Annex 13

Test requirements for vehicles fitted with anti-lock systems

1. General

1.1.This annex defines the required braking performance for road vehicles fitted with
anti-lock systems. In addition, power-driven vehicles which are authorized to tow a trailer,
and trailers equipped with compressed-air braking systems, shall, when the vehicles are
laden, meet the requirements for compatibility set out in Annex 10 to this Regulation.
However, for all load conditions, a braking rate shall be developed between a pressure of
20 kPa and 100 kPa or the equivalent digital demand value at the coupling head of the
control line(s).

1.2. The anti-lock systems known at present comprise a sensor or sensors, a controller or
controllers and a modulator or modulators. Any device of a different design which may be
introduced in the future, or where an anti-lock braking function is integrated into another
system, shall be deemed to be an anti-lock braking system within the meaning of this annex
and Annex 10 to this Regulation, if it provides performance equal to that prescribed by this
annex.

2. Definitions

2.1. An "anti-lock system" is a part of a service braking system which automatically
controls the degree of slip, in the direction of rotation of the wheel(s), on one or more
wheels of the vehicle during braking.

2.2. "Sensor" means a component designed to identify and transmit to the controller the
conditions of rotation of the wheel(s) or the dynamic conditions of the vehicle.

2.3. "Controller" means a component designed to evaluate the data transmitted by the
sensor(s) and to transmit a signal to the modulator.

2.4. "Modulator" means a component designed to vary the braking force(s) in accordance
with the signal received from the controller.

2.5. "Directly controlled wheel" means a wheel whose braking force is modulated
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according to data provided at least by its own sensor’.

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

2.6. "Indirectly controlled wheel" means a wheel whose braking force is modulated
according to data provided by the sensor(s) of other wheel(s)'.

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

2.7. "Full cycling" means that the anti-lock system is repeatedly modulating the brake force
to prevent the directly controlled wheels from locking. Brake applications where
modulation only occurs once during the stop shall not be considered to meet this definition.
In the case of trailers with pneumatic braking systems, full cycling of the anti-lock braking
system is only assured when the pressure available at any brake actuator of a directly
controlled wheel is more than 100 kPa above the maximum cycling pressure throughout a

given test. The supply pressure available may not be increased above 800 kPa.

3. Types of anti-lock systems

3.1. A power-driven vehicle is deemed to be equipped with an anti-lock system within the
meaning of paragraph 1. of Annex 10 to this Regulation, if one of the following systems is
fitted:

3.1.1. Category 1 anti-lock system

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

3.1.2. Category 2 anti-lock system

A vehicle equipped with a category 2 anti-lock system shall meet all the relevant

requirements of this annex, except those of paragraph 5.3.5.
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3.1.3. Category 3 anti-lock system

A vehicle equipped with a category 3 anti-lock system shall meet all the relevant
requirements of this annex, except those of paragraphs 5.3.4. and 5.3.5. On such vehicles,
any individual axle (or axle group) which does not include at least one directly controlled
wheel shall fulfil the conditions of adhesion utilization and the wheel-locking sequence of
Annex 10 to this Regulation, with regard to the braking rate and the load respectively.
These requirements may be checked on high- and low-adhesion road surfaces (about 0.8
and 0.3 maximum) by modulating the service braking control force.

3.2. A trailer is deemed to be equipped with an anti-lock system within the meaning of
paragraph 1 of Annex 10 to this Regulation when at least two wheels on opposite sides of
the vehicle are directly controlled and all remaining wheels are either directly or indirectly
controlled by the anti-lock system. In the case of full trailers, at least two wheels on one
front axle and two wheels on one rear axle are directly controlled with each of these axles
having at least one independent modulator and all remaining wheels are either directly or
indirectly controlled. In addition, the anti-lock equipped trailer shall meet one of the
following conditions:

3.2.1. Category A anti-lock system

A trailer equipped with a category A anti-lock system shall meet all the relevant
requirements of this annex.

3.2.2. Category B anti-lock system

A trailer equipped with a category B anti-lock system shall meet all the relevant
requirements of this annex, except paragraph 6.3.2.

4. General requirements

4.1. Failures within the electric control transmission of the anti-lock braking system? that
affects the system with respect to the functional and performance requirements in this
annex, shall be signaled to the driver by a specific optical warning signal. The yellow

warning signal specified in paragraph 5.2.1.29.1.2. shall be used for this purpose.
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2 Until uniform test procedures have been agreed, the manufacturer shall provide the
Technical Service with an analysis of potential failures within the control transmission and
their effects. This information shall be subject to discussion and agreement between the
Technical Service and the vehicle manufacturer.

4.1.1. Sensor anomalies, which cannot be detected under static conditions, shall be detected
not later than when the vehicle speed exceeds 10 km/h3. However, to prevent erroneous
fault indication when a sensor is not generating a speed output, due to non-rotation of a
wheel, verification may be delayed but detected not later than when the vehicle speed
exceeds 15 km/h.

3 The warning signal may light up again while the vehicle is stationary, provided that it is
extinguished before the vehicle speed reaches 10 km/h or 15 km/h, as appropriate, when no
defect is present.

4.1.2. When the anti-lock braking system is energized with the vehicle stationary,
electrically controlled pneumatic modulator valve(s) shall cycle at least once.
4.2. Power-driven vehicles equipped with an anti-lock system and authorized to tow a
trailer equipped with such a system shall be fitted with a separate optical warning signal for
the anti-lock system of the trailer, meeting the requirements of paragraph 4.1. of this annex.
The separate yellow warning signals specified in paragraph 5.2.1.29.2. shall be used for this
purpose, activated via pin 5 of the electrical connector conforming to ISO 7638:2003%.
4The ISO 7638:2003 connector may be used for 5 pin or 7 pin applications, as
appropriate.
4.3. In the event of a failure as defined in paragraph 4.1. above, the following requirements
shall apply:
Motor vehicles: The residual braking performance shall be that prescribed for the vehicle in
question in the event of a failure of part of the transmission of the service braking system as
defined in paragraph 5.2.1.4. of this Regulation. This requirement shall not be construed as

a departure from the requirements concerning secondary braking.
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Trailers: The residual braking performance shall be that defined in paragraph 5.2.2.15.2. of
this Regulation.

4.4. The operation of the anti-lock system shall not be adversely affected by
magnetic or electrical fields. This shall be demonstrated by compliance with

Regulation No. 10 as required by paragraph 5.1.1.4. of the Regulation.

4.5. A manual device may not be provided to disconnect or change the control mode® of the
anti-lock system, except on off-road power-driven vehicles of categories N, and N3; where
a device is fitted to N> or N3 category vehicles, the following conditions shall be met:

5 It is understood that devices changing the control mode of the anti-lock system are not
subject to paragraph 4.5. of this annex if in the changed control mode condition, all
requirements for the category of anti-lock systems, with which the vehicle is equipped, are
fulfilled. However, in this case, paragraphs 4.5.2., 4.5.3. and 4.5.4. of this annex shall be
met.

4.5.1. The power-driven vehicle with the anti-lock system disconnected or the control mode
changed by the device referred to in paragraph 4.5. above shall satisfy all the relevant
requirements in Annex 10 to this Regulation;

An optical warning signal shall inform the driver that the anti-lock system has been
disconnected or the control mode changed; the yellow anti-lock failure warning signal
specified in paragraph 5.2.1.29.1.2. may be used for this purpose.

The warning signal may be constant or flashing;

4.5.3. The anti-lock system shall automatically be reconnected/returned to on-road mode
when the ignition (start) device is again set to the "ON" (run) position;

4.5.4. The vehicle user's handbook provided by the manufacturer should warn the driver of
the consequences of manual disconnection or mode change of the anti-lock system;

4.5.5. The device referred to in paragraph 4.5. above may, in conjunction with the towing

vehicle, disconnect/change the control mode of the anti-lock system of the trailer. A

44. TrF v 7 AT AOEBIIRA ETTERN O ER BT b0 L
T, I, AHRAIOL114HTER SN LB, BHINo. 10I2#EA T2 2 &
WL TEHT D b D ET 5,

4.5 HE XN KON DA 7 v — FNEBEICHBE T 256 2R &, ABSEIEEIREE
&Tékb®\xmﬁﬁﬁﬁ(%—P)%%i&%@@iﬁ%ﬁ%%ﬁbfﬁﬁ

D7V, B XN, XIEN3 0 B | 4L
TWbHZ L,

S A G A B LR RBIZ IRV T, B HEH L 72ABSOFEIC BT 52T o
BT SN D856, ABSORIEH LR (F—K) 2 2 B3 4.5 58
DRI LIRS D, 72720, 2086, KKAID4.52.5H, 453 31K 454512
HE LT B0,

451 ABSEfEFR L CTWD, XL ERtd S IR L2 @ Ic L flg a2 Hm L
TWDEE, AEETABAL FAI00 Y5 B2 2Tl &,
ABSHMEER S 7o, UTHE S AN ER Sz 2 & & S AR E 51 L 0 s
FICERTHZ L, ZOHE, 52.1.29.1 2. THITHE L2 ABSO i % 7R~ 8 b, D
WEFZHEALTH LV,

AW T D56 ROFKMET L

BEFZ BT, HATSHTHABRESETH L,
453. A V= ar (WREh) EN 4] (GEF7) MEIC/R-o72& &, ABSITH
BHIC R A e — RE— RIcERT5 2 &,

454, A== 2 HEEERFER A K7 v 7 T, ABSO FEIfEER 1Ll
EHROEER G- 5T HERICOWTEEE IO L TEETH 2L,

4.5.5. bFRCASTEIZRCHL L7268 13, | ikt L2 5a . S| 3O ABS DR
BREIIHE S ROLEEEZIToCH IV b D &5, L U 3EE 2 45 8 HIC



separate device for the trailer alone is not permitted.
4.6. Vehicles equipped with an integrated endurance braking system shall also be equipped
with an anti-lock braking system acting at least on the service brakes of the endurance
braking system's controlled axle and on the endurance braking system itself, and shall fulfil
the relevant requirements of this annex.
5. Special provisions concerning power-driven vehicles
5.1. Energy consumption
Power-driven vehicles equipped with anti-lock systems shall maintain their performance
when the service braking control device is fully applied for long periods. Compliance with
this requirement shall be verified by means of the following tests:
5.1.1. Test procedure
The initial energy level in the energy storage device(s) shall be that specified by the
manufacturer. This level shall be at least such as to ensure the efficiency prescribed for
service braking when the vehicle is laden.
The energy storage device(s) for pneumatic auxiliary equipment shall be isolated.
5.1.1.2.
From an initial speed of not less than 50 km/h, on a surface with a coefficient of adhesion
of 0.3 or less®, the brakes of the laden vehicle shall be fully applied for a time t, during
which time the energy consumed by the indirectly controlled wheels shall be taken into
consideration and all directly controlled wheels shall remain under control of the anti-lock
system.

® Until such test surfaces become generally available, tyres at the limit of wear, and higher
values up to 0.4 may be used at the discretion of the Technical Service. The actual value
obtained and the type of tyres and surface shall be recorded.
5.1.1.3. The vehicle's engine shall then be stopped or the supply to the energy transmission
storage device(s) cut off.

5.1.1.4. The service braking control device shall then be fully actuated four times in
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succession with the vehicle stationary.

5.1.1.5. When the control device is applied for the fifth time, it shall be possible to brake
the vehicle with at least the performance prescribed for secondary braking of the laden
vehicle.

5.1.1.6. During the tests, in the case of a power-driven vehicle authorized to draw a trailer
equipped with a compressed-air braking system, the supply line shall be stopped and an
energy storage device of 0.5 litre capacity shall be connected to the pneumatic control line -
if fitted - (in accordance with paragraph 1.2.2.3. of Part A of Annex 7 to this Regulation).
When the brakes are applied for the fifth time, as provided in paragraph 5.1.1.5. above, the
energy level supplied to the pneumatic control line shall not be below half the level
obtained at a full application starting with the initial energy level.

5.1.2. Additional requirements

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

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

5.1.2.3. The braking time t shall be determined by the formula:

s SiEE (but not less than 15 seconds)
where t is expressed in seconds and vmax represents the maximum design speed of the
vehicle expressed in km/h, with an upper limit of 160 km/h.

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

5.1.2.5. If the test is conducted in several phases, no fresh energy shall be supplied between
the phases of the test.
From the second phase, the energy consumption corresponding to the initial brake

application may be taken into account, by subtracting one full brake application from the
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four full applications prescribed in paragraph 5.1.1.4. (and paragraphs 5.1.1.5., 5.1.1.6. and
5.1.2.6.) of this annex for each of the second, third and fourth phases used in the test
prescribed in paragraph 5.1.1. of this annex as applicable.

5.1.2.6. The performance prescribed in paragraph 5.1.1.5. of this annex shall be deemed to
be satisfied if, at the end of the fourth application, with the vehicle stationary, the energy
level in the storage device(s) is at or above that required for secondary braking with the
laden vehicle.

5.2. Utilization of adhesion

5.2.1. The utilization of adhesion by the anti-lock system takes into account the actual
increase in braking distance beyond the theoretical minimum. The anti-lock system shall be
deemed to be satisfactory when the condition epsilon > 0.75 is satisfied, where epsilon
represents the adhesion utilized, as defined in paragraph 1.2. of Appendix 2 to this annex.
5.2.2. The adhesion utilization epsilon shall be measured on road surfaces with a coefficient
of adhesion of 0.3 or less®, and of about 0.8 (dry road), with an initial speed of 50 km/h. To
eliminate the effects of differential brake temperatures it is recommended that zar. be
determined prior to the determination of k.

® Until such test surfaces become generally available, tyres at the limit of wear, and higher
values up to 0.4 may be used at the discretion of the Technical Service. The actual value
obtained and the type of tyres and surface shall be recorded.

5.2.3. The test procedure to determine the coefficient of adhesion (k) and the formulae for
calculation of the adhesion utilization (epsilon) shall be those laid down in Appendix 2 to
this annex.

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

5.2.5. The condition epsilon > 0.75 shall be checked with the vehicle both laden and
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unladen’.

7 Until a uniform test procedure is established, the tests required by this paragraph may
have to be repeated for vehicles equipped with electrical regenerative braking systems, in
order to determine the effect of different braking distribution values provided by automatic
functions on the vehicle.

The laden test on the high adhesion surface may be omitted if the prescribed force on the
control device does not achieve full cycling of the anti-lock system.

For the unladen test, the control force may be increased up to 100 daN if no cycling is
achieved with its full force value8. If 100 daN is insufficient to make the system cycle, then
this test may be omitted. For air braking systems the air pressure may not be increased
above the cut-out pressure for the purpose of this test.

8 "Full force" means the maximum force laid down in Annex 4 to this Regulation for the

category of vehicle; a higher force may be used if required to activate the anti-lock system.

5.3. Additional checks
The following additional checks shall be carried out, engine disconnected, with the vehicle
laden and unladen:
5.3.1. The wheels directly controlled by an anti-lock system shall not lock when the full
force® is suddenly applied on the control device, on the road surfaces specified in paragraph
5.2.2. of this annex, at an initial speed of 40 km/h and at a high initial speed as indicated on
the table below® 10
8 "Full force" means the maximum force laid down in Annex 4 to this Regulation for the
category of vehicle; a higher force may be used if required to activate the anti-lock system.
° The provisions of this paragraph apply as of 13 March 1992 (Decision of the Working
Party on the Construction of Vehicles, TRANS/SC.1/WP.29/341, para. 23)
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19 The purpose of these tests is to check that the wheels do not lock and that the vehicle
remains stable; it is not necessary, therefore, to make complete stops and bring the vehicle

to a halt on the low-adhesion surface.

Vehicle category Maximum test speed

All categories except N», N3 laden 0.8 Vimax< 120 km/h

High-adhesion

surface

N>, N3 laden 0.8 Vinax< 80 km/h

Ni 0.8 Vmax< 120 km/h

Low-adhesion Mz, M3, N» except tractors for

0.8 Vmax< 80 km/h

surface semi-trailers

N3 and N tractors for semi-trailers 0.8 Vmax< 70 km/h

5.3.2. When an axle passes from a high-adhesion surface (ki) to a low-adhesion surface
(ki) where ku> 0.5 and kn/ki> 2! with the full force® applied on the control device, the
directly controlled wheels shall not lock. The running speed and the instant of applying the
brakes shall be so calculated that, with the anti-lock system fully cycling on the
high-adhesion surface, the passage from one surface to the other is made at high and at low
speed, under the conditions laid down in paragraph 5.3.1. of this Annex !’

! ky is the high-adhesion surface coefficient.

ke is the low-adhesion surface coefficient.

ku and ki are measured as laid down in Appendix 2 to this annex.

8 "Full force" means the maximum force laid down in Annex 4 to this Regulation for the
category of vehicle; a higher force may be used if required to activate the anti-lock system.
19 The purpose of these tests is to check that the wheels do not lock and that the vehicle
remains stable; it is not necessary, therefore, to make complete stops and bring the vehicle

to a halt on the low-adhesion surface.

5.3.3. When a vehicle passes from a low-adhesion surface (ki) to a high-adhesion surface
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N1 0.8 Vimax = 120 km/h
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(kn) where kp> 0.5 and ku/ki> 2!'!, with the full force® applied on the control device, the
deceleration of the vehicle shall rise to the appropriate high value within a reasonable time
and the vehicle shall not deviate from its initial course. The running speed and the instant of
applying the brakes shall be so calculated that, with the anti-lock system fully cycling on
the low-adhesion surface, the passage from one surface to the other occurs at approximately
50 km/h.

1 ky is the high-adhesion surface coefficient.

k. is the low-adhesion surface coefficient.

ku and ki are measured as laid down in Appendix 2 to this annex.

8 "Full force" means the maximum force laid down in Annex 4 to this Regulation for the
category of vehicle; a higher force may be used if required to activate the anti-lock system.
5.3.4. In the case of vehicles equipped with anti-lock systems of categories 1 or 2, when the
right and left wheels of the vehicle are situated on surfaces with differing coefficients of
adhesion (kg and ki), where ky> 0.5 and ku/k;> 2'!, the directly controlled wheels shall not
lock when the full force?® is suddenly applied on the control device at a speed of 50 km/h.

1 ky is the high-adhesion surface coefficient.

k. is the low-adhesion surface coefficient.
ku and ki are measured as laid down in Appendix 2 to this annex.
8 "Full force" means the maximum force laid down in Annex 4 to this Regulation for the

category of vehicle; a higher force may be used if required to activate the anti-lock system.

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

5.3.6. However, in the tests provided in paragraphs 5.3.1., 5.3.2.,5.3.3,, 5.3.4. and 5.3.5. of
this annex, brief periods of wheel-locking shall be allowed. Furthermore, wheel-locking is

permitted when the vehicle speed is less than 15 km/h; likewise, locking of indirectly
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controlled wheels is permitted at any speed, but stability and steerability shall not be
affected.

5.3.7. During the tests provided in paragraphs 5.3.4. and 5.3.5. of this annex, steering
correction is permitted, if the angular rotation of the steering control is within 120 degrees
during the initial two seconds, and not more than 240 degrees in all. Furthermore, at the
beginning of these tests the longitudinal median plane of the vehicle shall pass over the
boundary between the high- and low-adhesion surfaces and during these tests no part of the
(outer) tyres shall cross this boundary’.

7 Until a uniform test procedure is established, the tests required by this paragraph may
have to be repeated for vehicles equipped with electrical regenerative braking systems, in
order to determine the effect of different braking distribution values provided by automatic
functions on the vehicle.

6. Special provisions concerning trailers

6.1. Energy consumption

Trailers equipped with anti-lock systems shall be so designed that, even after the service
braking control device has been fully applied for some time, the vehicle retains sufficient
energy to bring it to a halt within a reasonable distance.

6.1.1. Compliance with the above requirement shall be checked by the procedure specified
below, with the vehicle unladen, on a straight and level road with a surface having a good
coefficient of adhesion'? and with the brakes adjusted as closely as possible and with the
proportioning/load-sensing valve (if fitted) held in the "laden" position throughout the test.

12 If the coefficient of adhesion of the test track is too high, preventing the anti-lock
braking system from full cycling, then the test may be carried out on a surface with a lower
coefficient of adhesion.

6.1.2. In the case of compressed-air braking systems, the initial energy level in the energy
transmission storage device(s) shall be equivalent to a pressure of 800 kPa at the coupling

head of the trailer's supply line.
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6.1.3. With an initial vehicle speed of at least 30 km/h the brakes shall be fully applied for a
time t =15 s, during which all wheels shall remain under control of the anti-lock system.
During this test, the supply to the energy transmission storage device(s) shall be cut off.

If the time t = 15 s cannot be completed in a single braking phase, further phases may be
used. During these phases no fresh energy shall be supplied to the energy transmission
storage device(s) and, as from the second phase, the additional energy consumption for
filling the actuators is to be taken into account, e.g. by the following test procedure.

The pressure in the reservoir(s) when starting the first phase is to be that stated in paragraph
6.1.2. of this annex. At the beginning of the following phase(s) the pressure in the
reservoir(s) after application of the brakes shall be not less than the pressure in the
reservoir(s) at the end of the preceding phase.

At the subsequent phase(s), the only time to be taken into account is from the point at
which the pressure in the reservoir(s) is equal to that at the end of the preceding phase.
6.1.4. At the end of the braking, with the vehicle stationary, the service braking control
device shall be fully actuated four times. During the fifth application, the pressure in the
operating circuit shall be sufficient to provide a total braking force at the periphery of the
wheels equal to not less than 22.5 per cent of the maximum stationary wheel load and
without causing an automatic application of any braking system not being under the control
of the anti-lock system.

6.2. Utilization of adhesion

6.2.1. Braking systems equipped with an anti-lock system shall be deemed acceptable when
the condition epsilon > 0.75 is satisfied, where epsilon represents the adhesion utilized, as
defined in paragraph 2 of Appendix 2 to this annex. This condition shall be verified with
the vehicle unladen, on a straight and level road with a surface having a good coefficient of
adhesion'> 13,

12 If the coefficient of adhesion of the test track is too high, preventing the anti-lock

braking system from full cycling, then the test may be carried out on a surface with a lower
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coefficient of adhesion.

13 In the case of trailers equipped with a brake load sensing device, the pressure setting of
the device may be increased to ensure full cycling.
6.2.2. To eliminate the effects of differential brake temperatures, it is recommended to
determine zrar prior to the determination of kg.
6.3. Additional checks
6.3.1. At speeds exceeding 15 km/h, the wheels directly controlled by an anti-lock system
shall not lock when the full force® is suddenly applied on the control device of the towing
vehicle. This shall be checked, under the conditions prescribed in paragraph 6.2. of this
annex, at initial speeds of 40 km/h and 80 km/h.

8 " Full force" means the maximum force laid down in Annex 4 to this Regulation for the

category of vehicle; a higher force may be used if required to activate the anti-lock system.

6.3.2. The provisions of this paragraph shall only apply to trailers equipped with an
anti-lock system of category A. When the right and left wheels are situated on surfaces

which produce differing maximum braking rates (zraru and zrarr), where

ZRALH 5 ()5 and LRALH 55

EH /RALL

the directly controlled wheels shall not lock when the full force® is suddenly applied on the
control device of the towing vehicle at a speed of 50 km/h. The ratio zZraLn/ZraLL may be
ascertained by the procedure in paragraph 2 of Appendix 2 of this annex or by calculating
the ratio zraLn/Zrarr. Under this condition the unladen vehicle shall satisfy the prescribed
braking rate in Appendix 3 to this annex'3.

8" Full force" means the maximum force laid down in Annex 4 to this Regulation for the
category of vehicle; a higher force may be used if required to activate the anti-lock system.

13In the case of trailers equipped with a brake load sensing device, the pressure setting of
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the device may be increased to ensure full cycling.
6.3.3. At vehicle speeds > 15 km/h the directly controlled wheels are permitted to lock for
brief periods, but at speeds < 15 km/h any locking is permissible. Indirectly controlled

wheels are permitted to lock at any speed but in all cases stability shall not be affected.

Annex 13 - Appendix 1

Symbols and definitions

Table: Symbols and definitions

Symbol Notes
E Wheelbase
Distance between king-pin and centre of axle or axles of semi-trailer (or
ER distance between drawbar coupling and centre of axle or axles of centre-axle
trailer)
) the adhesion utilized of the vehicle: quotient of the maximum braking rate
epsilon |with the anti-lock system operative (zar) and the coefficient of adhesion (k)
__ |the epsilon -value measured on axle i (in the case of a power-driven vehicle
epsiloni |witha category 3 anti-lock system)

epsilon H |the epsilon -value on the high-adhesion surface

epsilon L |the epsilon -value on the low-adhesion surface

F force [N]
For Braking force of the trailer with the anti-lock system inoperative
Formax Maximum value of Fyr
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Formaxi value of Fyrmax With only axle i of the trailer braked Formaxi [BEZE5 | HLO Bl § OO Zfi]E8) L 7RTE T O Formax D
ForaL Braking force of the trailer with the anti-lock system operative Forar | ABS 1E8) TS| B i) /)
. total no.rmal reac‘gon'of road surfage on th.e.unbraked and non-driven axles of Feug S el U 5 S C R 7 00 B B 2 L7 SR B 557 2 B R ) O
Cnd the vehicle combination under static conditions
. tota'l normal reaction of road sqrface o.n.the unbraked and driven axles of the Foy R 2R 12 33 > ~C 3 B ) 5 L7\ R B L A7 2 BA T ) 0 Tl
cd vehicle combination under static conditions
Fan Is\;c;glril Orszrc;?\z of road surface under dynamic conditions with the anti-lock Fan ABS {EB) F OB 2 0B 5 7 OF
Figyn Fdyn on axle i in case of power-driven vehicles or full trailers Fidgn HE L7V b LT O #1227 % Fapn
Fi Normal reaction of road surface on axle i under static conditions Fi FRIOZRIE T C O (2727 5 B TE )
- ‘z?éil]irégrr‘llehis;l;ic reaction of road surface on all wheels of power-driven Fuy B B 0D 4T 0 BB 75 2 K L ) OO
B ;F;l';asl gg:}rlréallj zillzrc_ (r;;lvc;ose%t; crloead surface on the unbraked and non-driven Fand! |1 B EE OO BB & 1070 JEEREN Bl 170 2 BRI R F) O
Fu E;):ﬁ?;%rvrzlrl_ (sltreil:]lgnriae%til:lté of road surface on the unbraked and driven axles Fud |1 B EE 0SB & 07 RS HL L 07 2 RS K ) O F
Fr Total normal static reaction of road surface on all wheels of trailer Fr B S| BLOA T DO HR T 7)) D K O Fn
Total normal dynamic reaction of road surface on the axle(s) of semi-trailer or TP TRTRF =T 7 A b LT ORI 2 B R
Frayn Frayn
centre-axle trailer A OFn
Fws'  (0.01 Fyng +0.015 Fyg Fwm' 10.01 Fang +0.015 Fug
G Acceleration due to gravity (9.81 m/s?) G HANEEE (9.81 m/s?)
H Height of centre of gravity specified by the manufacturer and agreed by the I R U RBREN AR L R
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hp Height of drawbar (hinge point on trailer) hp Rr— =@ (S B )

hg Height of fifth wheel coupling (king pin) hg B SO (/e y) mE

hg Height of centre of gravity of the trailer hg PRSI O HE L

K Coefficient of adhesion between tyre and road K B A & B R O R AR

ke k-factor of one front axle ke 1 SO k FR%E

ku k-value determined on the high-adhesion surface ku B ECIESN KE

ki k-value determined on axle i for a vehicle with a category 3 anti-lock system ki £ 3 T ABS % 32fiff L 72 B O il | TIRGE ST kfE
k k-value determined on the low-adhesion surface k. K pE ECHRESINT KA

Kiock Value of adhesion for 100% slip kioek  [100% A VU v FIT%k9 B k55 R 5

km k-factor of the power-driven vehicle kv HEhE O k £REK

Kpeak Maximum value of the curve "adhesion versus slip" Kpeak CEEEREOT AV v 7R ) fhifRIZB T 5 k O KE
ke k-factor of one rear axle ke 1 SDO#%HhD k HR%E

kg k-factor of the trailer kr PG| D k FREL

P mass of individual vehicle [kg] P i 2 DEMmOEE (kg)

R ratio of Kpeak t0 Kiock R Kiook {235 Kpeak D L

time interval [s]

WFEIFEIRE (s)




tm Mean value of t tm t DFLfE

timin Minimum value of t tmin |t D IR/ME

z Braking rate z [HEURS

ZaL Braking rate z of the vehicle with the anti-lock system operative zae  ABSEE) F COEMOHE S (2)

”e fggl_(li(r)lcgkr:; tze r?lfiil(fp\;i:tif\}: combination, with the trailer only braked and the - R RO BB LT, ABS JHEE FCOMBETOMB (2)

rea fggl_(li(t)lcgkr:; tze E}f é};r\;i:ihvigle combination, with the trailer only braked and the rons R OB L. ABS M) TGOt 8w oo I ) 2

ZCmax Maximum value of z¢ Zemax  |Ze DE KA

ZCmaxi Maximum value of z¢ with only axle i of the trailer braked Zomai PREEGIHEOHL § DA E) L 7IREE T O ze D KE

Zm mean braking rate Zm SR Eh R

Zmax Maximum value of z Zmx |z DICKIE

ZMALS zav of the power-driven vehicle on a "split surface" zvas | [ ATV MgH ] ETOBRBIED zar

7R Braking rate z of the trailer with the anti-lock system inoperative Zr ABS FEAFE) T TOMEES | HOBIE) ) 2

_ oA faf ktf(f ;31; ZEZE‘S‘QEZHZS‘;? all the axles, the towing vehicle -~ WABIEORTOHEEMA RS LT bk za BB SR, 20 H)
280 Bl L 72 IRRB O 5 | L & dRY)

ZRALH zrar on the surface with the high coefficient of adhesion N T

ZRALL zraL On the surface with the low coefficient of adhesion ot R O BT LT 7n

ZRALS Zrar on the split-surface




ZRH zr on the surface with the high coefficient of adhesion
ZRL zr on the surface with the low coefficient of adhesion
ZRHmax Maximum value of zry

ZRLmax Maximum value of zrp,

ZRmax Maximum value of zg

! Fumna and Fuqin case of two-axled power-driven vehicles: these symbols may be simplified

to corresponding Fi-symbols.

Annex 13 - Appendix 2

Utilization of adhesion

1. Method of measurement for power-driven vehicles

1.1. Determination of the coefficient of adhesion (k)

1.1.1. The coefficient of adhesion (k) shall be determined as the quotient of the maximum
braking forces without locking the wheels and the corresponding dynamic load on the axle
being braked.

1.1.2. The brakes shall be applied on only one axle of the vehicle under test, at an initial
speed of 50 km/h. The braking forces shall be distributed between the wheels of the axle to
reach maximum performance. The anti-lock system shall be disconnected, or inoperative,
between 40 km/h and 20 km/h.

1.1.3. A number of tests at increments of line pressure shall be carried out to determine the

maximum braking rate of the vehicle (zmax). During each test, a constant input force shall be

zZrats A7V MESHE ETO zpa
zru EARAE RO ESTE LT O 2
zme RHEREOKE ETO 2
Zrimax  |Zr D e KAE
Zrimax  ZRL DI KAH
Zrmax |z D FKAE

V2uh > B BYEIZ351T % Frna M O
TH LR,

INHDORFIE, MIST DFFHIZfEilsL L

BRI 13— (142

K& OFA

1. HEEOREFE

L1 fERE (k) ORE

111 KEERRE (0 (XA 2y 7 LW TR E 2268 %, fl#hsid
HURRZ 230 D BRI ) ThR L 72 & L CIRET 5,

1.1.2. HIBHIEEEES50 km/h T, REBREE O 1> O HEZ O LB NT 5, HE 1T,
B RMEREIZET B L ) I YL O Hlg Il SR T iEZe 5720, ABSIE. 40
km/h7> 520 km/hE CTOEEIZIBWNT, IV EES TV A0 EERhORIEL 55,

113, 74 > OENZ MR R U THSEORIER 2 F2i L | 51 O i K E) 3R (Zmnax)
ZRET D, HRBROMICENT, ANT—EICHRFTT 52 &, HilBh=E, HWEN



maintained and the braking rate will be determined by reference to the time taken (t) for the
speed to reduce from 40 km/h to 20 km/h using the formula:
~0.566

t

Zmax 18 the maximum value of z; t is in seconds.

1.1.3.1. Wheel lock may occur below 20 km/h.

z

1.1.3.2. Starting from the minimum measured value of t, called tmin, then select three values
of t comprised within tmin and 1.05 tmin and calculate their arithmetical mean value tm, then

calculate

~0.566
Ln___;__

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

1.1.4. The braking forces shall be calculated from the measured braking rate and the rolling
resistance of the unbraked axle(s) which is equal to 0.015 and 0.010 of the static axle load
for a driven axle and a non-driven axle, respectively.

1.1.5. The dynamic load on the axle shall be that given by the formulae in Annex 10 to this
Regulation.

1.1.6. The value of k shall be rounded to three decimal places.

1.1.7. Then, the test will be repeated for the other axle(s) as defined in paragraphs 1.1.1. to
1.1.6. above (for exemptions see paragraphs 1.4. and 1.5. below).

1.1.8. For example, in the case of a two-axle rear-wheel drive vehicle, with the front axle

(1) being braked, the coefficient of adhesion (k) is given by:

40 km/h7> 520 km/h~D I |2 B~ 5 R
~0.566

t
Zmax{j:\ Z@%k’fﬁ‘/@% D N *}‘%‘{ET%TO

O ZHNT, KAUZL Y RET D,

zZ

1.1.3.1. 20 km/hA i T, By v 7 3% AE L TH L0,
1132 tmin (ADF/NAEEZ VD) ZE A 1.05 tin & W /N W3 DDtOfE Z RO,
N6 OEMEMMEE B HT 5, Wiz, RXEHET 5,

0.566
Im —
tm

LRI, ERRCTERE L3 2DMENE LN WIGEATE, &/t Z AV TH LW,
7720, FOHBAICBWTH FRRIIEOEFITEH I NS,

114, Hl@h 7%, JE U7z il @hse & OFEHIB) il O B IRGT H 3R T 5, 728,
RN 0 HRPUIE, BRE) Bl R OFEBREN I DT, E S ALERIIES E ) 00,015
%} V001005 & T 5,

1.1.5. BRSO3, ABRRIOMANTICHIE L7z iz L v Rk 5,

1.1.6. kDML, DEEENLITHD D Z Ly

1.1.7. thooHEsIx LCh, LLLIEN D 1LL6IEE TIOBE LB 2 40 K3 (f
ZIE, TRI4AHEEOLSHEZZR) |

1.1.8. thm2dBEE Bl <l (1) 2618 L2Ba . MR (o i3xRic Lok
LoD,



2 P.g - 0015 F,

.P-g

m o

h
FH‘E - Z

1.1.9. One coefficient will be determined for the front axle kr and one for the rear axle k.
1.2. Determination of the adhesion utilized (epsilon)
1.2.1. The adhesion utilized (epsilon) is defined as the quotient of the maximum braking

rate with the anti-lock system operative (zar) and the coefficient of adhesion (kw) i.e.,

_ZaL

k M
1.2.2. From an initial vehicle speed of 55 kim/h, the maximum braking rate (zar) shall be
measured with full cycling of the anti-lock braking system and based on the average value
of 3 tests, as in paragraph 1.1.3. of this Appendix, using the time taken for the speed to
reduce from 45 km/h to 15 km/h, according to the following formula:
~0.849

ZAL
tm

1.2.3. The coefficient of adhesion ky shall be determined by weighting with the dynamic

axle loads.
_ k¢-F f dyn k.- Frdyu
kv =
P.g
Where:

_ h
Ffdyn_Ff_FE'ZAL'P'g

h
Frdyn =Fr~ E -ZAL - P. B

_ znXPxg - 0.015xF,

ks
h
Fl"‘fx z,XPxg

1.1.9. ATl U TRy, BN L TR E D IRIE S D,

12, #AEDRAER () OWE

12,1 RAETRIAR () 13, ABSTEE) FOHIEIZ (za) @ 5 HERARD GO Z RS
B (k) TEBRLZZEE LT, kAUTK IV RD D,

— ZAL
g =—=
kM
1.2.2. i KHENR (za0) 1E, HEIRIRESS km/h) HABSE 7Vt A 7 ) v 7 &4
ABFRIO13FHICHIE LTz & 5 IZ3EIORBROFEMEIZ IS & | D45 km/hd 6
15 km/hE THRGET BRI DR Z VT, kUL v kD 5,
~0.849

ZAL
Im

1.2.3. HAERREUT, BRIBSEK ) TEAST &2 L TRET 5,
_ k¢xF f dyn - erFrdyn

Pxg

M

Z Z T,
_ h
Ffdyu = Fr +E XzarXPxg

h
Frdyn =Fe= EXZALXP X g



1.2.4. The value of epsilon shall be rounded to two decimal places.

1.2.5. In the case of a vehicle equipped with an anti-lock system of categories 1 or 2, the
value of zAL will be based on the whole vehicle, with the anti-lock system operative, and
the adhesion utilized (epsilon) is given by the same formula quoted in paragraph 1.2.1. of
this appendix.

1.2.6. In the case of a vehicle equipped with an anti-lock system of category 3, the value of
zarL will be measured on each axle which has at least one directly controlled wheel. For
example, for a two-axle rear-wheel drive vehicle with an anti-lock system acting only on

the rear axle (2), the adhesion utilized (epsilon ) is given by:

ZAL-P-g'O-OIO-F[

h
kZ(F2'E-ZAL-P-g)

This calculation shall be made for each axle having at least one directly controlled wheel.
1.3. If epsilon > 1.00 the measurements of coefficients of adhesion shall be repeated. A
tolerance of 10 per cent is accepted.
1.4. For power-driven vehicles equipped with three axles, any axles that are interconnected
by either suspension components and thereby react to weight transfer under braking or
driveline may be disregarded in establishing a k value for the vehicle!.

! Until a uniform test procedure is agreed, vehicles with more than three axles and special
vehicles will be subject to consultation with the Technical Service.
1.5. For vehicles of categories N> and N3 with a wheelbase less than 3.80 m and with h/E >
0.25 the determination of the coefficient of adhesion for the rear axle will be omitted.
1.5.1. In that case the adhesion utilized (epsilon ) is defined as the quotient of the maximum
braking rate with the anti-lock system operative (zar) and the coefficient of adhesion (k)

1e.

1.2.4. eDEIT, /IMEGERLICHD D Z &,

1.2.5. H1IFEABS XX HE2FEABS 2 444 L 7= B2 & - CTIE, zalXABSTEE) T o Hijit
BIRIZHESS DO THY | MENFIHR () 1T, AMAIO121ETHH L7ZH D
ERCRIZE D RDEND,

1.2.6. BE3FEABS & 3 L 72 B2 & o TIiE, zalIAd 72 < & b 1-0 D E B #ifig &
HOKHEE CRITET 5, B 21X, B2 Eh B CABSA RE (2) OAIIEAT
BHHDITONTIE, FEERFIHE () Bz kvkobons,

Z‘_\LXPXg = OOlOXFl

€2 —
= 1
k2 (F2 ‘EXZALXPXg)

ZOREIE, A7 & b 10O ESEHIEER A S OR EEINZ OWTIT O 2 &,

13. ¢ >1.00CHLH5E . MERBOWEELLVET Z &, ZOHAITBWT, 10%
DRENBDOLNDHD LT D,

1.4, Bl 23R8 L7 B BIC & - Tk, FBREEE ORRESmAER S h, 20
7= HHIBYRE LB 5RO EEBEN ST 5 IOV T, Hl OkfE A
ETHRICEBRICANLRS TH W,
VRPN DWW TARICEIZET 5 £ T, Hllhi A 3R B b D Hl] & Ok
HEZOWTE, BN L T 2 b0 LT 5,

1.5. #HEE233.80 mAH . 2> OWE=0.25 T 5 HE XN L ON;D HFIZ & - Tid,
HENZ BT DA RBORE L BT D,

L5.1. K& DRI () 1%, ABSIEE) FOHIEIE (za) D9 HEKRO L O ZEHE
% (k) CTEBRLEZEE LT, kUL vRD D,



_ ZAL

ke
2. Method of measurement for trailers
2.1. General
2.1.1. The coefficient of adhesion (k) shall be determined as the quotient of the maximum
braking forces without locking the wheels and the corresponding dynamic load on the axle
being braked.
2.1.2. The brakes shall be applied on only one axle of the trailer under test, at an initial
speed of 50 km/h. The braking forces shall be distributed between the wheels of the axle to
reach maximum performance. The anti-lock system shall be disconnected or inoperative,
between 40 km/h and 20 km/h.
2.1.3. A number of tests at increments of line pressure shall be carried out to determine the
maximum braking rate of the vehicle combination (zcmax) With the trailer only braked.
During each test, a constant input force shall be maintained and the braking rate will be
determined by reference to the time taken (t) for the speed to reduce from 40 km/h to 20

km/h using the formula:

_ 0.566
t

2.1.3.1. Wheel lock may occur below 20 km/h.

Zc

2.1.3.2. Starting from the minimum measured value of't, called tmin, then select three values
of t comprised within tmin and 1.05 tmin and calculate their arithmetical mean value tm, then

calculate

. 0.566

z Cmax
m

ZAL
g=——

ks
2. HEBEOWEHIE
2.1, — B
211 KRS (k) 1FERS e v 7 LRWEH TRk & 225l ) & HiEhSh s
I 23 D BRI ) TR L7 & L CIRIET D,

2.1.2. HIBFIHEESO km/h T, RIS CTd DL B 1D D B2 O A il B & 7>
I %, HIEN T, RRPEREICET 5 K 9\ YL HEE O B ISR SR T IUER S
72\, ABSIE. 40 km/h2)> 520 km/hE TOEEICBWT, 10 EES T2 03 IEE
BORREL T2,

213, A4 Y OENZNARE KR U CTHREEORER 2 Fhi L, #E H O HE) L7z
REBIZ 31T 2 B O KFIENE (zome) HRET D FRBROMIZIHNT, A
INFE—EIRFFT 2 2 & HlERIT, HE 340 km/h7)» 520 k/h~DORIHRIZE T 5
R () ZHW T, AU KV IRET D,

0.566

ZC:—
t

2.1.3.1. 20 km/hoARJi# T, Hiligm v 7 2358 AE L TH L0,
2.1.32. tmin ((DFR/NAIEEZ VD) ZE I~ 1.05 tmin & W /NS W3O DtOfE AR,
TN ORI Et 2 H T 5,

- 0.566

ZCmax —
tm
ERRIC, ERRTER L3 2DENE L2 WEGEAIT, B/ R tme 2 IV TH L,



If it is demonstrated that for practical reasons the three values defined above cannot be
obtained, then the minimum tine tmin may be utilized.

2.1.4. The adhesion utilized (epsilon ) shall be calculated by means of the formula:
_ ZraL
k R

The k value has to be determined according to paragraph 2.2.3. of this appendix for full

€

trailers or paragraph 2.3.1. of this appendix for semi-trailers respectively.

2.1.5. If epsilon > 1.00 the measurements of coefficients of adhesion shall be repeated. A
tolerance of 10 per cent is accepted.

2.1.6. The maximum braking rate (zrar) shall be measured with full cycling of the anti-lock
braking system and the towing vehicle unbraked, based on the average value of three tests,
as in paragraph 2.1.3. of this appendix.

2.2. Full trailers

2.2.1. The measurement of k (with the anti-lock system being disconnected, or inoperative,
between 40 km/h and 20 km/h) will be performed for the front and the rear axles.

For one front axle i:

F =

bR max1

Z e maxi (Fy +Fr) = 0.01F,; —0.015F

Cd

Z('nmxi(FM . hD g g . P . hR) i F\\'M . hD
E

Fi(l}'ll = Fi +

For one rear axle 1:

2,14 FEEFIHE (o) X, RAUCKVEHET D,
_ ZraL
ky

KX, 7/ b L—F OEFAEIARMFED223HIZESNT, F/2, EI hL—TFD
B IIAMNGED23. 1 HIZHESWT, FRENRET D,

215 ¢ >1.00THL56, MERBONEZLYES Z L, ZOHREITHBNT,
10% DREDBDOLNLHLD ET D,

2.1.6. IKHIEIR (zrar) X, ABSE 7L A 7 U v 7 S D025 | Efli A3 E)
SN VIREE T, ARAFERD2.13.HICHLE L7z X 9 I3 E OB DOEEEIZ IS T
HET 5,

22. 7V kL —Z

22.1LKEDOHEEIX,  (ABSHE] Y B STV 2 03 FEEBNOIRRE T, 40 km/h7)> 520
km/hE TOEET) Al OFEHC W TET 5,
1ODOHIIZ DOV TIE, WAIZ KV RET D,

= ZCmaxi(FM + FR) - O'OIFC‘ud - O'OISFC’(I

€

bR max1

Zemai (FvXhp + € XP X hg) - Fwm X hp
E

1D HERIZ OV T, K’k v RET 5,

Fid_\n = Fi +



Fmeaxi = ZCmaxi - (FM + FR) - 00 l FCud . OO l 5 FCd
Fid_\‘n = Fi = ZCmQXi(FM ; hD + g . P s hR) - F\\’l\.{ s hD
E
kl‘ = m
Fid_vn

2.2.2. The values of kf and kr will be rounded to three decimal places.
2.2.3. The coefficient of adhesion kg shall be determined proportionally according to the

dynamic axle loads.

kf : Ffdyn Ll kr 2 Frdyn
P.g

kr =

2.2.4. Measurement of zrar (with the anti-lock system operative)

_ Zcar-(Fm 1 Fr)-0.01Fcyg-0.015Fcq
Fr

ZraL 18 to be determined on a surface with a high coefficient of adhesion and, for vehicles

ZRAL

with a category A anti-lock system, also on a 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 system being disconnected or inoperative,
between 40 km/h and 20 km/h) shall be carried out with wheels fitted only on one axle, the
wheels of the other axle(s) are removed.
_ FoRmax-hk + Zcmax-€-P-(hr - hg)

Er

FRd_\'n = Fr

k — Fmeax

FRdyn

2.3.2. The measurement of zrar (With the anti-lock system operative) shall be carried out

Fmeaxi = ZCmaxi X(FM+FR)-0~01FC11(1-O'015FC(1
_ ZCmaxi(FMX hD + g S P X hR) - FWM>< hD
Fid_vu - Fi -
E
— Fmeaxi

kr
Fid}'u

222 kfE R ke DIEIL, /INEEEIALICHD D Z &y
2.2.3. KiE R keiT. BRI )05 BRI E T B,

— kf X Ffdyn + kr xFrdyu
Pxg

kr

224 zra OHE (ABSTEE)T)
_ ZcaL X (FM T Fr)-0.01Fcuq-0.015F¢q
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zracld. ERSE R ORI ETRIET 5, E7o. AFEOABSZ 2 LM &H -
T, (SRR OKRE ETHEET S,
23. BEI PL—F KRB H—T 7 AL KL —F
231 KEOREX,  (ABSAIY B 4TV 2 2 IEETHOMREE T, 40 km/h7)» 520
km/hE TOEET) DO HEFHT O A HEilig 2 B 15, oo sl 5 sl 4 K 26
L7cIREECHEMT 2 Z &,

ZRAL

_ FoRmaxXhk + Zcmax X8 xPx (hR u hK)'
Er

FRdyu = Fr

k - Flenax

FRdyu

232, zpa PHEIX,  (ABSHEE) FC) 2 TOHRZ Y (1T 72 REECHERT 5,



with all wheels fitted.
Forar = Zcar-(Fm T Fr) -Fwm
p _ Firar
RAL — F
Rdyn
Forar-hx * zcar-2.P.(hg -hg)

Er

ZraL 18 to be determined on a surface with a high coefficient of adhesion and, for vehicles

F Rdyn = Fr-

with a category A anti-lock system, also on a surface with a low coefficient of adhesion.

Annex 13 - Appendix 3

Performance on differing adhesion surfaces

1. Power-driven vehicles

1.1. The prescribed braking rate referred to in paragraph 5.3.5. of this annex may be
calculated by reference to the measured coefficient of adhesion of the two surfaces on
which this test is carried out. These two surfaces shall satisfy the conditions prescribed in
paragraph 5.3.4. of this annex.

1.2. The coefficient of adhesion (ky and ki) of the high- and low- adhesion surfaces,
respectively, shall be determined in accordance with the provisions in paragraph 1.1. of
Appendix 2 to this annex.

1.3. The braking rate (zmaLs) for laden power-driven vehicles shall be:

4k +kn

ZMALS >0.75 ﬂlld ZMALS > kL

2. Trailers
2.1. The braking rate referred to in paragraph 6.3.2. of this annex may be calculated by
reference to the measured braking rates zraru and zrarr on the two surfaces on which the

tests are carried out with the anti-lock system operative. These two surfaces shall satisfy the

ForarL = ZcarX(Fm T Fr) -FwMm

FbRAL

Zgar =
FRdyn
Forar Xhg + zcar Xg XPx(hy -hg)
Er
zracld, EASERE O E ETCHET S, £7o. AFEDOABSA i L 72 EljIZH o
T, RSO E ETHRIET 5,
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1.3, BEHCRRE D BBV B OHIENR (zwacs) (X, KA LV RET D,
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conditions prescribed in paragraph 6.3.2. of this annex.

2.2. The braking rate zrars shall be:

> 075 4zparr * zrarm
ZRALS 2 :
EH S

and

ZRALL

ZRALS ~

€H
If epsilon H > 0.95, use epsilon H = 0.95
Annex 13 - Appendix 4
Method of selection of the low-adhesion surfaces
1. Details of the coefficient of adhesion of the surface selected, as defined in paragraph
5.1.1.2. of this annex, shall be given to the Technical Service.
1.1. These data shall include a curve of the coefficient of adhesion versus slip (from 0 to
100 per cent slip) for a speed of approximately 40 km/h'.

! Until a uniform test procedure is established for the determination of the adhesion curve
for vehicles with a maximum mass exceeding 3.5 tonnes, the curve established for
passenger cars may be used. In this case, for such vehicles, the ratio kpeak to kiock shall be
established using a value of kpcak as defined in Appendix 2 to this annex. With the consent
of the Technical Service, the coefficient of adhesion described in this paragraph may be
determined by another method provided that the equivalence of the values of kyeak and kiock
are demonstrated.

1.1.1. The maximum value of the curve will represent kpeax and the value at 100 per cent
slip will represent Kiock.

1.1.2. The ratio R shall be determined as the quotient of the kpeak and klock.

2.2. fillEhFzrarslid, ROBY THDHZ L,

0.75  AzrarL * zratn
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kpeak
klock

1.1.3. The value of R shall be rounded to one decimal place.

B =

1.1.4. The surface to be used shall have a ratio R between 1.0 and 2.0.2.

2 Until such test surfaces become generally available, a ratio R up to 2.5 is acceptable,
subject to discussion with the Technical Service.
2. Prior to the tests, the Technical Service shall ensure that the selected surface meets the
specified requirements and shall be informed of the following:
(a) Test method to determine R;
(b) Type of vehicle (power-driven vehicle, trailer, ...);
(c) Axle load and tyres (different loads and different tyres have to be tested and the results
shown to the Technical Service which will decide if they are representative for the vehicle
to be approved).
2.1. The value of R shall be mentioned in the test report.
The calibration of the surface has to be carried out at least once a year with a representative

vehicle to verify the stability of R.

Annex 14

Test conditions for trailers with electrical braking systems

1. General

1.1. For the purposes of the following provisions electrical braking systems are service
braking systems consisting of a control device, an electromechanical transmission device,
and friction brakes. The electrical control device regulating the voltage for the trailer shall
be situated on the trailer.

1.2. The electrical energy required for the electrical braking system is supplied to the trailer

by the towing vehicle.
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1.3. Electrical braking systems shall be actuated by operating the service braking system of
the towing vehicle.
1.4. The nominal voltage rating shall be 12 V.
1.5. The maximum current consumption shall not exceed 15 A.
1.6. The electrical connection of the electrical braking system to the towing vehicle shall be
effected by means of a special plug and socket connection corresponding to ...!!, the plug of
which shall not be compatible with the sockets of the lighting equipment of the vehicle.
The plug together with the cable shall be situated on the trailer.

! Under study. Until the characteristics of this special connection have been determined,
the type to be used will be indicated by the National Authority granting the approval.
2. Conditions concerning the trailer
2.1. If there is a battery on the trailer fed by the power supply unit of the towing vehicle, it
shall be separated from its supply line during service braking of the trailer.
2.2. With trailers whose unladen mass is less than 75 per cent of their maximum mass, the
braking force shall be automatically regulated as a function of the loading condition of the
trailer.
2.3. Electrical braking systems shall be such that even when the voltage in the connection
lines is reduced to a value of 7 V, a braking effect of 20 per cent of the (sum of the)
maximum stationary axle load(s) is maintained.
2.4. Control devices for regulating the braking force, which react to the inclination in the
direction of travel (pendulum, spring-mass-system, liquid-inertia-switch) shall, if the trailer
has more than one axle and a vertically adjustable towing device, be attached to the chassis.
In the case of single-axle trailers and trailers with close-coupled axles where the axle spread
is less than 1 metre, these control devices shall be equipped with a mechanism indicating its
horizontal position (e.g., spirit level) and shall be manually adjustable to allow the
mechanism to be set in the horizontal plane in line with the direction of travel of the

vehicle.
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2.5. The relay for actuating the braking current in accordance with paragraph 5.2.1.19.2. of
this Regulation, which is connected to the actuating line, shall be situated on the trailer.
2.6. A dummy socket shall be provided for the plug.

2.7. A tell-tale shall be provided at the control device, lighting up at any brake application
and indicating the proper functioning of the trailer electrical braking system.

3. Performance

3.1. Electrical braking systems shall respond at a deceleration of the tractor/trailer
combination of not more than 0.4 m/s>.

3.2. The braking effect may commence with an initial braking force, which shall not be
higher than 10 per cent of the (sum of the) maximum stationary axle load(s) nor higher than
13 per cent of the (sum of the) stationary axle load(s) of the unladen trailer.

3.3. The braking forces may also be increased in steps. At higher levels of the braking
forces than those referred to in paragraph 3.2. of this annex these steps shall not be higher
than 6 per cent of the (sum of the) maximum stationary axle load(s) nor higher than 8 per
cent of the (sum of the) stationary axle load(s) of the unladen trailer.

However, in the case of single-axle trailers having a maximum mass not exceeding 1.5
tonnes, the first step shall not exceed 7 per cent of the (sum of the) maximum stationary
axle load(s) of the trailer. An increase of 1 per cent of this value is permitted for the
subsequent steps (example: first step 7 per cent, second step 8 per cent, third step 9 per
cent, etc; any further step should not exceed 10 per cent). For the purpose of these
provisions a two-axle trailer having a wheelbase shorter than 1 m will be considered as a
single axle trailer.

3.4. The prescribed braking force of the trailer of at least 50 per cent of the maximum total
axle load shall be attained - with maximum mass - in the case of a mean fully developed
deceleration of the tractor/trailer combination of not more than 5.9 m/s? with single-axle
trailers and of not more than 5.6 m/s> with multi-axle trailers. Trailers with close-coupled

axles where the axle spread is less than 1 m are also considered as single-axle trailers
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within the meaning of this provision. Moreover, the limits as defined in the appendix to this
annex shall be observed. If the braking force is regulated in steps, they shall lie within the
range shown in the appendix to this annex.

3.5. The test shall be carried out with an initial speed of 60 km/h.

3.6. Automatic braking of the trailer shall be provided in accordance with the conditions of
paragraph 5.2.2.9. of this Regulation. If this automatic braking action requires electrical
energy, a trailer braking force of at least 25 per cent of the maximum total axle load shall

be achieved for at least 15 minutes to satisfy the above-mentioned conditions.

Annex 14 - Appendix
Compatibility of the braking rate of the trailer and the mean fully developed

deceleration of the tractor/trailer combination (trailer laden and unladen)
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Notes:

1. Limits indicated in the diagram refer to laden and unladen trailers. When the trailer
unladen mass exceeds 75 per cent of its maximum mass, limits shall be applied only to
"laden" conditions.

2. Limits indicated in the diagram do not affect the provisions of this annex regarding the
minimum braking performances required. However, if braking performances obtained

during test — in accordance with provisions indicated in paragraph 3.4. of this annex - are
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greater than those required, said performances shall not exceed the limits indicated in the
above diagram.

TR = sum of braking forces at periphery of all wheels of trailer.

PR = total normal static reaction of road surface on wheels of trailer.

dm = mean fully developed deceleration of tractor/trailer combination.

Annex 15

Inertia dynamometer test method for brake linings

1. General

1.1. The procedure described in this annex may be applied in the event of a modification of
vehicle type resulting from the fitting of brake linings of another type to vehicles which
have been approved in accordance with this Regulation.

1.2. The alternative types of brake linings shall be checked by comparing their performance
with that obtained from the brake linings with which the vehicle was equipped at the time
of approval and conforming to the components identified in the relevant information
document, a model of which is given in Annex 2 to this Regulation.

1.3. The Technical Service responsible for conducting approval tests may at its discretion
require comparison of the performance of the brake linings to be carried out in accordance
with the relevant provisions contained in Annex 4 to this Regulation.

1.4. Application for approval by comparison shall be made by the vehicle manufacturer or
by his duly accredited representative.

1.5. In the context of this annex, "vehicle" shall mean the vehicle-type approved according
to this Regulation and for which it is requested that the comparison shall be considered
satisfactory.

2. Test equipment

2.1. A dynamometer having the following characteristics shall be used for the tests:
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2.1.1. It shall be capable of generating the inertia required by paragraph 3.1. of this annex,

and have the capacity to meet the requirements prescribed by paragraphs 1.5., 1.6. and 1.7.
of Annex 4 to this Regulation with respect to Type-I, Type-II and Type-III tests.

2.1.2. The brakes fitted shall be identical with those of the original vehicle-type concerned.

2.1.3. Air cooling, if provided, shall be in accordance with paragraph 3.4. of this annex.

2.1.4. The instrumentation for the test shall be capable of providing at least the following
data:

2.1.4.1. A continuous recording of disc or drum rotational speed;

2.1.4.2. Number of revolutions completed during a stop, to a resolution not greater than one
eighth of a revolution;

2.1.4.3. Stop time;

2.1.4.4. A continuous recording of the temperature measured in the centre of the path swept
by the lining or at mid-thickness of the disc or drum or lining;

2.1.4.5. A continuous recording of brake application control line pressure or force;

2.1.4.6. A continuous recording of brake output torque.

3. Test conditions

3.1. The dynamometer shall be set as close as possible, with +/-5 per cent tolerance, to the
rotary inertia equivalent to that part of the total inertia of the vehicle braked by the
appropriate wheel(s) according to the following formula:

I=MR?
Where:

I = rotational inertia [kg-m’],

R = dynamic tyre rolling radius [m],

M = that part of the maximum mass of the vehicle braked by the appropriate wheel(s). In
the case of a single-ended dynamometer, this part shall be calculated from the design

braking distribution in the case of vehicles of categories M, M3 and N when deceleration
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corresponds to the appropriate value given in paragraph 2.1. of Annex 4 to this Regulation;
in the case of vehicles of category O (trailers), the value of M will correspond to the load
on the ground for the appropriate wheel when the vehicle is stationary and loaded to its
maximum mass.

3.2. The initial rotational speed of the inertia dynamometer shall correspond to the linear
speed of the vehicle as prescribed in Annex 4 to this Regulation and shall be based on the
dynamic rolling radius of the tyre.

3.3. Brake linings shall be at least 80 per cent bedded and shall not have exceeded a
temperature of 180 degrees C during the bedding procedure, or alternatively, at the vehicle
manufacturer's request, be bedded in accordance with his recommendations.

3.4. Cooling air may be used, flowing over the brake in a direction perpendicular to its axis
of rotation. The velocity of the cooling air over the brake shall be:

Vair =033 v

Where:

v = vehicle test speed at initiation of braking.

The temperature of the cooling air shall be the ambient temperature.

4. Test procedure

4.1. Five sample sets of the brake lining shall be subjected to the comparison test; they shall
be compared with five sets of linings conforming to the original components identified in
the information document concerning the first approval of the vehicle type concerned.

4.2. Brake lining equivalence shall be based on a comparison of the results achieved using
the test procedures prescribed in this annex and in accordance with the following
requirements.

4.3. Type-0 cold performance test

4.3.1. Three brake applications shall be made when the initial temperature is below 100
degrees C. The temperature shall be measured in accordance with the provisions of

paragraph 2.1.4.4. of this annex.
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4.3.2. In the case of brake linings intended for use on vehicles of categories M», M3 and N,
brake applications shall be made from an initial rotational speed equivalent to that given in
paragraph 2.1. of Annex 4 to this Regulation, and the brake shall be applied to achieve a
mean torque equivalent to the deceleration prescribed in that paragraph. In addition, tests
shall also be carried out at several rotational speeds, the lowest being equivalent to 30 per
cent of the maximum speed of the vehicle and the highest being equivalent to 80 per cent of
that speed.

4.3.3. In the case of brake linings intended for use on vehicles of category O, brake
applications shall be made from an initial rotational speed equivalent to 60 km/h, and the
brake shall be applied to achieve a mean torque equivalent to that prescribed in paragraph
3.1. of Annex 4 to this Regulation. A supplementary cold performance test from an initial
rotational speed equivalent to 40 km/h shall be carried out for comparison with the Type-I
test results as described in paragraph 3.1.2.2. of Annex 4 to this Regulation.

4.3.4. The mean braking torque recorded during the above cold performance tests on the
linings being tested for the purpose of comparison shall, for the same input measurement,
be within the test limits +/-15 per cent of the mean braking torque recorded with the brake
linings conforming to the component identified in the relevant application for vehicle type
approval.

4.4. Type-I test (fade test)

4.4.1. With repeated braking

4.4.1.1. Brake linings for vehicles of categories M, M3 and N shall be tested according to
the procedure given in paragraph 1.5.1. of Annex 4 to this Regulation.

4.4.2. With continuous braking

4.4.2.1. Brake linings for trailers (category O) shall be tested in accordance with paragraph
1.5.2. of Annex 4 to this Regulation.

4.4.3. Hot performance

4.4.3.1. On completion of the tests required under paragraphs 4.4.1. and 4.4.2. of this
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annex, the hot braking performance test specified in paragraph 1.5.3. of Annex 4 to this
Regulation shall be carried out.

4.4.3.2. The mean braking torque recorded during the above hot performance tests on the
linings being tested for the purpose of comparison shall, for the same input measurement,
be within the test limits +/-15 per cent of the mean braking torque recorded with the brake
linings conforming to the component identified in the relevant application for vehicle type
approval.

4.5. Type-II test (downhill behaviour test):

4.5.1. This test is required only if, on the vehicle-type in question, the friction brakes are
used for the Type-II test.

4.5.2. Brake linings for power-driven vehicles of category M3 (except for those vehicles
required to undergo a Type-IIA test according to paragraph 1.6.4. of Annex 4 to this
Regulation) and category N3, and trailers of category O4 shall be tested according to the
procedure set out in paragraph 1.6.1. of Annex 4 to this Regulation.

4.5.3. Hot performance

4.5.3.1. On completion of the test required under paragraph 4.5.1. of this annex, the hot
performance test specified in paragraph 1.6.3. of Annex 4 to this Regulation shall be carried
out.

4.5.3.2. The mean braking torque recorded during the above hot performance tests on the
linings being tested for the purpose of comparison shall, for the same input measurement,
be within the test limits +/-15 per cent of the mean braking torque recorded with the brake
linings conforming to the component identified in the relevant application for vehicle type
approval.

4.6. Type-III test (fade test)

4.6.1. Test with repeated braking

4.6.1.1. Brake linings for trailers of category O, shall be tested according to the procedure

given in paragraphs 1.7.1. and 1.7.2. of Annex 4 to this Regulation.
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4.6.2. Hot performance

4.6.2.1. On completion of the tests required under paragraphs 4.6.1. and 4.6.2. of this
annex, the hot braking performance test specified in paragraph 1.7.2. of Annex 4 to this
Regulation shall be carried out.

4.6.2.2. The mean braking torque during the above hot performance tests on the linings
being tested for the purpose of comparison shall, for the same input measurement, be
within the test limits 15 per cent*/ of the mean braking torque recorded with the brake
linings conforming to the component identified in the relevant application for vehicle type
approval.

5. Inspection of brake linings

5.1. Brake linings shall be visually inspected on completion of the above tests to check that

they are in satisfactory condition for continued use in normal service.
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