamber.

The verified performance characteristicslated by the manufacturer shall be
used in all calculations relating to the brake catilglity requirements of
Annex 10, the Type-O cold service braking perforognrequirements of

v Other brake chamber designs may be approved ypesentation of equivalent

information.
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2.3.1.
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2.3.3

2.33.1

2.3.3.2.

E/ECE/324
E/ECE/TRANS/505
Regulation No. 13
page 229

Annex 19

} Rev.1/Add.12/Rev.6

Annex 20 and the determination of the availableia@ictr stroke with respect to
the verification of the hot performance of Annex 11

Test procedure:

Zero datum position of the brake chambepibe taken as the non-pressurized
position.

In nominal pressure increments of 160 kPa, through a pressure range
of 100 to_ >800 kPa, the corresponding thrust generated Istononitored over
the full stroke range available for a stroke displtaent rate of 40 mm/s or a
stroke increment of 40 mm and whilst not permitting the applied pressto
deviate +5 kPa.

For each pressure increment the correspgnaiuerage thrust (B and the
effective stroke (g will be determined as per Appendix 7 of this anne

Verification

With reference to Appendix 1 of this annex, parpgsma 3.1., 3.2. and 3.3.
and 3.4., a minimum of 6 samples are to be testd,a verification report being
issued, providing that the requirements of pardggap.3.2., 2.3.3. and 2.3.4.
below are satisfied.

With respect to the verification of averaigeust (Th) - f(p), a graph defining the

acceptable performance variation shall be congtduftillowing the model shown

in diagram 1, which is based on the manufacturexdaded thrust to pressure
relationship. The manufacturer shall also defire ¢ategory of trailer for which

the brake chamber may be used and the correspotalérgnce band applied.

It shall be verified that the pressures)pequired to produce a pushrod stroke
of 15 mm from the zero datum position with a tofe of+ 10 kPa by following
one of the following test procedures:

Utilizing the declared function of thrushg) - f(p) the brake chamber threshold
pressure (@) shall be calculated when Ahk= 0. It shall then be verified that
when this threshold pressure is applied a pushrivdkes as defined in
paragraph 2.3.3. above is produced.

The manufacturer shall declare the brddeanber threshold pressuredjpand it
shall be verified that when this pressure is appliee pushrod stroke defined in
paragraph 2.3.3. above is produced.
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2.3.4. With respect to the verification of effeetistroke (sp} f(p), the measured value
shall not be less thar4 per cent of thepscharacteristics at the manufacturer’s
declared pressure range. This value shall be dedorand specified in
paragraph 3.3.1. of Appendix 1 to this annex. {dat®f this pressure range the
tolerance may exceed — 4 per cent.

DIAGRAM 1
Tha Brake chamber force
n
Os Trailers = +4%
Os Trailers = +6%
0 100 200 300 400 500 600 700 800 900
R B pis 10 kPa p [kPa]
2.3.5. The test results recorded shall be repanted form, a model of which is shown

in Appendix 2 to this annex and shall be includdathwhe verification report,
detailed in paragraph 2.4.

2.4. Verification report:
2.4.1. The manufacturer's declared performanceactenstics, verified by the test

results recorded in accordance with paragraph .2.$hall be reported on a form,
a model of which is shown in Appendix 1 to this exin
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Performance characteristics for spring brakes
General:

This section defines the procedure by whitle thrust/stroke/pressure
characteristics are determined for spring brakkek& are used in compressed air
braking systems to generate forces required indsrakth mechanical actuation.

For the purpose of this verification procedureg #pring brake section of a
combined spring brake actuator is considered @ $@ring brake.

The performance characteristics declarethéynanufacturer shall be used in all
calculations relating to the parking braking pemfance requirements of
Annex 20.

Test procedure:

Zero datum position of the spring brake dbexmis to be taken as the fully
pressurized position.

In nominal stroke increments ofi@ mm, the corresponding thrust generated is to
be monitored over the full stroke range availableesio pressure.

The pressure shall then be gradually inectasitil the stroke is 10 mm from the
zero datum position, and this pressure, definethagelease pressure, shall be
recorded.

The pressure shall then be increased tokB&0 or the maximum working
pressure declared by the manufacturer, whichevewisr.

Verification:

With reference to Appendix 3, items 2.1.1.3.3.2. and 3.3., a minimum
of 6 samples shall be tested, with a verificatiepart being issued providing the
following conditions are met:

Over a range of stroke from 10 mm to 2/he maximum stroke, no one result,
measured in accordance with paragraph 3.2.2., @aviay more than 6 per cent
from the declared characteristics.

2/ Other spring brake designs may be approved upmseptation of equivalent

information.
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3.3.1.2. No one result, measured in accordance wihagraph 3.2.3., exceeds the
declared value.

3.3.1.3. Each spring brake continues to functiomemtly after completion of the test in
accordance with paragraph 3.2.4.

3.3.2. The test results recorded shall be repanted form, a model of which is shown
in Appendix 4 to this annex, and shall be includégth the verification report
detailed within paragraph 3.4.

3.4. Verification report:
3.4.1. The manufacturer's declared performanceacteistics, verified by the test

results recorded in accordance with paragraph .3.$hall be reported on a form,
a model of which is shown in Appendix 3 to this exn

4, Cold performance characteristics for traileikiesa
4.1. General:
4.1.1. This procedure covers the testing of théd"cperformance characteristics of air

operated S cam and disc braké§itgd to trailers.

4.1.2. The performance characteristics declaretthéynanufacturer shall be used for all
calculations relating to the braking compatibiliguirements of Annex 10 and to
the Type-0 cold service braking and parking bralgegormance requirements of

Annex 20.

4.2. Brake factor and brake threshold torque

4.2.1. The preparation of the brake shall be iroatance with paragraph 4.4.2. of this
annex.

4.2.2. The brake factor is the resultant amplifaatactor achieved through the friction

forces generated by the individual components camimgy the brake assembly,
and is expressed as a ratio between the outputgaqd the input torque. This
brake factor is denoted by the symbagl &d shall be verified for each of the
lining or pad materials specified in paragraph¥43.

4.2.3. The brake threshold torque shall be expdessa manner that remains valid for
variations of brake actuation and is denoted bystimbol G.

3/ Other brake designs may be approved upon preasentd equivalent information.
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The values ofBshall remain valid for variations of the followipgrameters:
Mass per brake up to that defined in papy4.3.1.5.

Dimensions and characteristics of extezoaiponents used to actuate the brake.
Wheel size/tyre dimensions.

Information document

The brake manufacturer shall provide thehm®mal Service with at least the
following information:

A description of the brake type, modele €ir.

Details of the brake geometry

The make and type of brake lining(s) akbrpad(s)

The brake drum or brake disc material

The maximum technically permitted masdlierbrake

Additional information

Wheel and tyre sizes to be used for thie te

The declared brake factar B

The declared threshold torque C

Test procedure

Preparation

A graph defining the acceptable perforreamariation shall be constructed,
following the model shown in diagram 2, using thenufacturers declared brake

factor.

The performance of the device used toaéetilne brake shall be calibrated within
an accuracy of 1 per cent.

The dynamic tyre radius at the test logdimall be determined as prescribed for
the test method.
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4.4.2. Bedding in (burnishing) procedure

4.4.2.1. In the case of drum brakes the tests skeft with new brake linings and new
drum(s), the brake linings shall be machined tdea&hthe best possible initial
contact between the linings and drum(s).

4.4.2.2. In the case of disc brakes the tests staatl with new brake pads and new disc(s),
machining of the pad material shall be at the dison of the brake manufacturer.

4.4.2.3. Make 20 brake applications from an inigsipéed of 60 km/h with an input to the
brake theoretically equal to 0.3 TR/Test Mass. Tiigal temperature at the
lining/drum or pad/disc interface shall not exceBH@D °C before each brake
application.

4.4.2.4. Carry out 30 brake applications from 6Qtkio 30 km/h with an input to the
brake equal to 0.3 TR/Test Mass and with a timeruatl between applications
of 60 s 4. The initial temperature at the lining/drum @dgfdisc interface on the
first brake application shall not exceed 100 °C.

4.4.2.5. On completion of the 30 brake applicatidefined in paragraph 4.4.2.4. above
and after an interval of 120 s carry out 5 brakeliagtions from 60 km/h
to 30 km/h with an input to the brake equal to TR/Test Mass and with an
interval of 120 s between application’s 4

4.4.2.6. Make 20 brake applications from an inigsipéed of 60 km/h with an input to the
brake equal to 0.3 TR/Test Mass. The initial terapge at the lining/drum or
pad/disc interface shall not exceed 150 °C befaoh érake application.

4.4.2.7. Carry out a performance check as follows:

4.42.7.1. Calculate the input torque to produ@otétical performance values equivalent
to 0.2, 0.35 and 0.5 8.05 TR/Test Mass.

4.4.2.7.2. Once the input torque value has beesrméetied for each braking rate, this value
shall remain constant throughout each and subséduake applications (e.g.
constant pressure).

4.4.2.7.3. Make a brake application with each oé timput torques determined in
paragraph 4.4.2.7.1. from an initial speed of 6@rkmThe initial temperature at

4/ If the track test method or the rolling road testthods are to be utilized, energy inputs

Equivalent to those specified shall be used.
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the lining/drum or pad/disc interfaces shall notteed 100 °C before each
application.

Repeat the procedures defined in paragrapgh2.6. and 4.4.2.7.3. above, where
paragraph 4.4.2.6. is optional, until the perforosrof five consecutive non
monotonic measurements at the 0.5 TR/(Test Mass$tant input value has
stabilized within a tolerance of minus 10 per agfithe maximum value.

If the manufacturer can demonstrate W fesst results, that the brake factor after
this bedding in state is different from the bra&etér which has developed on the
road, additional conditioning is permissible.

The maximum brake temperature, measured at thegidrum or pad/disc
interface, during this additional bedding in progexshall not exceed 500 °C in
the case of drum brakes and 700 °C in the cassobdakes.

This field test shall be an endurance run withddume type and model of brake as
that to be recorded in the Annex 11, Appendix DrepThe results of at least 3

tests in accordance with paragraph 4.4.3.4. of Ardr®e conducted under the

conditions of the laden Type-0 test, during thddfiest, shall be the basis for

determining whether further conditioning is perribks The brake tests shall be
documented as prescribed in Appendix 8 of this anne

The details of any additional conditioning shadl fecorded and appended to the

brake factor B in paragraph 2.3.1. of Annex 11, Appendix 3, bgcfying for

instance the following test parameters:

(a) Brake actuator pressure, the brake input ®muthe brake torque of the
brake application;

(b) Speed at the beginning and the end of theebaaklication;

(c) Time in the case of a constant speed;

(d) Temperature at the beginning and the end efbitake application or the
duration of the brake cycle.

In the case of this procedure being @drout on an inertia dynamometer or
rolling road, unlimited use of cooling air is pettad.

Verification test

The temperature measured at the liningidar pad/disc interface shall not
exceed 100 °C, at the start of each brake appiitati

The brake threshold torque shall be deteanfrom the measured value of brake
input by reference to a calibrated input device.
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4.4.3.3.

4.4.3.4.

4.4.3.5.

4.5.

4.5.1.

4.5.1.1.

4.5.1.2.

4.5.1.3.

4.5.1.4.

4.5.1.5.

4.5.1.6.

4.5.1.7.

The initial speed for all brake applicatios 60 +2 km/h.

A minimum of six consecutive brake applaas shall be made from 0.15 to 0.55
TR/(Test Mass) at ascending increments of apptingbressure, followed by six

brake applications made with the same applicatioesqures in descending
increments.

For each of the brake applications in gragh 4.4.3.4. the braking rate is
calculated, corrected to take account of rollingisence, and plotted on the
graph specified in paragraph 4.4.1.1. of this annex

Test methods
Track test
The brake performance test shall be chaig on a single axle only.

The tests shall be carried out on a sttdayel track, with a surface affording
good adhesion, and performed when there is no lidbtk to affect the results.

The trailer shall be loaded (as closely@assible) to the maximum technically
permitted mass for each brake, however, additionabs may be added if
required to ensure that sufficient mass is overakie under test to achieve a
braking rate of 0.55 TR/(maximum technically petedtmass per brake) without
wheel lock.

The dynamic rolling radius of the tyre nimey verified at low speed, < 10 km/h,
by measuring the distance travelled as a functibeelrevolutions, the minimum
number of revolutions required to determine theagyit rolling radius is 10.

The rolling resistance of the vehicle coration is to be determined by
measuring the time taken for the vehicle spee@doge from 55 to 45 km/h and
the distance covered, when tested in the sametidineio which the verification
test will be carried out and with the engine disteted and any endurance brake
system disengaged.

Only the brakes of the axle under testl db& actuated and reach an input
pressure at the brake input device of ®per cent (after maximum build up
time of 0.7 s) of its asymptotic value. The tdwilsbe carried out with the engine
disconnected and any endurance braking systemgdiged.

The brakes shall be closely adjustedeastwt of the test.
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The brake input for the purpose of catouggthe brake threshold torque shall be
determined by lifting the wheel and gradually appdythe brake whilst the wheel
is rotated by hand until resistance is detected.

The final speed ghall be determined in accordance with Annex Jdpekhdix 2,
paragraph 3.1.5.

The braking performance of the axle unegtrshall be determined by calculating
the deceleration determined from a direct measunemievelocity and distance
between 0.8 ¥ and vy, where y shall not be less than 0.1 v This shall be
deemed to be equivalent to the mean fully develogezkleration (MFDD) as
defined in Annex 4 above.

Inertia dynamometer test
The test shall be carried out on a sibhgée assembly.

The test machine shall be capable of géngr the inertia required by
paragraph 4.5.2.5. of this annex.

The test machine shall be calibrated peed and brake output torque within an
accuracy of 2 per cent.

The instrumentation for the test shall dapable of providing at least the
following data:

A continuous recording of brake appitwapressure or force.
A continuous recording of brake outpugue.

A continuous recording of the temperatuneasured at the lining/drum or
pad/disc interface.

Speed during the test.

The inertia {) of the dynamometer shall be set as close aslpessiith +5 per
cent tolerance, including the internal frictiontbE dynamometer, to that part of
the linear inertia of the vehicle acting upon ondeel necessary for a
performance of 0.55 TR/(maximum technically peredtmass) according to the
following formula:

It = PR?
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It =  actual rotary inertia (kgfh
R = tyre rolling radius defined by the formula 84D
D = d+2H 5%
d =  rim diameter conventional number (mm)
H = Nominal section height (mm) 5 $0.01 Ra
S = Section width (mm)
Ra = nominal aspect ratio
Ps = Maximum technically permitted mass/brake as ra&fi in
paragraph 4.3.1.5.
4.5.2.6. Cooling air at ambient temperature mayubed, flowing at a velocity not

exceeding 0.33 v over the brake in a direction @edicular to its axis of rotation.
45.2.7. The brake shall be closely adjusted astidue of the test.

4.5.2.8. The brake input for the purpose of catinggthe brake threshold torque shall be
determined by gradually applying the brake untié tbnset of brake torque
generation is observed.

4.5.2.9. The brake performance shall be determiaryeapplying the following formula to
the measured brake output torque

R
brakingrate= N:tg

where:
M: =  Average brake output torque (Nm) - based oradcs
g = deceleration due to gravity (if)/s

The average brake output torque; ghall be calculated from the deceleration
determined from a direct measurement of velocitg distance between 0.8 v
and 0.1vy. This shall be deemed to be equivalent to thennfelly developed
deceleration (MFDD) as defined in Annex 4 above.

4.5.3. Rolling road test
45.3.1. The test will be carried out on singlesaxith one or two brakes.
4.5.3.2. The test machine shall have a calibratedns of imposing load to simulate the

required mass for the brake(s) to be tested.

5/ Outer diameter of tyre, as defined in Regulatian 54.
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The test machine shall be calibrated fmeed and brake torque within an
accuracy of 2 per cent taking into account therivgk friction characteristics.
The dynamic rolling radius of the tyre (R) shall determined by measuring the
rotational speed of the rolling road and the unbdaWheels of the axle under test
at a speed equivalent to 60 km/h, and calculatettidyormula

R= RR@
Nw

where:

Rr =radius of the rolling road

np  =rotational speed of rolling road

ny =rotational speed of the unbraked wheels ofittie

Cooling air at ambient temperature mayubed, flowing at a velocity not
exceeding 0.33 v over the brake(s).

The brake(s) shall be closely adjustateastart of the test.

The brake input for the purpose of catouggthe brake threshold torque shall be
determined by gradually applying brake(s) until tbeset of brake torque
generation is observed.

The brake performance shall be determioyetheasuring the brake force at the
periphery of the tyre calculated to braking raskirig into account the rolling
resistance. The rolling resistance of the loadel@ avill be determined by
measuring the force at the periphery of the tyr@ sppeed of 60 km/h.

The average brake output torque;)Mhall be based on the measured values
between the moment the application pressure/faaehes its asymptotic value
from the onset of pressure rise at the brake inlewvice and when the energy
input has reached the valuedthat is defined in paragraph 4.5.3.8.

For determining the braking rate an enaéngyt Wso equivalent to the kinetic
energy of the corresponding mass for the brake ruted when braked from
60 km/h to standstill, shall be taken into account.

where:

If the test speed v cannot be mainta@é&d +2 km/h during the measurement of
the braking rate according to paragraph 4.5.318e, braking rate shall be
determined from the direct measurement of brakeefé and/or brake output
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4.6.

4.6.1.

5.1.

5.1.1.

5.1.2.

5.2.

5.2.1.

5.3.

5.3.1.

5.3.1.1.

torque M, so that the measurement of this/these parametagg ot affected by
the dynamic forces of the inertia mass of themgllioad test machine.

Verification report

The manufacturer's declared performanceacteistics, verified by the test
results recorded in accordance with paragraph 4a#é@ve, shall be reported on a
form, a model of which is shown in Appendix 3 torfex 11.

Anti-lock braking systems (ABS)
General

This paragraph defines the procedure torm@ie the performance of a trailer
anti-lock braking system.

Tests carried out on trailers of categoyyw@ll be deemed to cover the
requirements for trailers of{&ategory.

Information document

The manufacturer of the ABS shall supply thkee Technical Service an
Information Document of the system(s) requiringf@enance verification. This
document shall contain at least the informationindef in Appendix 5 to this
annex.

Definition of test vehicles

Based on the information supplied in thermfation document, in particular the
trailer applications defined in paragraph 2.1. ppAndix 5, the Technical Service
shall carry out tests on representative trailersingaup to three axles and
equipped with the respective anti-lock braking egstonfiguration.
Additionally, when selecting trailers for evaluati@onsideration shall also be
given to the parameters defined in the followingagaaphs.

Suspension type: the method of evaluatiey performance of the anti-lock
braking system relative to the suspension type béllselected in the following
way:

Semi-trailers: for each suspension group e.g. ngeld mechanical etc. a
representative trailer shall be evaluated.

Full trailers: Evaluation to be carried out oreanesentative trailer equipped with
any one suspension type.
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Wheelbase: for semi-trailers the wheellshsd#! not be a limiting factor, but for
full trailers the shortest wheelbase shall be eatall

Brake type: approval shall be limited t@e®n or disc brakes but should other
types become available then comparative testinglmeagquired.

Load sensing device: The utilization ohesglon shall be determined with the
load sensing valve set to laden and unladen comnditi In all cases the
requirements of paragraph 2.7. of Annex 13 toR&gulation shall apply.

Brake actuation: differentials in the lewé actuation shall be recorded for
evaluation during the tests to determine the uwatiion of adhesion. Results
obtained from tests for one trailer may be appt@dther trailers of the same

type.

For each type of trailer under test, docuaten showing brake compatibility as
defined in Annex 10 to this Regulation (diagranan@ 4) shall be made available
to demonstrate conformity.

For the purpose of the approval, semi-trailend centre axle trailers shall be
deemed to be of the same vehicle type.

Test schedule

The following tests shall be conducted k& Technical Service on the vehicle(s)
defined in paragraph 5.3. of this annex for eaclSA®nfiguration taking into
consideration the application list defined in pasgpiy 2.1. of Appendix 5 to this
annex. However, worst case cross referencing nimynate certain tests. |If
worst case testing is actually used, this shoulstaied in the test report.

Utilization of adhesion - Tests shall lzeried out according to the procedure
defined in paragraph 6.2. of Annex 13 to this Ratjoh for each ABS
configuration and trailer type, as defined in thenufacturer's information
document (see paragraph 2.1. of Appendix 5 toathigex).

Energy consumption
Axle loading — the trailer(s) to be ¢glsshall be loaded so that the axle load

is 2500 kg +/- 200 kg or 35 per cent +/- 200 kdhef permissible static axle load
whichever is the lower.
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5.4.1.2.2.

5.4.1.2.3.

5.4.1.2.4.

54.1.2.4.1.

54.1.2.4.2.

It shall be ensured that "full cyclingf the anti-lock braking system can be
achieved throughout the dynamic tests defined ragraph 6.1.3. of annex 13 to
this Regulation.

Energy consumption test - The test ddeatlarried out according to the procedure
defined in paragraph 6.1. of Annex 13 to this Regoh for each ABS
configuration.

To enable trailers submitted for apprtw®e checked for conformity to the anti-
lock energy consumption requirements (see paragéaphof Annex 13), the
following checks shall be carried out:

Prior to the commencement of the gneogsumption test (paragraph 5.4.1.2.3.)
in the case of brakes with non integrated brakerwadfustment the brakes shall
be set to a condition where the relationship) ¢(Rbrake chamber push rod travel

(Sr) against lever length+{l is 0.2. This relationship shall be determined do
brake chamber pressure of 650 kPa.

Example 4= 130 mm,
S; at 650 kPa brake chamber pressure = 26 mm

R=S/lt = 26/130 = 0.2

In the case of brakes with integrated automatk®mwear adjustment the brakes
shall be set to the normal running clearance seedtdy the manufacturer.

Setting of the brakes as defined above shall péedaout when the brakes are
cold (< 100 °C).

With the load sensing valve set tolélden condition and the initial energy level
set according to paragraph 6.1.2. of Annex 13 ie RRegulation the energy
storage device(s) shall be isolated from furthgpuof air. The brakes shall be
applied with a control pressure of 650 kPa at thepting head and then released.
Further applications shall be made until the prnesguthe brake chambers is the
same as that obtained after following the test guoce defined in
paragraphs 5.4.1.2.1. and 5.4.1.2.2. above. Thmbeu of equivalent brake
applications (g) shall be noted.

The equivalent number of static brake applicatimy is to be recorded in the
test report.

Where = 1.2 . R, and is to be rounded up to the nearest wholgénte
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Split Friction Test - Where an anti-lockaking system is to be defined as
category A system then all such ABS configuratiamall be subject to the
performance requirements of paragraph 6.3.2. oeAri8 to this Regulation.

Low and high speed performance

With the trailer set as for utilizatioh adhesion evaluation, verification of the
low and high speed performance shall be carriedotbrding to paragraph 6.3.1.
of Annex 13 to this Regulation.

Where a tolerance exists between the baunof exciter teeth and tyre
circumference, functional checks shall be carrietat the extremes of tolerance
in accordance with paragraph 6.3. of Annex 13 te Regulation. This may be
achieved by utilizing different tyre sizes or byogucing special exciters to
simulate frequency extremes.

Additional checks

The following additional checks shall be carriedt avith the towing vehicle
unbraked and the trailer unladen.

When the axle bogie passes from a tdglesion surface (i to a low adhesion
surface (k) where g > 0.5 and k / k. > 2, with a control pressure at the coupling
head of 650 kPa, the directly controlled wheeldlst@ lock. The running speed
and the instant of applying the trailer brakesascalculated that with the anti-
lock braking system full cycling on the high adlwessurface, the passage from
one surface to the other being made at approxign@8@km/h and at 40 km/h.

When the trailer passes from a low adhesurface (K) to a high adhesion
surface (k) where k > 0.5 and Kk / k. > 2, with a control pressure at the
coupling head of 650 kPa, the pressure at the bchkenbers shall rise to an
appropriate high value within a reasonable time #edtrailer shall not deviate
from its initial course. The running speed anditistant of applying the brakes is
so calculated that, with the anti-lock braking ewystfull cycling on the low

adhesion surface, the passage from one surfacehdo other occurs at
approximately 50 km/h.

Documentation relating to the controllesfsall be made available as required by
paragraph 5.1.5 of the Regulation and paragraph df1Annex 13 to this
Regulation, including footnote 12.
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5.5. Approval report

5.5.1. An approval report shall be produced, thatexat of which is defined in

Appendix 6 to this annex.

DIAGRAM 2
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Annex 19 - Appendix 1

MODEL VERIFICATION REPORT FORM FOR DIAPHRAGM BRAKEHAMBERS

Report NO ...

1. Identification

1.1. Manufacturer: (Name and address)

1.2. Make: A

1.3. Type: !

1.4. Part number: /1

2. Operating conditions:

2.1. Maximum working pressure:

3. Performance characteristics declared by the faatwer:

3.1. Maximum stroke (s at 6,500 kPa 2

3.2. Average thrust (T - f (p) 2

3.3. Effective stroke ¥ - f (p) 2

3.3.1. Pressure range over which the above eftestinoke is valid: (see paragraph 2.3.4.
of Annex 19)

3.4. Pressure required to produce a push rod stiok® mm (ps) based on Th—1f(p) or
declared value2/, 4/

4. Scope of application
The brake chamber may be used on trailers of oaté®; and Q ........ yes/no
The brake chamber may be used on trailers of oategg; only ... yes/no"

5. Name of Technical Service/Approval Authorityc®nducting the test:

6. Date of test:

7. This test has been carried out and the resgtsrted in accordance with Annex 19

to Regulation No. 13 as last amended by the riesef amendments.
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Technical Service/Zonducting the test

Signed: ..., Date: ...............

Signed: ..., Date: .....ccc.......
9. Test documents:

Appendix 2, ......ccoeeeeennnn. ,

1/ To be marked on brake chamber, however for immtusvithin the test report only the
parent part number is required, model variants me¢de indicated.

2/ ldentification shall be amended when changesnaade which have an influence on the
performance characteristics, paragraphs 3.1.a823.3.

3/ To be signed by different persons even when tleehifical Service and Approval
Authority are the same or alternatively, a sepafgproval Authority authorization issued with
the report.

4/  For the purposes of the application of the charéstics defined in this report with respect
to Annex 10, it shall be assumed that the relalignfrom ps to the declared Th— f(p) at a
pressure of 100 kPa is linear.
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Annex 19 - Appendix 2

MODEL REFERENCE RECORD OF TEST RESULTS
FOR DIAPHRAGM BRAKE CHAMBERS

Report No. ...
1. Record of test resultg for part number ..............cccccee.
Pressure 2 Average thrust Effective stroke
p - (kPa) Tha - (N) Sp - (mm)
v To be created for each of the 6 samples tested.
2/ Pressure "p" will be actual pressure values uséhke test as defined in paragraph 2.2.2.

of this annex.
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Annex 19 - Appendix 3

MODEL VERIFICATION REPORT FORM FOR SPRING BRAKES
Report NO ....ovvvvviiiiieiieieeceee,
1. Identification:

1.1. Manufacturer: (Name and address)

1.2. Make: A
1.3. Type: A
1.4. Part number: 11
2. Operating conditions:

2.1. Maximum working pressure:

3. Performance characteristics declared by the faaturer:

3.1. Maximum stroke {$y) 2

3.2.  Spring thrust (T - f (s) 4

3.3. Release pressure (at 10 mm stroke) 1 2

4. Date of test:

5. This test has been carried out and the resejitsrted in accordance with Annex 19 to

Regulation No. 13 as last amended by the ...... sefiamendments.
Technical Service/Zonducting the test
Signed: ............... Date: ...............

6. Approval Authority 3

Signed: ................. Date: ......ccuuvee
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7. Test documents:
Appendix 4, ......cccceeeee ,

v To be marked on the spring brake, however folusion within the test report only the

parent part number is required, model variants me¢dbe indicated.

2/ Identification shall be amended when changesraade which have an influence on the
performance characteristics, paragraphs 3.1.a823.3.

3/ To be signed by different persons even when tkehilical Service and Approval

Authority are the same or alternatively, a sepafgiproval Authority authorization issued with

the report.
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Annex 19 - Appendix 4

MODEL REFERENCE RECORD OF TEST RESULTS FOR SPRINGABES

Report No ...............
1. Record of test resultg for part number: .....................
Stroke 2 Thrust
s- (mm) Ths- (N)
Release pressure (at 10 mm stroke) .......cce.... KPa
v To be created for each of the 6 samples tested.
2/ Stroke "s" will be the actual stroke values usethe test as defined in paragraph 3.2.2.

of this annex.
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Annex 19 - Appendix 5

TRAILER ANTI-LOCK BRAKING SYSTEM INFORMATION DOCUMBNT

General

Name of manufacturer

System name

System variations

System configurations (e.g. 2S/1M, 2S/2M etc.)

Explanation of the basic function and/or péalphy of the system.
Applications

List of trailer types and ABS configuratioms fvhich approval is required.
Schematic diagrams of the system configuratiostalled on the trailers defined in
item 2.1. above with consideration given to théolwing parameters:
Sensor locations

Modulator locations

Lift axles

Steering axles

Tube: type - bore size(s) and lengths

Relationship of tyre circumference to the hatson of the exciter, including
tolerances.

Tolerance of tyre circumference between orle ard another fitted with the same
exciter.

Scope of application with respect to suspensipe:

Air suspension: Any type of balanced "trailing &mr suspension
Other suspensions: to be defined by manufactumgdel and type
(balanced/unbalanced).

Recommendations on differential brake inpugue (if any) in relation to the ABS
configuration and trailer bogie.
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2.7.

3.1.

3.2.

3.3.

3.4.

3.5.

3.6.

3.6.1.

Additional information (if applicable) to thapplication of the anti-lock braking
system.

Component description

Sensor(s)
Function
Identification (e.g. part number(s))

Controller(s)

General description and function

Identification (e.g. part number(s))

Safety aspects of controller(s)

Additional features (e.g. retarder control, auttmaconfiguration, variable
parameters, diagnostics)

Modulator(s)

General description and function

Identification (e.g. part number(s))

Limitations (e.g. maximum delivery volumes to mntrolled)

Electrical Equipment
Circuit diagram(s)
Powering methods
Warning lamp sequence(s)

Pneumatic Circuits

Braking schematics covering the ABS configuratiassapplied to the trailer types
defined in paragraph 2.1. above.

Limitations on tube sizes and associated lengtlas have an effect on system
performance (e.g. between modulator and brake cegmb

Electro Magnetic Compatibility

Documentation demonstrating compliance \lit provisions of paragraph 4.4. of
Annex 13 to this Regulation.



1.1.

1.2.

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

3.1.

3.2.

3.3.

3.3.1.

3.3.2.

3.3.3.

3.3.4.

3.3.5.
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TRAILER ANTI-LOCK BRAKING SYSTEM TEST REPORT
Test Report NO: .........ccceeeee
Identification
Manufacturer of the anti-lock braking systerarie and address)
System name/model
System(s) and Installation(s) approved
ABS configuration(s) approved (e.g. 2S/1M,2A%ktc.):
Range of application (type of trailer and nemdf axles):
Methods of powering:  1SO 7638, ISO 1185 etc.
Identification of approved sensor(s), coneng) and modulator(s):
Energy consumption - equivalent number ofcstatake applications.
Additional features e.g. retarder controt,ditle configuration etc.
Test Data and Results
Test vehicle data:
Test surface information:
Test results:
Utilization of adhesion:
Energy consumption:
Split friction test:
Low speed performance:

High-speed performance:
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3.3.6.

3.3.6.1.

3.3.6.2.

3.3.7.

3.3.8.

3.3.9.

4.

4.1.

4.2.

4.3.

4.4,

4.5.

4.6.

4.7.

4.8.

4.9.

4.10.

4.11.

Additional checks:

Transition from high to low adhesion soefst

Transition from low to high adhesion soefst

Failure mode simulation:

Functional checks of optional power conrmersi
Electro-magnetic compatibility

Limits of installation.

Relationship of tyre circumference to the hetson of the exciter:

Tolerance on tyre circumference between ofe @xd another fitted with the same
exciter:

Suspension type:

Differential(s) in brake input torque withimettrailer bogie:
Wheel base of full trailer:

Brake type:

Tube sizes and lengths

Load sensing device application:

Warning lamp sequence:

System configurations and applications thammy with the category A
requirements.

Other recommendations/limitations (e.g. lmcatof sensors, modulator(s), lift
axle(s), steering axle(s)):

Date of Test:

This test has been carried out and the resultstexpin accordance with Annex 19 to
Regulation No. 13 as last amended by the ... es@fiamendments.



E/ECE/324
CIECERANS 505 | Rev-1/Add.12/Rev.6

Regulation No. 13
page 255
Annex 19 - Appendix 6

Technical Service/lconducting the test

Signed: .................. Date: ......ccvuueeee
6. Approval Authority 1
Signed: .......ccovieeen. Date: ...............

Attachment: Manufacturer's information document

y To be signed by different persons even when tkehifical Service and Approval
Authority are the same or alternatively, a sepafgiproval Authority authorization issued with
the report.
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SYMBOLS AND DEFINITIONS

sidewalls of an inflated tyre, excluding elevatiahe to labelling (marking

SYMBOL | DEFINITION

Br Brake factor (input torque to output torque anigdifion ratio)

Co Threshold input torque (minimum torque necessaryroduce a measurable
brake torque)

Outer tyre diameter (overall diameter of an itgfthnew tyre)

d A conventional number denoting the nominal rimandeter ang
corresponding to the diameter of the rim expresster in inches or mm

Fs Brake force

H Nominal tyre section height (the distance equalhalf the difference
between the outer diameter of the tyre and the nainim diameter)

I Rotary inertia

I+ Brake lever length of reference test trailer

M, Average brake output torque

Ne Equivalent number of static brake applications foe purpose of type
approval

Ner Equivalent number of static applications obtaidadng testing

Np Rotational speed of the rolling road

Nw Rotational speed of the unbraked wheels of the axl

Py Maximum technically permitted mass for the brake

p Pressure

Pis The pressure in the brake chamber require to pedypushrod stroke of
15 mm from the zero datum position.

R Dynamic tyre rolling radius (calculated using8hB)

Ra Nominal aspect ratio of the tyre (one hundretws the number obtained by
dividing the number expressing the nominal sedtielght of the tyre in mnm
by the number expressing the nominal section widthm).

R Ratio of s/ I+

Rr Radius of the rolling road

S Section width of the tyre (linear distance betweble outsides of the

decorations or protective bands or ribs).
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SYMBOL | DEFINITION
S Actuator stroke (working stroke plus free stroke)
Smax Total actuator stroke
Sp Effective stroke (the stroke at which the outguust is 90per cent of th
average thrust TY)
S Brake chamber push rod travel of reference teétia mm
Tha Average thrust (the average thrust is determinedntegrating the value
between 1/3 and 2/3 of the total strakgy)
Ths Spring thrust of the spring brake
TR Sum of braking forces at periphery of all whe#l$railer or semi-trailer
Vv Rolling road test speed
V1 Initial speed, when braking starts
Vo Speed at end of braking
Weo Energy input, equivalent to the kinetic energyttedf corresponding mass f
the brake under test when braked from 60 km/haodsttill
z Braking rate of vehicle
Thrust
A
Th
A |
0.90 Th
A

>
2/3s s s Stroke

ax p max

1/3sm

ax



E/ECE/324
E/ECE/TRANS/505

} Rev.1/Add.12/Rev.6

Regulation No. 13

page 258

Annex 19 -Appendix 8

1.1

1.2.

1.3.

1.4.

1.5.

Annex 19 - Appendix 8

FIELD TEST DOCUMENTATION FORM
AS PRESCRIBED IN PARAGRAPH 4.4.2.9. TO THIS ANNEX

IDENTIFICATION

Brake:
Y =Y 101 = Tod A0 | (=] G
VLB .o

Drum brake or disc braké 1

Data to identify the tested Item ...
Technically permissible brake input torqUBa. . «vvvvvvrmmrieeeeeieiiiiiee e
Automatic brake adjustment device: integratedfimbegrated 1

Brake drum or brake disc:

Internal diameter of drum or outside diameterio€d.............cccovvvieiiiiiiiinrnnnn..
| (ST Y SR = o [0 =
THICKNESS .t e e e e et et et e e e e e e e e e eens
= B P
Y F= (] =
Data to identify the tested item ...........coeeiiiiiiiii e

Brake lining or pad:

Y E T 1U ] = Tox 0 | (=]
Y/ LT PP
To =T a1 (17> 1 1 o) o HR
LAY Ao | { o IO
L 21161 (ST
Y [ = (o ST (1= N
Method of attaChMENT ........ooeieii e eaas
Data to identify the tested Item ..o

Actuator:

157/ 0 P
Data to identify the tested item ...........coe i

Automatic brake adjustment devicé: 3
=Y ]V 7= (o1 10 (= ST UPRRN
A it aaas
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2.1.

2.2.
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Diagrams
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V4] 51 o o
Data to identify the tested ItemM ...........oeermriii e

Test vehicle data
Towing vehicle:
[deNtifiCAatioON—INO. .....ieiirii e
(oY= To lo] g W=T- 1 g 1= 04 (ST
Trailer:
[deNtifiCAatiON—INO. ....oieeiie e
Category: Q/O;/0, 1/
full trailer / semi trailer / central axle trail&/
NUMDBET Of QXIES ...iveiiieii e e e e e e e e eans
Tyres/rims:
Twin / single_1
Dynamic rolling radius R 1Iaden ............uveeii i
Load 0N €ACKh AXIE ...evieiiiiie et

TEST DATA AND RESULTS

Field test:
General description covering: distance traveliede duration and location

Braking test:
Test track INfOrMAtiON.............oii i et eeeen s
JLIC=ES 0 o] o o =T [ ¢

Test results:
Brake factor

y Strike out what does not apply.
2/ Applies only to disc brakes.
3/ Not applicable in the case of integrated autorriatake adjustment device.
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1.1

1.2.

1.3.

2.1.

2.1.1.

2.1.2.

2.1.3

Annex 20

ALTERNATIVE PROCEDURE FOR THE TYPE APPROVAL OF TRMERS

General

This annex defines an alternative proceduretyfpe approving trailers, utilizing
information from test reports issued in accordanite Annexes 11 and 19.

On completion of the verification proceduresatibed in paragraphs 3., 4., 5., 6., 7.
and 8. of this annex, the Technical Service / Apatduthority shall issue an ECE
type approval certificate conforming to the modetafied in Annex 2, Appendix 1
to this Regulation.

For the purposes of the calculations definétlimvthis annex the centre of gravity
height shall be determined in accordance with tle¢hod defined in Appendix 1 to
this annex.

Application for type approval

The application for ECE type approval of dle@ratype with regard to the braking
equipment shall be submitted by the trailer martufaec. In support of the approval
the trailer manufacturer shall supply to the TecahService at least the following:

A copy of the ECE or EU Type Approval Céctte and an Information Document
of a trailer hereafter referred to as the "refeeeinailer" on which the service braking
performance comparison is to be based. This trailk have been subject to the
actual tests defined in Annex 4 to this Regulation the appropriate trailer or
equivalent EU Directive. A trailer that has beepp@ved to the alternative
procedure defined in this annex shall not be useal r@ference trailer.

Copies of the Annex 11 and Annex 19 tesintsp

A documentation package that contains thevaelt verification information
including the relevant calculations for the followgi

Performance Requirements Annex 20 reference
Cold service braking performance 3.0
Parking brake performance 4.0
Emergency brake performance 5.0
Failure of brake distribution system 6.0
Anti-lock braking 7.0
Functional and installation checks 8.0
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2.2.

3.1.

3.2

3.2.1.

3.2.1.1.

3.2.1.2.

3.2.1.8.

3.2.1.4.

3.2.1.5.

3.2.1.6.
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A trailer, representative of the trailerdyip be approved hereafter referred to as the

"subject trailer".

The manufacturer of the "reference trailerd &ubject trailer" shall be the same.

Alternative procedure for demonstrating the TF@peservice braking cold
performance.

To demonstrate compliance with the Type-Oiserraking cold performance it shall
be verified, by calculation, that the "subject l#gi has sufficient brake force (TR)

available to achieve the prescribed service bralkiagormance and that there is
sufficient adhesion available on a dry road surf@ssumed to have a coefficient of
adhesion of 0.8) to utilize this brake force.

Verification

The requirements of Annex 4, paragraph§l.2nd 3.1.2. (cold performance
requirement and achievement without wheel lock,iat@n or abnormal vibration)

are considered to be satisfied by the subjecetr#ilit meets the verification criteria
described in the following paragraphs, in bothl#tteen and unladen conditions:

The wheelbase of the subject trailer shatl be less than 0.8 times the reference
trailer wheelbase.

Any difference in the brake input torqueen one axle and another within a bogie
of the "subject trailer" shall not differ from thaft the "reference trailer".

The number and arrangement of axlesiftiagl steering etc. of the "subject trailer"
shall not differ from that of the reference trailer

The percentage distribution of the ladaticsaxle load of the subject trailer shall not
differ from that of the reference trailer by mohan 10 per cent.

For semi trailers, a graph, in accordamite Appendix 2, shall be constructed and,
from this graph, it shall be verified that:

TR max> TRy (i.€. line (1) shall not be below line (3)), and
TRL > TRy (i.e. line (2) shall not be below line (3)).

For centre axle trailers, a graph, in et&ace with Appendix 3, shall be constructed
and, from this graph, it shall be verified that:

TR max> TRy (i.€. line (1) shall not be below line (3)), and
TRL > TRy (i.e. line (2) shall not be below line (3)).
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3.2.1.7.

4.1.

4.1.1.

4.1.2.

4.2.

4.2.1.

4.2.2.

4.2.2.1.

4.2.2.1.1.

For full trailers, a graph, in accordamdth Appendix 4, shall be constructed and,
from this graph, it shall be verified that:

TR max> TRy (i.€. line (1) shall not be below line (2)), and

TRy > TRy (i.e. line (4) shall not be below line (3)), and

TR > TRy (i.€. line (6) shall not be below line (5)).

Alternative procedure for demonstrating the paylorake performance.

General

This procedure provides an alternative tgsgally testing trailers on a gradient and
ensures that trailers fitted with spring brake at#d parking mechanisms can meet
the prescribed parking brake performance. Thisgutare shall not be applied to

trailers fitted with parking mechanisms operatednmans other than spring brakes.
Such trailers shall be subjected to the physiclgeescribed in Annex 4.

The prescribed parking braking performantal e demonstrated by calculation,
using the formulae contained in paragraphs 4.2 4a8d

Parking performance

The parking brake force at the peripheryheftyres of axle(s) braked by the spring
brake actuated parking mechanism shall be calaulaiang the following formula:

Toi = (Thh x| - G)xnxBe/Rs
The normal reaction of the road surface ten axles of a stationary trailer facing
uphill and downhill on an 18 per cent gradient Ehalcalculated using the following
formulae:

In the case of full trailers:

Facing uphill

tanPxh xP
Ney =| PReE-———

L

jcosP

tanPxh xP
Ngry=| PRk +——— |cosP

E.
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Nrui=—
IR

4.2.2.1.2. Facing downhill

tanPxh xP
Nep =| PRe + ——— |cosP

E.
N
Nepi = -2
Ir
tanPxh xP
Nrp = PRR'T cosP
L

Nrp
Nrpi =—
IR

4.2.2.2. In the case of centre axle trailers:

4.2.2.2.1. Facing uphill

tanP x h XPJ
+——— [cosP

NRuz[P
E.

Nrui=—
R

4.2.2.2.2. Facing downhill
NRD:(P_tanP;h xPjCosP
L

Nrp
Nrpi =—
IR

4.2.2.3. Inthe case of semi-trailers:

4.2.2.3.1. Facing uphill
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NRU:(P_ P.XEr , tanPxh ijcosP
E. E.

Nru
Nrui=—

IR

4.2.2.3.2. Facing downhill

Neo :(P— P.XEr tanPxh xPjCOSP
EL EL
N
Nroi =2
IR
4.3. Verification
4.3.1. The parking brake performance of the trasleall be verified using the following
formulae:
(@ +0. 01j x 100 > 18%
and:
L+ )
(M +0. 01j x 100 > 18%
5. Alternative procedure for demonstrating the emecy/automatic braking
performance
5.1. General
5.1.1. To demonstrate compliance with the automiataking performance requirements,

either a comparison is made between the chambsesyme required to achieve the
specified performance and the asymptotic chamle=spre after disconnection of the
supply line, as defined in paragraph 5.2.1., @hdll be verified that the brake force
provided by the axle(s) fitted with spring brakessufficient to achieve the specified
performance, as defined in paragraph 5.2.2.

5.2. Verification
5.2.1. The requirements of Annex 4, paragraph &f, considered to be satisfied by a

subject trailer if the asymptotic chamber press{ng after disconnection of the
supply line is greater than the chamber pressuge t@ achieve a performance
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6.1.

6.1.1.

6.2.

6.2.1.

6.2.1.1.

6.2.1.2.

7.1.

7.1.1.
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of 13.5 per cent of the maximum stationary wheeldlo The supply line pressure
being stabilized at 700 kPa prior to disconnection.

The requirements of Annex 4, paragraph &fe, considered to be satisfied by a
spring brake equipped subject trailer if:

2T, > 0.135( PR)(9Q)

where:
Tpi is calculated in accordance with paragraph 4.2.1.

Alternative procedure for demonstrating brakpegformance in the case of failure of
the braking distribution system

General

To demonstrate compliance with the brakiadgsmance requirements in the case of
a failure of the braking distribution system, a qamson is made between the
chamber pressure required to achieve the speqifegtbrmance and the chamber
pressure available when a failure in the brakirsgridiution system exists.

Verification

The requirements of Annex 10, Appendix, gaaph 6., are considered to be satisfied
by the subject trailer if the pressure defined amagraph 6.2.1.1. is greater than or
equal to the pressure defined in paragraph 6.2.1n2both laden and unladen
conditions.

The chamber pressurg) (@ the subject trailer, whenyp= 650 kPa, the supply line
pressure = 700 kPa and a failure in the brakingilligion system exists.

The chamber pressure) (fo achieve a braking rate of 30 per cent of thevise
braking performance prescribed for the subjeclerai

Alternative procedure for demonstrating the-fodk braking performance
General
Testing of a trailer in accordance with Axi8 to this Regulation may be waived at

the time of type approval of the trailer providéwitt the anti-lock braking system
(ABS) complies with the requirements of Annex 19his Regulation.
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7.2. Verification
7.2.1. Verification of components and installation

The specification of the ABS installed on the legaito be type approved shall be
verified by satisfying each of the following criir

Paragraph CRITERIA
7.2.1.1. (&) Sensor(s) No change allowed
(b) Controller(s) No change allowed
(c) Modulator(s) No change allowed

7.2.1.2. Tube size(s) and lengths
(@) Reservoir supply to modulator(s)
Minimum inside diameter May be increased
Maximum overall length May be reduced

(b) Modulator delivery to brake chamberp

Inside diameter No change allowed
Maximum overall length May be reduced
7.2.1.3. Warning signal sequence No change allowed
7.2.1.4. Differentials in brake input torque wittdn Only approved differentials (if
bogie any) permitted
7.2.1.5. For other limitations refer to paragrapdf 4 Installation to be within the scope
the test report as described in Appendixd the limitations defined - No
of Annex 19 to this Regulation. deviations allowed
7.3. Verification of reservoir capacity
7.3.1. As the range of braking systems and auyikguipment used on trailers is diverse it

is not possible to have a table of recommendedvesecapacities. To verify that
adequate storage capacity is installed, testing fmayconducted according to
paragraph 6.1. of Annex 13 to this Regulation otheyprocedure defined below:

7.3.1.1. In the case of brakes with non integrdtexke wear adjustment the brakes on the
subject trailer shall be set to a condition whéeerelationship (B of brake chamber

push rod travelg) against lever length+ is 0.2.
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Example:

l¢ =130 mm

Re =S1/lt = /130 = 0.2

Sr = Push rod travel at 650 kPa brake chamber pressu

=130x 0.2 =26 mm

7.3.1.2. Inthe case of brakes with integratedraat@ brake wear adjustment the brakes shall
be set to a normal running clearance.

7.3.1.3.  Setting of the brakes as defined abov# kbacarried out when the brakes are cold
(<100 °C).

7.3.1.4. With the brakes adjusted according toveaie procedure defined above and the load
sensing device(s) set to the laden condition aadrtiial energy level set according
to paragraph 6.1.2. of Annex 13 to this Regulattbe, energy storage device(s) shall
be isolated from further supply. The brakes shallapplied with a control pressure
of 650 kPa at the coupling head and then fullyasdel. Further brake applications
shall be made up to the numberdetermined from the test conducted in accordance
with paragraph 5.4.1.2.4.2. of Annex 19 to this Wagon and defined in
paragraph 2.5. of the anti-lock braking system Appt Report. During this
application, the pressure in the operating cirshdll be sufficient to provide a total
braking force at the periphery of the wheels eqoualot less than 22.5 per cent of the
maximum stationary wheel load and without causinogpmatic application of any
braking system not under the control of the artklbraking system.

8. Functional and installation checks

8.1. The Technical Service/Approval Authority shadirry out functional and installation
checks covering the following paragraphs:

8.1.1. Anti-lock function

8.1.1.1.  This shall be limited to a dynamic chetkhe anti-lock braking system. To ensure
full cycling it may be necessary to adjust the Isadsing device or utilize a surface
having a low tyre to road adhesion. If the antikiosystem does not have an
Annex 19 approval, the trailer shall be tested acoadance with Annex 13 and
comply with the relevant requirements containethat annex.

8.1.2. Response time measurement

8.1.2.1. The Technical Service shall verify thae tsubject trailer conforms to the
requirements of Annex 6.
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8.1.3.

8.1.3.1.

8.1.4.

8.1.4.1.

8.1.5.

8.1.5.1.

8.1.6.

8.1.6.1.

8.1.7.

8.1.7.1.

8.1.8.

8.1.8.1.

Static energy consumption

The Technical Service shall verify thae tlubject trailer conforms to the
requirements of Annex 7 and Annex 8 as appropriate.

Service brake function

The Technical Service shall verify thagréh are no abnormal vibrations during
braking.

Parking brake function

The Technical Service shall apply andasdethe park brake to ensure correct
function.

Emergency/automatic braking function

The Technical Service shall verify that tBubject trailer complies with the
requirements of paragraph 5.2.1.18.4.2. of thisuReign.

Vehicle and component identification veation

The Technical Service shall check theexilyailer against the details contained in
the type approval certificate.

Additional checks

The Technical Service may request additiohecks to be carried out, if necessary.
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METHOD OF CALCULATING THE CENTRE OF GRAVITY HEIGHT

The centre of gravity height for the complete v&higaden and unladen) can be calculated as
follows:

hl = centre of gravity height of axle(s) assembig.(tyres, springs, etc.) = R..1

h2 = centre of gravity height of frame (laden) € (hh8). 0.5

h3 = centre of gravity height of payload and bodskMtaden)
=(h7.0.3) + h6
h4 = centre of gravity height of frame (unladenh2 + s

h5 = centre of gravity height of bodywork (unladenh7.0.5) + h6 + s
where:

h6 = frame height, top

h7 = body dimensions, inside

h8 = frame height, bottom

P = total mass of the trailer

PR = total mass on all wheels of a semi trailezesitre axle trailer
R =radius of the tyre

s = spring deflection between laden and unladen

W1 = mass of axle(s) assembly (inc. tyres, spriags) = P. 0.1
W2 = mass of the frame = (- W1). 0.8

W3 = mass of payload and bodywork

W4 = mass of bodywork = (R-W1). 0.2
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LADEN: UNLADEN:
_ h1.Wi1+h2.W2+h3.W3 _ h1.W1+h4.W2+h5W4
Rlad P,ad Runl Punl
/\ 1/\
wid e w
w2 h3 [\ % /7 h5
N7 w1 N h2 hé O w1 \ h6

NOTES:

(1) For flat bed type trailers, a maximum heigh#toh shall be used.

(2) For trailers where the exact centre of gratigyght of the payload is not known, it shall be
taken as 0.3 times the inside dimensions of the.bod

(3) For trailers with air suspension, the value ghall be taken as zero.

(4) For semi-trailers and centre axle trailersjae@ P with PR wherever it occurs.
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VERIFICATION GRAPH FOR PARAGRAPH 3.2.1.5. - SEMI-MR_.ERS

M

2
/ 3

TR

650 kPa

Pm

(1) = TRnax, When g, = 650 kPa and supply line = 700 kPa.
(3) =0.45. R=TRy
where:

_(TRulhk ) HRg(Z(hr-hW)
Er

HQdyn - HQ

the value of gbeing calculated using the following formula:

2,=0.45-0.01 — = |+0.01
(P+7000g

NOTES:

(1) The value of 7,000 above represents the maagdamfing vehicle with no trailer attached.

(2) For the purpose of these calculations, clospbced axles (having an axle spread of less
than 2 metres) may be treated as one axle.
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VERIFICATION GRAPH FOR PARAGRAPH 3.2.1.6. - CENTRE&LE TRAILERS

()

(2)
/ (3)

TR

650 kPa

Pm

(1) = TRnax, When g, = 650 kPa and supply line = 700 kPa.
(2) = Frgyn- 0.8 = TR
(3)=0.5. R=TRy

where:

(TRulhi ) HRALZ(hr-hi)
Er

FRdyn = k-

the value of zbeing calculated using the following formula:

zc=0.45—0.01(—FR J+o.01

(P+7000g

NOTES:

(1) The value of 7,000 above represents the maasamfing vehicle with no trailer attached.

(2) For the purpose of these calculations, clospiced axles (having an axle spread of less
than 2 metres) may be treated as one axle.
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VERIFICATION GRAPH FOR PARAGRAPH 3.2.1.7. - FULL TRLERS

(1)

{2)

FRONT
< (4)

.
TR / (3)

/// 6
_~~REAR
1 (5)

X 650 (kPa)

(1) = TRnax, When g, = 650 kPa and supply line = 700 kPa.
(2)=0.5. R=TRy

(3) =TRyi = TR, when g, = X

4) = Fayn - 0.8 = TR

(5) = TR = TR, when g, = X (6) = Fgyn. 0.8 = TR,

where:

and
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the value of zbeing calculated using the following formula:

2. =0.5-0.01 — = |+0.01
(P+7000)g

NOTES:

(1) The value of 7,000 above represents the maadafing vehicle with no trailer attached.
(2) For the purpose of these calculations, closphced axles (having an axle spread of less
than 2 metres) may be treated as one axle.
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SYMBOLS AND DEFINITIONS

SYMBOL [DEFINITION

Api Tpi when T, < 0.8 Nep; for front axles, or
0.8 Nepiwhen T, > 0.8 Nep; for front axles

Boi Tpiwhen T, < 0.8 Npifor rear axles, or
0.8 Nkpiwhen T, > 0.8 Nqp;for rear axles

Aui Tpiwhen T, < 0.8 Neyifor front axles, or
0.8 N=ui when T, > 0.8 Ny for front axles

Bui Tpiwhen T, < 0.8 Nkyi for rear axles, or
0.8 Nruiwhen Ty > 0.8 N for rear axles

Br brake factor

Co threshold camshaft input torque (minimum camsHhaffjue necessary
produce a measurable brake torque)

E wheelbase

EL distance between the coupling support leg or laptegs to the centre of {
axle(s) of a centre axle trailer or semi-trailer

Er distance between king-pin and centre of axle tesaaf semi-trailer

F force (N)

F total normal static reaction of road surface amfraxle(s)

Frayn total normal dynamic reaction of road surface rontf axles(s)

F total normal static reaction of road surface @r exle(s)

Frdyn total normal dynamic reaction of road surface ear axle(s)

Fr total normal static reaction of road surface dwdleels of the trailer or semi-
trailer

Frayn total normal dynamic reaction of road surface drwdleels of the trailer
semi-trailer

g acceleration due to gravity (9.81 f)/s

h height above ground of centre of gravity

hk height of fifth wheel coupling (king pin)

h height of centre of gravity of trailer

[ axle index

i number of front axles

iR number of rear axles

I lever length

n number of spring brake actuators per axle
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Nep total normal reaction of road surface on front élevhen facing downhill ¢
an 18 per cent gradient
Nepi normal reaction of road surface on front axle i whacing downhill on &
18 per cent gradient
Neu total normal reaadn of road surface on front axle(s) when facingilipn an
18 per cent gradient
NEui normal reaction of road surface on front axle ewlfiacing uphill on an 1gel
cent gradient
Nrp total normal reaction of road surface on rear @xlevhen facing denhill on
an 18 per cent gradient
Nrpi normal reaction of road surface on rear axle i wkamng downhill on &
18 per cent gradient
Nru total normal reaction of road surface on rear axla(hen facing uphill on ¢
18 per cent gradient
Nrui normal reaction of road surface on rear axle iwfazing uphill on an 18el
cent gradient
Pm pressure at coupling head of control line
Pe pressure in the brake chamber
P mass of individual vehicle
Ps static mass at fifth wheel coupling at trailer m&s
PR total normal static reaction of road surfacevbeels of trailer or semi-trailern
PR- total normal static reaction of road surface anftbnt axles on level ground
PR: total normal static reaction of road surface anrdar axles on level ground
Rs static laden radius of the tyre, calculated usiegfollowing formula:
Rs=%dr+ R H
where:
dr = nominal rim diameter
H = design section height (d - dr)
d = rim diameter convention number
Fr = factor, as defined by ETRTO
(Engineering Design, Information 1994, page CY.11
Toi brake force at periphery of all wheels of axleayded by the spring brake(s$
Ths spring thrust of the spring brake
TR sum of braking forces at periphery of all whesflghe trailer or semi-trailer
TR¢ sum of braking forces at periphery of all whedlthe front axle(s)
TR, sum of braking forces at periphery of all whedlthe rear axle(s)
TRmax sum of maximum available braking forces at perighafr all wheels of th
trailer or semi-trailer

N—r
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TRL sum of braking forces at periphery of all whedlshe trailer or semirailer a
which the limit of adhesion is reached
TRy sum of braking forces at periphery of all wheelghad front axle(s) at whig
the limit of adhesion is reached
TRy, sum of braking forces at pphery of all wheels of the rear axle(s) at whik§
limit of adhesion is reached.
TRy sum of braking forces at periphery of all whedighe trailer or semirailer
required to achieve the prescribed performance
TR sum of braking forces at peripiyeof all wheels of the front axle(s) requireq
achieve the prescribed performance
TRorr sum of braking forces at periphery of all wheelshef rear axle(s) required
achieve the prescribed performance
Z braking rate of the vehicle combination, with thagler only braked
cos P cosine of angle subtended by slope ofpel8 cent and horizont
plane = 0.98418
tan P tangent of angle subtended by slope of 18g@rand horizontal plane = 0.18




