Annex 5

Additional provisions applicable to certain vehicles as specified in the ADR

1. Scope

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

2. Requirements

2.1. General provisions

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

2.2. Anti-lock braking system of trailers

2.2.1. Trailers of category Os shall be equipped with category A anti-lock
systems as defined in Annex 13 of this Regulation.

2.3. Endurance braking system

2.3.1. Power-driven vehicles having a maximum mass exceeding 16 tonnes, or
authorized to tow a trailer of category Oy shall be fitted with an endurance
braking system according to paragraph 2.15. of this Regulation which complies
with the following requirements:

2.3.1.1.

The endurance braking control configurations shall be from a type described in
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paragraphs 2.15.2.1. to 2.15.2.3. of this Regulation.

2.3.1.2. In the case of an electrical failure of the anti-lock system, integrated or
combined endurance braking systems shall be switched off automatically.
2.3.1.3. The effectiveness of the endurance braking system shall be controlled
by the anti-lock braking system such that the axle(s) braked by the endurance
braking system cannot be locked by that system at speeds above 15 km/h.
However, this requirement shall not apply to that part of the braking system
constituted by the natural engine braking.

2.3.1.4. The endurance braking system shall comprise several stages of
effectiveness, including a low stage appropriate for the unladen condition.
Where the endurance braking system of a power-driven vehicle is constituted
by its engine, the different gear ratios shall be considered to provide the
different stages of effectiveness.

2.3.1.5. The performance of the endurance braking system shall be such that it
fulfils the requirements of paragraph 1.8. of Annex 4 to this Regulation (Type-II
A test), with a laden vehicle mass comprising the laden mass of the motor
vehicle and its authorized maximum towed mass but not exceeding a total of 44
tonnes.

2.3.2. If a trailer is equipped with an endurance braking system it shall fulfil the
requirements of paragraphs 2.3.1.1. to 2.3.1.4. above as appropriate.

2.4. Braking requirements for EX/III vehicles of categories O and O,

2.4.1. Notwithstanding the provisions of paragraph 5.2.2.9. of this Regulation,
EX/III vehicles, as defined in Regulation No. 105, of categories Ol and O2,
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irrespective of their mass, shall be equipped with a braking system which
automatically brakes the trailer to a stop if the coupling device separates while

the trailer is in motion.

Annex 6

Method of measuring the response time on vehicles equipped with
compressed-air braking systems

1. General

1.1.

The response times of the service braking system shall be determined on the
stationary vehicle, the pressure being measured at the intake to the cylinder of
the least favourably placed brake. In the case of vehicles fitted with combined
compressed-air/hydraulic braking systems, the pressure may be measured at the
opening of the least favourably placed pneumatic unit. For vehicles equipped
with load sensing valves, these devices shall be set in the "laden" position.
1.2. During the test, the stroke of the brake cylinders of the various axles shall
be that required for brakes adjusted as closely as possible.

1.3. The response times determined in accordance with the provisions of this
annex shall be rounded to the nearest tenth of a second. If the figure
representing the hundredth is five or more, the response time shall be rounded
up to the next higher tenth.

2. Power-driven vehicles
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72 < BRERGI B O EAT I HE AL L E 25 5
(S L T Ik S S i EhdE A

TEEL TG, eS| E HEIRY
A LTI R 57220,

=l
ZEREXFIEERE 2 20 U2 Bl 2 AR E ORI E 5%
1. —BRE

1.1.

T BN AL E OISERFHENL, F IR O BRI T, &b AR (LE

b HEIEEEEARO S Y U —D ANAIZIT DES 2 RIE LA HHE
T 2%, WEEOZERE - RE R ENEE 2 E L2 Eilch - TR, &
HBAFNRNEICH DREREEDO A DI W TENZRIELTH L,

— Re v TNV T B A TS o T, SiiEE
WHICRET 5.

1.2, ARBRTIE, BB LB 724 Hh
7 — 7 3 ERICIHE TS 2 L,
1.3. AKRHTRIOBUEIZHE > THIE S A7 AR, 104>
IWEIZ D D Z &,
122 E 5 D157 D IR e b fV MEL

% [FE#

BIATL—F2 Y o H—DA R
DIFVEAL T b
1005y D IRV HEAL OEMSLL ETH 256 1T, & RE

gy ks L,

2. BEpE
2.1.



At the beginning of each test, the pressure in the energy storage device shall be
equal to the pressure at which the governor restores the feed to the system. In
systems not equipped with a governor (e.g., pressure-limited compressors) the
pressure in the energy storage device at the beginning of each test shall be 90
per cent of the pressure specified by the manufacturer and defined in paragraph
1.2.2.1. of Part A of Annex 7 to this Regulation, used for the tests prescribed in
this annex.

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

2.3. The response time to be taken into consideration for the purpose of the test
is that corresponding to an actuating time of 0.2 seconds. This response time
can be obtained from the graph by interpolation.

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

2.5. In the case of power-driven vehicles having a pneumatic control line for
trailers, in addition to the requirements of paragraph 1.1. of this Annex, the
response time shall be measured at the extremity of a pipe 2.5 m long with an
internal diameter of 13 mm which shall be joined to the coupling head of the

control line of the service braking system. During this test, a volume of 385 +/-
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5 ¢cm? (which is deemed to be equivalent to the volume of a pipe 2.5 m long
with an internal diameter of 13 mm and under a pressure of 650 kPa) shall be

connected to the coupling head of the supply line. Tractors for semi-trailers

shall be equipped with flexible pipes for making the connection to semi-trailers.

The coupling heads will, therefore, be at the extremity of those flexible pipes.
The length and internal diameter of the pipes shall be entered at item 14.7.3. of

the form conforming to the model in Annex 2 to this Regulation.

In the case of an automated connector the measurement including the use of a
2.5m pipe and 385 + 5 cm? of volume as described above shall be made,
considering the connector interface as the coupling heads.

2.6. The time elapsing from the initiation of brake-pedal actuation to the
moment when:

(a)The pressure measured at the coupling head of the pneumatic control line;
(b)The digital demand value in the electric control line measured according to

ISO 11992:2003 including ISO 11992-2:2003 and its Amd.1:2007.

X [per cent] t[s]

10 0.2
75 0.4

2.7. In the case of power-driven vehicles authorized to tow trailers of category
O3 or Oy fitted with compressed-air braking systems, in addition to the above-

mentioned requirements, the prescriptions in paragraph 5.2.1.18.4.1. of this
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Regulation shall be verified by conducting the following test:

(a) By measuring the pressure at the extremity of a pipe 2.5 m long with an
internal diameter of 13 mm which shall be joined to the coupling head of the
supply line;

(b) By simulating a failure of the control line at the coupling head;

(c) By actuating the service braking control device in 0.2 seconds, as described
in paragraph 2.3. above.

3. Trailers

3.1. The trailer's response times shall be measured without the power-driven
vehicle. To replace the power-driven vehicle, it is necessary to provide a
simulator to which the coupling heads of the supply line, the pneumatic control
line and/or the connector of the electric control line are connected.

3.2. The pressure in the supply line shall be 650 kPa.

3.3. The simulator for pneumatic control lines shall have the following
characteristics:

3.3.1. It shall have a reservoir with a capacity of 30 litres which shall be
charged to a pressure of 650 kPa before each test and which shall not be
recharged during each test. At the outlet of the braking control device, the
simulator shall incorporate an orifice with a diameter of from 4.0 to 4.3 mm
inclusive. The volume of the pipe measured from the orifice up to and including
the coupling head shall be 385 +/-5 cm® (which is deemed to be equivalent to
the volume of a pipe 2.5 m long with an internal diameter of 13 mm and under

a pressure of 650 kPa). The control line pressures referred to in paragraph 3.3.3.
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of this annex shall be measured immediately downstream of the orifice.

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

3.3.3. The simulator shall be set, e.g. through the choice of orifice in
accordance with paragraph 3.3.1. of this annex in such a way that, if a reservoir
of 385 +/-5 cm? is joined to it, the time taken for the pressure to increase from
65 to 490 kPa (10 and 75 per cent respectively of the nominal pressure of 650
kPa) shall be 0.2 +/-0.01 seconds. If a reservoir of 1,155 +/-15 cm® is
substituted for the above-mentioned reservoir, the time taken for the pressure to
increase from 65 to 490 kPa without further adjustment shall be 0.38 +/-0.02
seconds. Between these two pressure values, the pressure shall increase in an
approximately linear way.

These reservoirs shall be connected to the coupling head without using flexible
pipes. The connection between the reservoirs and the coupling head shall
have an internal diameter of not less than 10 mm.

The setting shall be carried out using a coupling head arrangement that is

representative of the type fitted to the trailer for which type approval is sought.
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3.3.4. The simulator for checking the response to signals transmitted via the
electric control line shall have the following characteristics:

3.4. The simulator for checking the response to signals transmitted via the
electric control line shall have the following characteristics:

3.4.1. The simulator shall produce a digital demand signal in the electric control
line according to ISO 11992-2:2003 including ISO 11992-2:2003 and its
Amd.1:2007 and shall provide the appropriate information to the trailer via pins
6 and 7 of the ISO 7638:2003 connector. For the purpose of response time
measurement the simulator may at the manufacturer's request transmit to the
trailer information that no pneumatic control line is present and that the electric
control line demand signal is generated from two independent circuits (see
paragraphs 6.4.2.2.24. and 6.4.2.2.25. of ISO 11992-2:2003 and its
Amd.1:2007).

3.4.2. The braking system control shall be so designed that its performance in

use is not affected by the tester.
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3.4.3. For the purpose of response time measurement the signal produced by the
electric simulator shall be equivalent to a linear pneumatic pressure increase
from 0.0 to 650 kPa in 0.2 +/-0.01 seconds.

3.4.4. The diagrams in the appendix to this annex give an example of the
correct configuration of the simulator for setting and use.

3.5. Performance requirements

3.5.1. For trailers with a pneumatic control line the time elapsing between the
moment when the pressure produced in the control line by the simulator reaches
65 kPa and the moment when the pressure in the brake actuator of the trailer
reaches 75 per cent of its asymptotic value shall not exceed 0.4 seconds.
3.5.1.1. Trailers equipped with a pneumatic control line and having electric
control transmission shall be checked with the electrical power supplied to the
trailer via the ISO 7638:2003 connector (5 or 7 pin).

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

3.5.3. In the case of trailers equipped with a pneumatic and an electric control
line, the response time measurement for each control line shall be determined

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

65 kPa

490 kPa

2. Testing the Trailer
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C1 = Pressure switch in the simulator, set at 65 kPa and at 490 kPa
C2 = Pressure switch to be connected to the brake actuator of the trailer, to
operate at 75 per cent of the asymptotic pressure in the brake actuator CF
CF = Brake cylinder
L = Line from orifice O up to and including its coupling head TC, having an
inner volume of 385 +/-5 cm? under a pressure of 650 kPa
M = Pressure gauge
O = Orifice with a diameter of not less than 4 mm and not more than 4.3 mm
PP = Pressure test connection
= 30 litre air reservoir with drain valve
R2 = Calibrating reservoir, including its coupling head TC, to be 385 +/-5 cm?
R3 = Calibrating reservoir, including its coupling head TC, to be 1155 +/-15
cm3
RA = Shut-off valve
TA = Coupling head, supply line
V = Braking system control device
TC = Coupling head, control line
VRU = Emergency relay valve

3. Example of a simulator for electric control lines
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PP = Pressure test connection PP = [+ /73R FHHefi5h




TA = Coupling head, supply line
VRU = Emergency relay valve

Annex 7

Provisions relating to energy sources and energy storage devices (energy
accumulators)

A. Compressed-Air braking systems

1. Capacity of energy storage devices (Energy reservoirs)

1.1. General

1.1.1. Vehicles on which the operation of the braking system requires the use of

compressed-air shall be equipped with energy storage devices (energy

reservoirs) of a capacity meeting the requirements of paragraphs 1.2. and 1.3. of

this annex (Part A).

1.1.2. It shall be possible to easily identify the reservoirs of the different
circuits.

1.1.3. However, the energy storage devices shall not be required to be of a
prescribed capacity if the braking system is such that in the absence of any
energy reserve it is possible to achieve a braking performance at least equal to
that prescribed for the secondary braking system.

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

1.2. Power-driven vehicles

1.2.1. The energy storage devices (energy reservoirs) of power-driven vehicles
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shall be such that after eight full-stroke actuations of the service braking system
control the pressure remaining in the energy storage device(s) shall be not less
than the pressure required to obtain the specified secondary braking
performance.

1.2.2. Testing shall be performed in conformity with the following
requirements:

1.2.2.1. The initial energy level in the energy storage device(s) shall be that
specified by the manufacturer'. It shall be such as to enable the prescribed
performance of the service braking system to be achieved;

! The initial energy level shall be stated in the approval document.

1.2.2.2. The energy storage device(s) shall not be fed; in addition, any energy
storage device(s) for auxiliary equipment shall be isolated;

1.2.2.3. In the case of power-driven vehicle to which the coupling of a trailer is
authorized and with a pneumatic control line, the supply line shall be stopped
and a compressed-air reservoir of 0.5 litre capacity shall be connected directly
to the coupling head of the pneumatic control line. Before each braking
operation, the pressure in this compressed-air reservoir shall be completely
eliminated. After the test referred to in paragraph 1.2.1. above, the energy level
supplied to the pneumatic control line shall not fall below a level equivalent to
one-half the figure obtained at the first brake application.

1.3. Trailers

1.3.1. The energy storage devices (energy reservoirs) with which trailers are

equipped shall be such that, after eight full-stroke actuations of the towing

FHIEAEE O BAFIE T8 BI7 VA b u— 7 EELIT o 1o, =L F—
PEENOFRRIET) D5, Z IR BV EEE 2N BUE OPEREICEET 572012

PRENZ THRIGRNEDTHDL Z L,

122, BBRITR OB > TERT D Z &,

1.22.1. T F—EREEENORBIEO = 3L F—HRHL~Lid, A —

A= ELZbDETHY, B X —FHL~VUL, EfildhEE

IZOWTHIE SN MREA LB LD THD Z L,

VBRAARF D TR — LU E, RAHFEEICREE TS Z L,

1222, =R X —FREHICIT= AL —F M LenT &, &b,

HMERAEIE OO = 1)L X — ERPAEE ~ORLE RN 5 Z &,

1.2.2.3. #EGIHEOBAENRD Hiv, N OBKIERHERZEHL T 5D

HEVEIZ & - T, R AER L, O E0SY v MV OEZER Y

W\ 22 SR AR R ORE I B T 5 2 & BHIEERIEA T

DM, ENZERY = "NDOEN 22T 5, Ritl2 1HIZR#

L7ziBR oo, ZZRERHERICHEE SN D =R F—L~UL3 | HlE

DOHIENEAECH OGN TFIZ05E2F UEEZ TREIL RN &,

1.3, #zeg|
1.3.1. # | B3 SN lc = p L F—FREE (mx1rx—U ¥ —
) A2 T, FESIEM O EHIBEEE TR 7 VA b o — 7 BfEE1T -



vehicle's service braking system, the energy level supplied to the operating
members using the energy, does not fall below a level equivalent to one-half of
the figure obtained at the first brake application and without actuating either the
automatic or the parking braking system of the trailer.

1.3.2. Testing shall be performed in conformity with the following
requirements:

1.3.2.1. The pressure in the energy storage devices at the beginning of each test
shall be 850 kPa;

1.3.2.2. The supply line shall be stopped; in addition, any energy storage
device(s) for auxiliary equipment shall be isolated;

1.3.2.3. The energy storage devices shall not be replenished during the test;
1.3.2.4. At each brake application, the pressure in the pneumatic control line
shall be 750 kPa;

1.3.2.5. At each brake application, the digital demand value in the electric
control line shall be corresponding to a pressure of 750 kPa.

2. Capacity of energy sources

2.1. General

The compressors shall meet the requirements set forth in the following
paragraphs.

2.2. Definitions

2.2.1. "py" is the pressure corresponding to 65 per cent of the pressure p»
defined in paragraph 2.2.2. below.

2.2.2."py" is the value specified by the manufacturer and referred to in
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paragraph 1.2.2.1. above.
2.2.3."t;" is the time required for the relative pressure to rise from 0 to pi, and

"t," is the time required for the relative pressure to rise from 0 to po.

2.3. Conditions of measurement

2.3.1. In all cases, the speed of the compressor shall be that obtained when the
engine is running at the speed corresponding to its maximum power or at the
speed allowed by the governor.

2.3.2. During the tests to determine the time t; and the time t», the energy
storage device(s) for auxiliary equipment shall be isolated.

2.3.3. If it is intended to attach a trailer to a power-driven vehicle, the trailer
shall be represented by an energy storage device whose maximum relative
pressure p (expressed in kPa / 100) is that which can be supplied through the
towing vehicle's supply circuit and whose volume V, expressed in litres, is
given by the formula p x V=20 R (R being the permissible maximum mass, in
tonnes, on the axles of the trailer).

2.4, Interpretation of results

2.4.1. The time t; recorded for the least-favoured energy storage device shall
not exceed:

24.1.1.

3 minutes in the case of vehicles to which the coupling of a trailer is not
authorized; or
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6 minutes in the case of vehicles to which the coupling of a trailer is authorized.
2.4.2. The time t, recorded for the least-favoured energy storage device shall
not exceed:

2.4.2.1. 6 minutes in the case of vehicles to which the coupling of a trailer is not
authorized; or

2.4.2.2. 9 minutes in the case of vehicles to which the coupling of a trailer is
authorized.

2.5. Additional test

2.5.1. If the power-driven vehicle is equipped with one or more energy storage
devices for auxiliary equipment having a total capacity exceeding 20 per cent of
the total capacity of the braking energy storage devices, an additional test shall
be performed during which no irregularity shall occur in the operation of the
valves controlling the filling of the energy storage device(s) for auxiliary
equipment.

2.5.2. It shall be verified during the aforesaid test that the time t; necessary to
raise the pressure from 0 to p, in the least-favoured braking energy storage
device is less than:

2.5.2.1. 8 minutes in the case of vehicles to which the coupling of a trailer is not
authorized; or

2.5.2.2. 11 minutes in the case of vehicles to which the coupling of a trailer is
authorized.

2.5.3. The test shall be performed in the conditions prescribed in paragraphs
2.3.1. and 2.3.3. above.
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2.6. Towing vehicles
2.6.1. Power-driven vehicles to which the coupling of a trailer is authorized
shall also comply with the above requirements for vehicles not so authorized. In
that case, the tests in paragraphs 2.4.1. and 2.4.2. (and 2.5.2.) of this annex will
be conducted without the energy storage device mentioned in paragraph 2.3.3.
above.

B. Vacuum braking systems

1. Capacity of energy storage devices (energy reservoirs)

1.1. General

1.1.1. Vehicles on which operation of the braking system requires the use of a
vacuum shall be equipped with energy storage devices (energy reservoirs) of a
capacity meeting the requirements of paragraphs 1.2. and 1.3. of this annex
(Part B).

1.1.2. However, the energy storage devices shall not be required to be of a
prescribed capacity if the braking system is such that in the absence of any
energy reserve it is possible to achieve a braking performance at least equal to
that prescribed for the secondary braking system.

1.1.3. In verifying compliance with the requirements of paragraphs 1.2. and 1.3.
of this annex, the brakes shall be adjusted as closely as possible.

1.2. Power-driven vehicles

1.2.1. The energy storage devices (energy reservoirs) of power-driven vehicles
shall be such that it is still possible to achieve the performance prescribed for

the secondary braking system:

2.6. G| HfH

2.6.1. WHESIEOHEENRD 5N TWDHBIEICH > T, YiksEfEnes
DHATWARWERIZET 2 ERREMFICOEAET D52 L. ZO%HE, A
AlD 241 LN 242 (LO02521H) OB, Ll 233 HIZEHEH L
e R F—ERIEE R L CEMT D,

B. HZEEXMIBEE
:|:

1. TXVX—ERER (XX —UF—N) OFE

1. —fBLE
1.1.1. IS E OEENC B EOM 2 LB T AHEmMICH-> TE, A
BRI (BHEE) O12TE T 3EO BT A T D R EO T VX — R

B (TR PF—N) BERD L,

1.12. 7272 L, flEEEENEM - 2L X —8 L CERIBEEEEICI Y K
HIEEEE OBIEICES T 51T, TRV F—EEENHEOA &
i 2 TV B LEILZR0,

1.1.3. AR 1258 K OV .3TH O B~ D
I ERICHHEI T2 2 L,
1.2. BEhE

Btz HBE, L E

1.2.1. HBEIEEO = 3L X —EfEE (mxrX—U =) L, ROY
AIZBWT, RGBS EOEREEFICEEST 2D THH I L,



1.2.1.1. After eight full-stroke actuations of the service braking system control
where the energy source is a vacuum pump; and

1.2.1.2. After four full-stroke actuations of the service brake control where the
energy source is the engine.

1.2.2. Testing shall be performed in conformity with the following
requirements:

1.2.2.1. The initial energy level in the energy storage device(s) shall be that
specified by the manufacturer?. It shall be such as to enable the prescribed
performance of the service braking system to be achieved and shall correspond
to a vacuum not exceeding 90 per cent of the maximum vacuum furnished by
the energy source;

2 The initial energy level shall be stated in the approval document.

1.2.2.2. The energy storage device(s) shall not be fed; in addition any energy
storage device(s) for auxiliary equipment shall be isolated;

1.2.2.3. In the case of a power-driven vehicle authorized to tow a trailer, the
supply line shall be stopped and an energy storage device of 0.5 litre capacity
shall be connected to the control line. After the test referred to in paragraph
1.2.1. above, the vacuum level provided at the control line shall not have fallen
below a level equivalent to one-half of the figure obtained at the first brake
application.

1.3. Trailers (categories O; and O, only)

1.3.1. The energy storage devices (energy reservoirs) with which trailers are

equipped shall be such that the vacuum level provided at the user points shall
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not have fallen below a level equivalent to one-half of the value obtained at the
first brake application after a test comprising four full-stroke actuations of the
trailer's service braking system.

1.3.2. Testing shall be performed in conformity with the following
requirements:

1.3.2.1. The initial energy level in the energy storage device(s) shall be that
specified by the manufacturer'. It shall be such as to enable the prescribed
performance of the service braking system to be achieved;

! The initial energy level shall be stated in the approval document.

1.3.2.2. The energy storage device(s) shall not be fed; in addition, any energy
storage device(s) for auxiliary equipment shall be isolated.

2. Capacity of energy sources

2.1. General

2.1.1. Starting from the ambient atmospheric pressure, the energy source shall
be capable of achieving in the energy storage device(s), in 3 minutes, the initial
level specified in paragraph 1.2.2.1. above. In the case of a power-driven
vehicle to which the coupling of a trailer is authorized, the time taken to
achieve that level in the conditions specified in paragraph 2.2. below shall not
exceed 6 minutes.

2.2. Conditions of measurement

2.2.1. The speed of the vacuum source shall be:

2.2.1.1. Where the vacuum source is the vehicle engine, the engine speed
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obtained with the vehicle stationary, the neutral gear engaged and the engine
idling;

2.2.1.2. Where the vacuum source is a pump, the speed obtained with the
engine running at 65 per cent of the speed corresponding to its maximum power
output; and

2.2.1.3. Where the vacuum source is a pump and the engine is equipped with a
governor, the speed obtained with the engine running at 65 per cent of the
maximum speed allowed by the governor.

2.2.2. Where it is intended to couple to the power-driven vehicle, a trailer
whose service braking system is vacuum-operated, the trailer shall be
represented by an energy storage device having a capacity V in litres
determined by the formula V = 15 R, where R is the maximum permissible
mass, in tonnes, on the axles of the trailer.

C. Hydraulic braking systems with stored energy

1. Capacity of energy storage devices (energy accumulators)

1.1. General

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

1.1.2. However, the energy storage devices shall not be required to be of a
prescribed capacity if the braking system is such that in the absence of any

energy reserve it is possible with the service braking system control to achieve
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a braking performance at least equal to that prescribed for the secondary
braking system.

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

1.2. Power-driven vehicles

1.2.1. Power-driven vehicles equipped with a hydraulic braking system with
stored energy shall meet the following requirements:

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

1.2.1.2. Testing shall be performed in conformity with the following
requirements:

1.2.1.2.1. Testing shall commence at a pressure that may be specified by the
manufacturer but is not higher than the cut-in pressure;

1.2.1.2.2. The energy storage device(s) shall not be fed; in addition, any energy
storage device(s) for auxiliary equipment shall be isolated.

1.2.2. Power-driven vehicles equipped with a hydraulic braking system with
stored energy which cannot meet the requirements of paragraph 5.2.1.5.1. of
this Regulation shall be deemed to satisfy that paragraph if the following
requirements are met:

1.2.2.1. After any single transmission failure it shall still be possible after eight
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full-stroke actuations of the service braking system control, to achieve, at the
ninth application, at least the performance prescribed for the secondary braking
system or, where secondary performance requiring the use of stored energy is
achieved by a separate control, it shall still be possible after eight full-stroke
actuations to achieve, at the ninth application, the residual performance
prescribed in paragraph 5.2.1.4. of this Regulation.

1.2.2.2. Testing shall be performed in conformity with the following
requirements:

1.2.2.2.1. with the energy source stationary or operating at a speed
corresponding to the engine idling speed, any transmission failure may be
induced. Before inducing such a failure, the energy storage device(s) shall be at
a pressure that may be specified by the manufacturer but not exceeding the cut-
in pressure;

1.2.2.2.2. The auxiliary equipment and its energy storage devices, if any, shall
be isolated.

2. Capacity of hydraulic fluid energy sources

2.1. The energy sources shall meet the requirements set out in the following
paragraphs:

2.1.1. Definitions

2.1.1.1. "p;" represents the maximum system operational pressure (cut-out
pressure) in the energy storage device(s) specified by the manufacturer.

2.1.1.2. "p2" represents the pressure after four full-stroke actuations with the

service braking system control, starting at p;, without having fed the energy
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storage device(s).

2.1.1.3. "t" represents the time required for the pressure to rise from p; to p; in
the energy storage device(s) without application of the service braking system
control.

2.1.2. Conditions of measurement

2.1.2.1. During the test to determine the time t, the feed rate of the energy
source shall be that obtained when the engine is running at the speed
corresponding to its maximum power or at the speed allowed by the over-speed
governor.

2.1.2.2. During the test to determine the time t, energy storage device(s) for
auxiliary equipment shall not be isolated other than automatically.

2.1.3. Interpretation of results

2.1.3.1. In the case of all vehicles except those of categories M3, N, and N3, the
time t shall not exceed 20 seconds.

2.1.3.2. In the case of vehicles of categories M3, N, and N3, the time t shall not
exceed 30 seconds.

3. Characteristics of warning devices

With the engine stationary and commencing at a pressure that may be specified
by the manufacturer but does not exceed the cut-in pressure, the warning device
shall not operate following two full-stroke actuations of the service braking

system control.
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Provisions relating to specific conditions for spring braking systems

1. Definition

1.1. "Spring braking systems" are braking systems in which the energy required
for braking is supplied by one or more springs acting as an energy storage
device (energy accumulator).

1.1.1. The energy necessary to compress the spring in order to release the brake
is supplied and controlled by the "control" actuated by the driver (see definition
in paragraph 2.4. of this Regulation).

1.2. "Spring compression chamber" means the chamber where the pressure
variation that induces the compression of the spring is actually produced.

1.3. If the compression of the springs is obtained by means of a vacuum device,
"pressure" shall mean negative pressure everywhere in this annex.

2. General

2.1. A spring braking system shall not be used as a service braking system.
However, in the event of a failure in a part of the transmission of the service
braking system, a spring braking system may be used to achieve the residual
performance prescribed in paragraph 5.2.1.4. of this Regulation provided that
the driver can graduate this action. In the case of power-driven vehicles, with
the exception of tractors for semi-trailers meeting the requirements specified in
paragraph 5.2.1.4.1. of this Regulation, the spring braking system shall not be
the sole source of residual braking. Vacuum spring braking systems shall not be
used for trailers.

2.2. A small variation in any of the pressure limits which may occur in the
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spring compression chamber feed circuit shall not cause a significant variation
in the braking force.

2.3. The following requirements shall apply to power driven vehicles equipped
with spring brakes:

2.3.1. The feed circuit to the spring compression chamber shall either include
an own energy reserve or shall be fed from at least two independent energy
reserves. The trailer supply line may be branched from this feed line under the
condition that a pressure drop in the trailer supply line shall not be able to apply

the spring brake actuators.

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

2.3.3. In any case, during re-charging of the braking system from zero pressure,
the spring brakes shall remain fully applied, irrespective of the position of the
control device, until the pressure in the service braking system is sufficient to
ensure at least the prescribed secondary braking performance of the laden
vehicle, using the service braking system control.

2.3.4. Once applied, the spring brakes shall not release unless there is sufficient
pressure in the service braking system to at least provide the prescribed residual

braking performance of the laden vehicle by application of the service braking
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control.

2.4. In power-driven vehicles, the system shall be so designed that it is possible
to apply and release the brakes at least three times if the initial pressure in the
spring compression chamber is equal to the maximum design pressure. In the
case of trailers, it shall be possible to release the brakes at least three times after
the trailer has been uncoupled, the pressure in the supply line being 750 kPa
before the uncoupling. However, prior to the check the emergency brake shall
be released. These conditions shall be satisfied when the brakes are adjusted as
closely as possible. In addition, it shall be possible to apply and release the
parking braking system as specified in paragraph 5.2.2.10. of this Regulation
when the trailer is coupled to the towing vehicle.

2.5. For power-driven vehicles, the pressure in the spring compression chamber
beyond which the springs begin to actuate the brakes, the latter being adjusted
as closely as possible, shall not be greater than 80 per cent of the minimum
level of the normal available pressure.

In the case of trailers, the pressure in the spring compression chamber beyond
which the springs begin to actuate the brakes shall not be greater than that
obtained after four full-stroke actuations of the service braking system in
accordance with paragraph 1.3 of Part A of Annex 7 to this Regulation. The
initial pressure is fixed at 700 kPa.

2.6. When the pressure in the line feeding energy to the spring compression
chamber - excluding lines of an auxiliary release device using a fluid under

pressure - falls to the level at which the brake parts begin to move, an optical or
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audible warning device shall be actuated. Provided this requirement is met, the
warning device may comprise the red warning signal specified in paragraph
5.2.1.29.1.1. of this Regulation. This provision does not apply to trailers.

2.7. If a power-driven vehicle authorized to tow a trailer with a continuous or
semi-continuous braking system is fitted with a spring braking system,
automatic application of the said system shall cause application of the trailer's
brakes.

2.8. Trailers which utilise the service braking system energy reserves to fulfil
the requirements for the automatic brake as defined in paragraph 3.3 of Annex 4
shall also fulfil one of the following requirements when the trailer is uncoupled
from the towing vehicle and the trailer park brake control is in the released
position (spring brakes not applied):

(a) When the energy reserves of the service braking system reduce to a pressure
no lower than 280 kPa the pressure in the spring brake compression chamber
shall reduce to 0 kPa to fully apply the spring brakes. This requirement shall be
verified with a constant service braking system energy reserve pressure of 280
kPa;

(b) A reduction in the pressure within the service braking system energy reserve
results in a corresponding reduction in the pressure in the spring compression
chamber.

3. Auxiliary release system

3.1. A spring braking system shall be so designed that, in the event of a failure

in that system, it is still possible to release the brakes. This may be achieved by
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the use of an auxiliary release device (pneumatic, mechanical, etc.).

Auxiliary release devices using an energy reserve for releasing shall draw their
energy from an energy reserve which is independent from the energy reserve
normally used for the spring braking system. The pneumatic or hydraulic fluid
in such an auxiliary release device may act on the same piston surface in the
spring compression chamber which is used for the normal spring braking
system under the condition that the auxiliary release device uses a separate line.
The junction of this line with the normal line connecting the control device with
the spring brake actuators shall be at each spring brake actuator immediately
before the port to the spring compression chamber, if not integrated in the body
of the actuator. This junction shall include a device which prevents an influence
of one line on the other. The requirements of paragraph 5.2.1.6. of this
Regulation also apply to this device.

3.1.1. For the purposes of the requirement of paragraph 3.1. above, components
of the braking system transmission shall not be regarded as subject to failure if
under the terms of paragraph 5.2.1.2.7. of this Regulation they are not regarded
as liable to breakage, provided that they are made of metal or of a material
having similar characteristics and do not undergo significant distortion in
normal braking.

3.2. If the operation of the auxiliary device referred to in paragraph 3.1. above
requires the use of a tool or spanner, the tool or spanner shall be kept on the
vehicle.

3.3. Where an auxiliary release system utilizes stored energy to release the
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spring brakes the following additional requirements shall apply:

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

3.3.2. Where the control for the auxiliary spring brake release system is
separate to the secondary/parking brake control, the requirements defined in
paragraph 2.3. above shall apply to both control systems. However, the
requirements of paragraph 2.3.4. above shall not apply to the auxiliary spring
brake release system. In addition the auxiliary release control shall be located
so that it is protected against application by the driver from the normal driving
position.

3.4. If compressed air is used in the auxiliary release system, the system should

be activated by a separate control, not connected to the spring brake control.

Annex 9

Provisions relating to parking braking systems equipped with a mechanical
brake-cylinder locking device (Lock actuators)

1. Definition

"Mechanical brake-cylinder locking device” means a device which ensures
braking operation of the parking braking system by mechanically locking the
brake piston rod. Mechanical locking is effected by exhausting the compressed
fluid held in the locking chamber; it is so designed that unlocking can be

effected by restoring pressure in the locking chamber.
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2. Special requirements

2.1. When the pressure in the locking chamber approaches the level at which
mechanical locking occurs, an optical or audible warning device shall come
into action. Provided this requirement is met, the warning device may comprise
the red warning signal specified in paragraph 5.2.1.29.1.1. of this Regulation.
This provision shall not apply to trailers.

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

2.2. In cylinders equipped with a mechanical locking device, movement of the
brake piston shall be ensured by energy from either of two independent energy
storage devices.

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

2.4. In the event of a failure of the energy source feeding the locking chamber,
an auxiliary release device (e.g. mechanical, or pneumatic which may use the

air contained in one of the vehicle's tyres) shall be available.
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2.5. The control shall be such that, when actuated, it performs the following
operations in sequence: it applies the brakes so as to provide the degree of
efficiency required for parking braking, locks the brakes in that position and

then cancels out the brake application force.

Annex 10

Distribution of braking among the axles of vehicles and requirements for
compatibility between towing vehicles and trailers

1. General requirements

1.1. Vehicles of categories M>, M3, N, Oz, Oz and O4 which are not equipped
with an anti-lock system as defined in Annex 13 to this Regulation shall meet
all the requirements of this annex. If a special device is used, this shall operate
automatically'.

!'In the case of trailers with electronically controlled brake force distribution,
the requirements of this annex shall only apply when the trailer is electrically
connected to the towing vehicle by the ISO 7638:2003 connector.

However, vehicles - in the above categories, which are equipped with an anti-
lock system as defined in Annex 13, shall also meet the requirements of
paragraphs 7. and 8. of this annex if they are in addition fitted with a special
automatic device which controls the distribution of braking among the axles. In
the event of failure of its control, it shall be possible to stop the vehicle as
stipulated under paragraph 6. of this annex.

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

1.2. The requirements relating to the diagrams specified in paragraphs 3.1.5.,
3.1.6.,4.1.,5.1. and 5.2. of this annex, are valid both for vehicles with a
pneumatic control line according to paragraph 5.1.3.1.1. of this Regulation and
for vehicles with an electric control line according to paragraph 5.1.3.1.3. of
this Regulation. In both cases, the reference value (abscissa of the diagrams)
will be the value of the transmitted pressure in the control line:

(a) For vehicles equipped according to paragraph 5.1.3.1.1. of this Regulation,
this will be the actual pneumatic pressure in the control line (pm);

(b) For vehicles equipped according to paragraph 5.1.3.1.3. of this Regulation,
this will be the pressure corresponding to the transmitted digital demand value
in the electric control line, according to ISO 11992:2003 including ISO 11992-
2:2003 and its Amd.1:2007.

Vehicles equipped according to paragraph 5.1.3.1.2. of this Regulation (with
both pneumatic and electric control lines) shall satisfy the requirements of the
diagrams related to both control lines. However, identical braking characteristic
curves related to both control lines are not required.

1.3 Validation of the development of braking force.

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

(a) Laden vehicles:
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At least one axle shall commence to develop a braking force when the pressure
at the coupling head is within the pressure range 20 to 100 kPa.
At least one axle of every other axle group shall commence to develop a
braking pressure at the coupling head is at a pressure < 120 kPa.
(b) Unladen vehicles:
At least one axle shall commence to develop a braking force when the pressure
at the coupling head is within the pressure range 20 to 100 kPa.
1.3.1.1. With the wheel(s) of the axle(s) raised off the ground and free to rotate,
apply an increasing brake demand and measure the coupling head pressure
corresponding to when the wheel(s) can no longer be rotated by hand. This
condition is defined as the development of the braking force.
1.4. In the case of vehicles of category O with pneumatic braking systems,
when the alternative type approval procedure defined in Annex 20 is utilized,
the relevant calculations required in this annex shall be made using the
performance characteristics obtained from the relevant Annex 19 verification
reports and the centre of gravity height determined by the method defined in
Annex 20, Appendix 1.
2. Symbols
i = axle index (i = 1, front axle; i = 2, second axle; etc.)
P; = normal reaction of road surface on axle i under static conditions
Ni = normal reaction of road surface on axle i under braking

= force exerted by the brakes on axle i under normal braking conditions on

the road
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f; = T/N;, adhesion utilized by axle i?

3 " Adhesion utilization curves" of a vehicle means curves showing, for
specified load conditions, the adhesion utilized by each axle i plotted against
the braking rate of the vehicle.

J = deceleration of vehicle

g = acceleration due to gravity: g = 9.81 m/s?

z = braking rate of vehicle = J/g*

4 For semi-trailers, z is the braking force divided by the static load on the semi-
trailer axle(s).

P = mass of vehicle

h = height above ground of centre of gravity specified by the manufacturer and
agreed by the Technical Services conducting the approval test

E = wheelbase

k = theoretical coefficient of adhesion between tyre and road

K. = correction factor: semi-trailer laden

K, = correction factor: semi-trailer unladen

Twm = sum of braking forces at the periphery of all wheels of towing vehicles for
trailers

Pwm = total normal static reaction of road surface on wheels of towing vehicles
for trailers®

Ppm = pressure at coupling head of control line

Tr = sum of braking forces at periphery of all wheels of trailer

Pr = total normal static reaction of road surface on all wheels of trailer’
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5 As referred to in paragraph 1.4.4.3. of Annex 4 to this Regulation.

Prmax = value of Pr at maximum mass of trailer

Er = distance between king-pin and centre of axle or axles of semi-trailer

hr = height above ground of centre of gravity of semi-trailer specified by the
manufacturer and agreed by the Technical Services conducting the approval test
3. Requirements for power-driven vehicles

3.1. Two-axled vehicles

3.1.1. For all categories of vehicles for k values between 0.2 and 0.8°:

® The provisions of paragraphs 3.1.1. or 5.1.1. do not affect the requirements of
Annex 4 to this Regulation relating to the braking performance. However, if, in
tests made under the provisions of paragraph 3.1.1. or 5.1.1., braking
performances are obtained which are higher than those prescribed in Annex 4,
the provisions relating to the adhesion utilization curves shall be applied within
the areas of diagrams 1A, 1B and 1C of this annex defined by the straight lines
k=0.8 and z=0.8.

z>0.10+ 0.85 (k - 0.20)

3.1.2. For all states of load of the vehicle, the adhesion 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 and 0.80 in the case of vehicles of
category N; with a laden/unladen rear axle loading ratio not exceeding 1.5 or
having a maximum mass of less than 2 tonnes, in the range of z values between
0.3 and 0.45, an inversion of the adhesion utilization curves is permitted

provided that the adhesion utilization curve of the rear axle does not exceed by
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more than 0.05, the line defined by the formula k = z (line of ideal adhesion
utilization in diagram 1A of this annex).

3.1.2.2. for all braking rates between 0.15 and 0.50 in the case of other vehicles
of category Ny, this condition is considered satisfied if, for braking rates
between 0.15 and 0.30, the adhesion utilization curves for each axle are situated
between two lines parallel to the line of ideal adhesion utilization given by the
equation k = z +/-0.08 as shown in diagram 1C of this annex where the
adhesion utilization curve for the rear axle may cross the line k = z - 0.08; and
complies for a braking rate between 0.30 and 0.50, with the relation z >k -
0.08; and between 0.50 and 0.61 with the relation z > 0.5k + 0.21.

3.1.2.3. for all braking rates between 0.15 and 0.30 in the case of vehicles of
other categories;

This condition is also considered satisfied if, for braking rates between 0.15 and
0.30, the adhesion utilization curves for each axle are situated between two
lines parallel to the line of ideal adhesion utilization given by the equation k = z
+/-0.08 as shown in diagram 1B of this annex and the adhesion utilization curve
for the rear axle for braking rates z > 0.3 complies with the relation:
z>0.3+0.74 (k -0.38).

3.1.3. In the case of a power-driven vehicle authorized to tow trailers of
category O3 or Oy fitted with compressed-air braking systems.

3.1.3.1. When tested with the energy source stopped, the supply line blocked
off, a reservoir of 0.5 litre capacity connected to the pneumatic control line, and

the system at cut-in and cut-out pressures, the pressure at full application of the
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braking control shall be between 650 and 850 kPa at the coupling heads of the
supply line and the pneumatic control line, irrespective of the load condition of
the vehicle.

3.1.3.2. For vehicles equipped with an electric control line, a full application of
the control of the service braking system shall provide a digital demand value
corresponding to a pressure between 650 and 850 kPa (see ISO 11992:2003
including ISO 11992-2:2003 and its Amd.1:2007).

3.1.3.3. These values shall be demonstrably present in the power-driven vehicle
when uncoupled from the trailer. The compatibility bands in the diagrams
specified in paragraphs 3.1.5.,3.1.6.,4.1., 5.1. and 5.2. of this annex, should
not be extended beyond 750 kPa and/or the corresponding digital demand value
(see ISO 11992:2003 including ISO 11992-2:2003 and its Amd.1:2007).
3.1.3.4. It shall be ensured that at the coupling head of the supply line, a
pressure of at least 700 kPa is available when the system is at cut-in pressure.
This pressure shall be demonstrated without applying the service brakes.

3.1.4.

Verification of the requirements of paragraphs 3.1.1. and 3.1.2.

3.1.4.1. In order to verify the requirements of paragraphs 3.1.1. and 3.1.2. of
this annex, the manufacturer shall provide the adhesion utilization curves for

the front and rear axles calculated by the formulae:
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f1=§= h
1 P1+Z.E.P.g
T2 _ T>
tz—g——h
2 Pz-z.E.P.g

The curves shall be plotted for both the following load conditions:

3.1.4.1.1. Unladen, in running order with the driver on board; in the case of a
vehicle presented as a chassis-cab, a supplementary load may be added to
simulate the mass of the body, not exceeding the minimum mass declared by
the manufacturer in Annex 2 to this Regulation;

3.1.4.1.2. Laden; where provision is made for several possibilities of load
distribution, the one whereby the front axle is the most heavily laden shall be
the one considered.

3.1.4.2. If it is not possible, for vehicles with (permanent) all-wheel drive, to
carry out the mathematical verification pursuant to paragraph 3.1.4.1., the
manufacturer may instead verify by means of a wheel lock sequence test that,
for all braking rates between 0.15 and 0.8, lockup of the front wheels occurs
either simultaneously with or before the lockup of the rear wheels.

3.1.43.

Procedure to verify the requirements of paragraph 3.1.4.2.

3.1.4.3.1. The wheel lock sequence test shall be conducted on road surfaces

with a coefficient of adhesion of not more than 0.3 and of about 0.8 (dry road)
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from the initial test speeds specified in paragraph 3.1.4.3.2.

3.1.4.3.2. Test speeds:

60 km/h, but not exceeding 0.8 vmax for decelerations on low coefficient of
friction road surfaces;

80 km/h, but not exceeding vmax for decelerations on high coefficient of friction
road surfaces.

3.1.4.3.3. The pedal force applied may exceed the permissible actuation forces
pursuant to Annex 4, paragraph 2.1.1.

3.1.4.3.4. Pedal force is applied and increased such that the second wheel on the
vehicle will reach lockup between 0.5 and 1 s after initiating the brake
application, until lockup of both wheels on one axle occurs (additional wheels
may also lock during the test, e.g. in the case of simultaneous lockup).

3.1.44.

The tests prescribed in paragraph 3.1.4.2. shall be carried out twice on each
road surface. If the result of one test fails, a third, hence decisive test shall be
carried out.

3.1.4.5. For vehicles fitted with an electric regenerative braking system of
category B, where the electric regenerative braking capacity is influenced by
the electric state of charge, the curves shall be plotted by taking account of the
electric regenerative braking component under the minimum and maximum
conditions of delivered braking force. This requirement is not applicable if the
vehicle is equipped with an anti-lock device which controls the wheels

connected to the electric regenerative braking and shall be replaced by the
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requirements of Annex 13.

3.1.5. Towing vehicles other than tractors for semi-trailers

3.1.5.1. In the case of a power-driven vehicle authorized to tow trailers of
category O3 or Oy fitted with a compressed air braking system, the permissible
relationship between the braking rate Tm/Pwm and the pressure py, shall lie within
the areas shown on diagram 2 of this annex for all pressures between 20 and
750 kPa.

3.1.6. Tractors for semi-trailers

3.1.6.1. Tractors with unladen semi-trailer. An unladen combination is
understood to be a tractor in running order, with the driver on board, coupled to
an unladen semi-trailer. The dynamic load of the semi-trailer on the tractor shall
be represented by a static mass Ps mounted at the fifth wheel coupling equal to
15 per cent of the maximum mass on the coupling. The braking forces shall
continue to be regulated between the state of the "tractor with unladen semi-
trailer" and that of the "tractor alone"; the braking forces relating to the "tractor
alone" shall be verified.

3.1.6.2. Tractors with laden semi-trailer. A laden combination is understood to
be a tractor in running order, with the driver on board, coupled to a laden semi-
trailer. The dynamic load of the semi-trailer on the tractor shall be represented
by a static mass Ps mounted at the fifth wheel coupling equal to:

Ps =Py (1 +0.45z)

Where:

Pso: represents the difference between the maximum laden mass of the tractor

3.1.5. B P L—F MESIA#HZER < 5| HH

3.1.5.1. 2250 = Eh 2 i A 2 L 72 B X 00 03 XX 0s DA B | B D #E 5 |
WD BTV D HEYHIC %ofm\ﬁﬁﬁanazﬁm&®ﬂm%%

%, 20kPair 5750 kPat TO B B HEINTIW T, AHIDOK2ZR L
HIFN THIVUTHAFRETH D LT 2,

3.1.6. B FL—7 HE5|AEhE

3.1.6.1. FEREERAEDE I b L— T Al Lo R BB EICOWT, R
HORRE OS] &k, EERE A RE LTV HEITARE/RES BB
T, FRHEMRREOE I FL— I RSN TN D bOE VS, EFIHE
HZ DI b L—T OB RIS A T, E#AEHIZ ) D e KSR E
BDI5% IS T D EPZ 5558 O BALERIC IR D, Hil#) /)
X, TEREECREE OB X b L — T ks LS HEE ) oRiEN D [#
Sl ABIEHA] OIREE COMTERMICENT 200 L L, [£5HH)
HHUR) OIRREICEET D018 ) 2GS 5 Z &,

3.1.6.2. FfREED T I b L — T A LS| BB EIC OV T, FEHENE
RE DS Ll & X, EERHEARE L TV HETIREAREI HEE T, M
ERINI FL—INEREENTHWAEHDEW D, EJ|HENEIZ) )
52 PL—7OEMMEICN LT, HSmoEFEmIc, koXTRIN
L ERIRTEPsE T D b D LT 5,

P, =Py, (1 + 0.452)

ZZT,



and its unladen mass.

For h the following value shall be taken:
h: h0-Po+ hs-Pr3
P

Where:

h, is the height of the centre of gravity of the tractor,

hs is the height of the coupling on which the semi-trailer rests,
P, is the unladen mass of the tractor alone.

and:

Pi+P»>
P:%+Q:————

3.1.6.3. In the case of a vehicle fitted with a compressed air braking system, the
permissible relationship between the braking rate Tm/Pm and the pressure pm
shall be within the areas shown on diagram 3 of this annex for all pressures
between 20 and 750 kPa.

3.2. Vehicles with more than two axles

The requirements of paragraph 3.1. of this annex shall apply to vehicles with
more than two axles. The requirements of paragraph 3.1.2. of this annex with
respect to wheel lock sequence shall be considered to be met if, in the case of
braking rates between 0.15 and 0.30, the adhesion utilized by at least one of the
front axles is greater than that utilized by at least one of the rear axles.

4. Requirements for semi-trailers

4.1. For semi-trailers fitted with compressed-air braking systems:
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4.1.1. The permissible relationship between the braking rate Tr/Pr and the
pressure pm shall lie within two areas derived from diagrams 4A and 4B for all
pressures between 20 and 750 kPa, in both the laden and unladen states of load.
This requirement shall be met for all permissible load conditions of the semi-
trailer axles.

4.1.2. The provision of paragraph 4.1.1. does not have to be fulfilled, if a semi-
trailer with a K. factor less than 0.95 meets at least the braking performance
specified in paragraph 3.1.2.1. of Annex 4 to this Regulation.

5. Requirements for full and centre-axle trailers

5.1. For full trailers fitted with compressed-air braking systems:

5.1.1. For full trailers with two axles the following requirements apply:

5.1.1.1. For k values between 0.2 and 0.8°:

® The provisions of paragraphs 3.1.1. or 5.1.1. do not affect the requirements of
Annex 4 to this Regulation relating to the braking performance. However, if, in
tests made under the provisions of paragraph 3.1.1. or 5.1.1., braking
performances are obtained which are higher than those prescribed in Annex 4,
the provisions relating to the adhesion utilization curves shall be applied within
the areas of diagrams 1A, 1B and 1C of this annex defined by the straight lines
k=0.8and z=0.8.

z>0.1+0.85(k-0.2)

5.1.1.2. For all states of load of the vehicle, the adhesion utilization curve of the
rear axle shall not be situated above that for the front axle for all braking rates

between 0.15 and 0.30. This condition is also considered satisfied if, for
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braking rates between 0.15 and 0.30, the adhesion utilization curves for each
axle are situated between two lines parallel to the line of ideal adhesion
utilization given by the equations k =z + 0.08 and k =z - 0.08 as shown in
diagram 1B of this annex and the adhesion utilization curve for the rear axle for
braking rates z > 0.3 complies with the relation

z>0.3+0.74 (k- 0.38).

5.1.1.3.

For the verification of the requirements of paragraphs 5.1.1.1. and 5.1.1.2. the
procedure should be as that in the provisions of paragraph 3.1.4.

5.1.2. For full trailers with more than two axles the requirements of paragraph
5.1.1. of this annex shall apply. The requirements of paragraph 5.1.1. of this
annex with respect to wheel lock sequence shall be considered to be met if, in
the case of braking rates between 0.15 and 0.30, the adhesion utilized by at
least one of the front axles is greater than that utilized by at least one of the rear
axles.

5.1.3. The permissible relationship between the braking rate Tr/Pr and the
pressure pm shall lie within the designated areas in diagram 2 of this annex for
all pressures between 20 and 750 kPa, in both the laden and unladen states of
load.

5.2. For centre-axle trailers fitted with compressed-air braking systems:

5.2.1. The permissible relationship between the braking rate Tr/Pr and the
pressure pm shall lie within two areas derived from diagram 2 of this annex, by

multiplying the vertical scale by 0.95. This requirement shall be met at all
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pressures between 20 and 750 kPa, in both the laden and unladen states of load.

5.2.2. If the requirements of paragraph 3.1.2.1. of Annex 4 to this Regulation
cannot be satisfied due to lack of adhesion, then the centre-axle trailer shall be
fitted with an anti-lock system complying with Annex 13 to this Regulation.

6. Requirements to be met in case of failure of the braking distribution
system

When the requirements of this annex are fulfilled by means of a special device
(e.g. controlled mechanically by the suspension of the vehicle), it shall be
possible, in the event of the failure of its control, to stop the vehicle under the
conditions specified for secondary braking in the case of power-driven vehicles;
for those power-driven vehicles authorized to tow a trailer fitted with
compressed-air braking systems, it shall be possible to achieve a pressure at the
coupling head of the control line within the range specified in paragraph 3.1.3.
of this annex. In the event of failure of the control of the device on trailers, a
service braking performance of at least 30 per cent of that prescribed for the
vehicle in question shall be attained.

7. Markings

7.1. Vehicles which meet the requirements of this annex by means of a device
mechanically controlled by the suspension of the vehicle, shall be marked to
show the useful travel of the device between the positions corresponding to
vehicle unladen and laden states, respectively, and any further information to

enable the setting of the device to be checked.
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7.1.1. When a brake load sensing device is controlled via the suspension of the
vehicle by any other means, the vehicle shall be marked with information to
enable the setting of the device to be checked.

7.2. When the requirements of this annex are met by means of a device which
modulates the air pressure in the brake transmission, the vehicle shall be
marked to show the axle loads at the ground, the nominal outlet pressures of the
device and an inlet pressure of not less than 80 per cent of the maximum design
inlet pressure, as declared by the vehicle manufacturer, for the following states
of load:

7.2.1. Technically permissible maximum axle load for the axle(s) which
control(s) the device;

7.2.2. Axle load(s) corresponding to the unladen mass of the vehicle in running
order as stated in paragraph 13. of Annex 2 to this Regulation;

7.2.3. The axle load(s) approximating to the vehicle with proposed bodywork in
running order where the axle load(s) mentioned in paragraph 7.2.2. of this
annex relate(s) to the vehicle chassis with cab;

7.2.4. The axle load(s) designated by the manufacturer to enable the setting of
the device to be checked in service if this is (these are) different from the loads
specified in paragraphs 7.2.1. to 7.2.3. of this annex.

7.3. Paragraph 14.8. of Annex 2 to this Regulation shall include information to
enable compliance with the requirements of paragraphs 7.1. and 7.2. of this
annex to be checked.

7.4. The markings referred to in paragraphs 7.1. and 7.2. of this annex shall be
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affixed in a visible position in indelible form. An example of the markings for a
mechanically controlled device in a vehicle fitted with compressed-air braking
system is shown in diagram 5 of this annex.

7.5. Electronically controlled brake force distribution systems that cannot fulfil
the requirements of paragraphs 7.1., 7.2., 7.3. and 7.4. above shall have a self
checking procedure of the functions which influence brake force distribution. In
addition, when the vehicle is stationary, it shall be possible to carry out the
checks defined in paragraph 1.3.1. above, by generating the nominal demand
pressure associated with the commencement of braking for both the laden and
unladen conditions.

8. Vehicle testing

At the time of type approval, the Technical Service shall verify conformity with
the requirements contained within this annex and carry out any further tests
considered necessary to this end. The report of any further tests shall be

appended to the type approval report.
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Diagram 1A: Certain vehicles of category N; 1A : EFEXSNDOKREDHEF
(see paragraph 3.1.2.1. of this annex) (ABHRND3.1.2.1THSR)
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Diagram 1B: Vehicles other than those of category N1 and full trailers
(see paragraphs 3.1.2.3. and 5.1.1.2. of this annex)
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Note: The lower limit k = z - 0.08 is not applicable for the adhesion utilization

of the rear axle.
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Diagram 1C: Vehicles of category Ni
(with certain exceptions after 1 October 1990)

(see paragraph 3.1.2.2. of this annex)
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Diagram 2: Towing vehicles and trailers B2 : 5| EfE kK OHKES | E
(except tractors for semi-trailers and semi-trailers) (B FL—FHEFIAFBHELOEI FL—F%R<)
(see paragraph 3.1.5.1. of this annex) (AR D3.1.5. 1T )
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intermediate states of loading between the laden and the unladen states and ZBRITEEICELT 2D & L, 2o, BEIFEIC LY #ET 5

shall be achieved by automatic means. Z &,
Diagram 3: Tractors for semi-trailers B3: &I br—FHAESEHE
(see paragraph 3.1.6.3. of this annex) (BRI 3.1.6 3THZHR)
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intermediate states of loading between the laden and the unladen states and
shall be achieved by automatic means.
Diagram 4A: Semi-trailers

(see paragraph 4. of this annex)
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Note: The relation between the braking rate Tr/Pr 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 4B.
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To determine the areas corresponding to the laden and unladen conditions, the
values of the ordinates of the upper and lower limits of the hatched area in
diagram 4 A are multiplied by the factors K. and K respectively.

Diagram 4B

(see paragraph 4. and diagram 4A of this annex)

18 02 06 1.0 g.P

1.0 12 14 16

Explanatory note on the use of diagram 4B
1. Formula from which diagram 4B is derived:

2. Description of method of use with practical example.
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oo o ots] | o e o o)
Prumax Er Pr Primax 25 P Er P 2.5

Rmax R Pruax

2.1. The broken lines shown on diagram 4B refer to the determination of the 2.1. B4BIZEHE ST, RO HE IS BT AR5 KM OKvORFE 7
factors Kc and Kv for the following vehicle, where: ErRLTWD,

Laden Unladen e AN FEREHIRRR
p 24 tonnes (240 kN) 4.2 tonnes (42 kN) p 24t (240 kN) 42t (42 kN)
Pr 150 kN 30 kN Pr 150 kN 30 kN
PRrumnax 150 kN 150 kN PRrumax 150 kN 150 kN
hr 1.8 m 1.4m hr 1.8 m 1.4m
Er 6.0 m 6.0 m Er 6.0 m 6.0 m

In the following paragraphs the figures in parentheses relate only to the vehicle | IRDOFIEIZB W T, () NOEFITHES ., R4BOFEW M- 2T 2

being used for the purpose of illustrating the method of using diagram 4B. TeDIZHWEEIIZOHREZE T LD TH D,
2.2. Calculation of ratios 22, LLEOFHE
(o P | (g =P]
£~ | laden (=1.6) S| mikee (= 1.6)
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Pr

(C) PRmax

unladen (= 0.2)

2.3. Determination of the correction factor when laden, Kc:

(a) Start at the appropriate value of hg (hg = 1.8 m);

(b) Move horizontally to the appropriate g.P/Pr line (g.P/Pr = 1.6);

(c) Move vertically to the appropriate Er line (Er = 6.0 m);

(d) Move horizontally to the K¢ scale; Kc is the laden correction factor required
(Kc =1.04).

2.4. Determination of the correction factor when unladen, Ky:

2.4.1. Determination of the factor Ko:

(a) Start at appropriate hr (hg = 1.4 m);

(b) Move horizontally to the appropriate Pr/Prmax line in the group of curves
nearest to vertical axis (Pr/Prmax = 0.2);

(c) Move vertically to the horizontal axis and read off the value of K, (K, =
0.13 m).

2.4.2. Determination of the factor K;:

(a) Start at the appropriate value of hr (hg = 1.4 m);

(b) Move horizontally to the appropriate g.P/Pr line (g.P/Pr = 1.4);

(c) Move vertically to the appropriate Er line (Er = 6.0 m);

(d) Move horizontally to the appropriate Pr/Prmax line in the group of curves
furthest from the vertical axis (Pr/Prmax = 0.2);

(e) Move vertically to the horizontal axis and read off the value of K; (K; =

Pr
(c) PRmax
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1.79).
2.4.3. Determination of the factor Ky: 2.4.3. FREKyORTE HIE
The unladen correction factor Ky is obtained from the following expression: FEREHCR B DO EREK L, ROXNERD D,
Kv=K;-K; (Kv = 166) Kv=Ki—K; (Kv = 166)
Diagram 5: Brake load sending device X5 : HIBEEREOT ERMEE
(see paragraph 7.4. of this annex) (KM D745 )
Axle No. 2 Nominal
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£ Unladen 1500 600 240 £ N/ HRGIREE 1,500 600 240
AN \\’/ N L *
= \L 4 F=100 mm




