INTERNATIONAL ISO
STANDARD 7634

Third edition
2007-06-01

Road vehicles — Compressed air braking
systems for towed vehicles including
those with electronic braking control
functions — Test procedures

Véhicules routiers — Dispositifs de freinage a air comprimé pour
véhicules remorqués, y compris ceux avec fonctions de commande de
freinage électroniques — Modes opératoires d'essai

Reference number

—/@\— ISO 7634:2007(E)

_\@/_

© SO 2007

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 7634:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office
Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11
Fax + 4122749 09 47
E-mail copyright@iso.org
Web www.iso.org
Published in Switzerland

Copyright International Organization for Standardization © ISO 2007 — All rlghts reserved

Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 7634:2007(E)

Contents Page
0T =311 o T (o v
1 T o - P 1
2 NOIMALIVE rEfErE@NCES ........ciiiiiiieee i rrs s rr e s s s s s s e e e e e s anass s e e ressnnassssreesssnnsnnnsasassrenannn 1
3 B =Y 0 T3 T o e L= T3 14 o 2
4 R0 1] oo =3 OSSPSR 3
5 Test Site CONUITIONS ......coieeeiiiie e e e e e e e a s e na s e e e n s e e anass s e s nnsas e rema s nnnnnnnss 7
5.1 =53 A= 1 = 7
5.2 2o Y= Lo IETW = Lo =38 o o g Lo L1 1 T'o Y o 1 7
5.3 AMDBIENT CONAIIONS ... e rrss s rrea s s rans s s rraass s ransss s aanssssannsssssnnsssssanansssrennnsnnnen 8
6 LT T=Y o T I Yo [UTT (=T =T | RPNt 8
7 Recommended sequeNnCe Of tEStS. ... .o 9
71 Preparation and static checks and tests............coiiiiiiiicciir e 9
7.2 Basic performance tests — UNladen ... e 10
7.3 Antilock braking system/electronically controlled braking system (ABS/EBS) tests —
1 = Lo 1= o 10
7.4 Basic performance tests — Laden.........coooii i iniccccserr s s e s s e e e s nnnnn 10
8 Vehicle Preparation.......... e ssss s s s sssssssssssssssssssssssssssssssssssnnnnnnnnnnnnnnnnn 1
8.1 Documents and bBasiC data .........cciiieeeiiiiieriiiierr s s s e a e e e e e s nn e na e nn e nnnnna e 11
8.2 Braking system condition and bedding .........cccccccirriiiririirrrinrrrrr e ———— 1
8.3 Adjustment of braking eqUIPMEeNt ... e s s mn e e e e nnan 1
8.4 TYre CONAILIONS ... s r e e e e e e e na s ann e e s 12
8.5 TOWING VERICIES ...t s s p e e pan e e ann e e s 12
8.6 INStrumentation — GENEIaAl...... ... e rres s resss s rrea s e ransss srasasssransssssennssnsenannssnren 12
8.7 Provision for failure Simulation.............o i rrees s r s ss s ressa s e sn s s s s anss s sennannsssres 12
8.8 Loading CONItioN.......ccccuiiiiiii i ———— 13
8.9 Additional vehicle to tow the combination of normal towing vehicle and test trailer.................. 13
8.10 Additional instrumentation for ABS equipped trailers ..........cccccceirriiiccciirnires e 13
8.11 Additional instrumentation for trailer with an electric control line ......ccccccccooiiiiiiecccii e 13
9 Energy storage capacity test..........ccccciiiiiiiinirirrrrrrrrrrrrrrrs s e 14
9.1 B =153 Ao 4 Lo 114 T'o Y 1O 14
9.2 QLIS 9 e = LU 14
9.3 LIS 3= e 10T =] 12 =T o 14
9.4 Presentation Of FE@SUILS .........c..iiiiiiiei e rees e e s s s resss s e na s s esnss s eansssseansssssensnssssannnssnren 14
10 Service braking system — Response time measurement............cccccvmiiniinnninn e, 14
10.1 L CT=Y 0 1= - | 14
10.2 Towing Vehicle SIMUIAtOr ..o s 15
10.3 B =15 Ao T 0 Lo 1140 Y 15
T S 1= T3 N o o = o 11 15
10.5 Presentation Of Fe@SUIES .........cciiieeeiiiiiiiie e e re s s s s e e e s s s s s s s e e s e s s nanaa s e s eesnnnnssnnnassssrennnnn 16
11 XU o4 F=Y o o = 1] o' [ 16
12 Brake defect and failure warning signals..........cccccoiiiicccismiiiiic s s 16
121  Antilock braking system warning signal..........cccccocririrrririrrrrrnrrrrrrrrrrrrr s 16
12.2 EBS warning Signal ChECK ... escr s n s sss s s s s s s s smmn e e e e e s e s mnn e e e e e s sn e mnn e e e e nan 16
13 Tests on trailers equipped with spring brake actuators..........cccceevvviieieiescs s ssss e 16
131 = LI o Y T [ e o T 16
13.2 Energy depletion test ....... ... 17
Copyright International Org’:ni;;t‘ign\ f;glr;l::iardiz’\a;iloﬁ:ghts reserved "I

Provided by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale



ISO 7634:2007(E)

13.3  Spring brake actuation test...........coo i e 17
13.4  Auxiliary release system CheCK.........ccccoiiiririririririrrrrrrrrr s s s s s s s s s s s s e e s e s e e e e e s e s 17
14 Dynamometer tests (alternative to vehicle tests) .......cccccceimiiiiccccsr e, 17
L 30 O 7= 1= - | SRS 17
14.2  Alternative type | tests (fade test for trailers of categories Og and O3)......cocerererrrerincrccns 17
14.3  Alternative type lll tests (fade test for category Oy trailers)...........ccooorininins 19
15 Transfer of results of type | or type lll tests to other vehicles ... 21
15.1 1671 4 =T o 21
15.2  Presentation Of reSUILS ...........eiiiiii e 22
16 Control failure of load-sensing device/function — Stationary test............cocceiirriniicccccceeeee, 23
17 Auxiliary equipment failure .......... . 24
18 “Basic performance tests — Unladen ..., 24
18.1 - Type O test (Service braking system cold brake effectiveness).........ccccoovvmrereeersnencscccnn 24
19 * Antilock braking system/electronically controlled braking system (ABS/EBS) tests —
LU 4 =T =Y S SSPRSRSY 26
19.1  Determination of adhesion utilization on high adhesion surface.........cccccccrrreecirricccerrcccceeenes 26
19.2  Determination of the peak coefficient of adhesion on the high adhesion surface....................... 27
19.3  Wheel BEhaVIoUF ... s 30
19.4  SPlit adReSION tESTS ...ocooiiiie e ee e e s 30
19.5 Energy consumption of the antilock braking system (on a high adhesion surface)................... 31
19.6  Antilock braking system failure.............cciicii e 33
19.7  Additional tests on trailers equipped With EBS.............. . 33
20 Basic performance tests — Laden ............ i 34
20.1 Parking braking system tests ... ——————— 34
20.2 Type O test (Service braking system cold brake effectiveness).........ccccoccmvrrriiiccccsceeenninnsccccneeens 37
20.3  Control failure of load-sensing device/function — Road test ............cccovmmiiiiiiccccccccnen s 37
20.4 Type | test (fade test for trailers of categories Og and O3)........ccoerererererecesnc e, 37
20.5 Type lll test (fade test for vehicles of category Og) ... 40
Annex A (normative) Description of test vehicle, axle or brake........ccccccooiiiiiiissccccseerre e 44
Annex B (NOrmative) TeSt FEPOIt....... oo coierieceer e e e e s e e e smn e e s smn e e s smm e e s mn e e e e ame e e e same e e e nmn e e e s enmnas 47
Annex C (informative) FIQUIES ...t s s e s s 50
270 o] e T T o1 V2R 54
Copyright In:;e‘rnational Organization for Standardization © ISO 2007 - A” rlghts reserved

Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 7634:2007(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 7634 was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC 2, Braking
systems and equipment.

This third edition cancels and replaces the second edition (ISO 7634:2003), which has been technically
revised.

A1aA AR Al
Copyright International Organization for Standardization ghtS reserved \4
Provided by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale



Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



INTERNATIONAL STANDARD ISO 7634:2007(E)

Road vehicles — Compressed air braking systems for towed
vehicles including those with electronic braking control
functions — Test procedures

1 Scope

This International Standard specifies the test procedures for testing the operational performance requirements
of towed vehicles of Category O (full trailers, semi-trailers, and centre-axle trailers) as defined in Annex 7 of
the UN-ECE Consolidated Resolution on the Construction of Vehicles (R. E. 3). This includes vehicles fitted
with compressed air braking systems (with and without an antilock braking system or an electronically
controlled braking system), in accordance with UN-ECE Regulation No. 13, 09 series of amendments,
supplements 1 to 6. Test methods covering lock actuators are not included.

The values in square brackets [ ] and the values in the tables are taken from ECE Regulation No. 13 for
information.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 611, Road vehicles — Braking of automotive vehicles and their trailers — Vocabulary

ISO 1176, Road vehicles — Masses — Vocabulary and codes

ISO 3583, Road vehicles — Pressure test connection for compressed-air pneumatic braking equipment

ISO 3833, Road vehicles — Types — Terms and definitions

ISO 7638-1, Road vehicles — Connectors for the electrical connection of towing and towed vehicles — Part 1:
Connectors for braking systems and running gear of vehicles with 24 V nominal supply voltage

ISO 7638-2, Road vehicles — Connectors for the electrical connection of towing and towed vehicles — Part 2:
Connectors for braking systems and running gear of vehicles with 12 V nominal supply voltage

ISO 11992 (all parts), Road vehicles — Interchange of digital information on electrical connections between
towing and towed vehicles

ISO/PAS 12158, Road vehicles — Braking systems — Temperature measuring methods
UN-ECE Regulation No. 13, Uniform provisions concerning the approval of vehicles with regard to braking.

NOTE Regulation 13 is periodically updated through amendments and supplements, with this standard having been
prepared in accordance with the 09 series of amendments including supplements 1 to 6. When using this standard care
should be taken to ensure that changes have not subsequently occurred that effect the test methods or values given.

A AA AAAT AT
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3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in ISO 611, ISO 1176 and
ISO 3833 and the following apply.

31

pneumatic (full air) braking system

braking system in which the control and energy are transmitted from the point of application to the brakes by
pneumatic transmission devices

NOTE Figures C.1 and C.2 show examples of typical full trailer and semi-trailer air braking systems.
3.2

electronic braking system

EBS

braking system in which the control is generated and processed as an electrical signal in the control
transmission

NOTE Electrical output signals control devices which produce actuation forces from stored pneumatic energy.

3.3
categories of ABS

3.31
Category A:
ABS system which meets all the requirements of UN-ECE Regulation No. 13, Annex 13

3.3.2

Category B:

ABS system which meets all the requirements of UN-ECE Regulation No. 13, Annex 13, except paragraph
6.3.2 (no braking rate on split-adhesion surface is prescribed)

3.4
wheel control

3.441
directly controlled wheel
wheel whose braking force is modulated according to data provided by at least its own sensor

3.4.2
indirectly controlled wheel
wheel whose braking force is modulated according to data provided by the sensor(s) of other wheel(s)

NOTE ABS 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.

3.5

ABS - full cycling

state of the antilock system in which the brake force is repeatedly modulated to prevent the directly controlled
wheels from locking

NOTE Brake applications where modulation only occurs during the stop are not considered to meet this definition.
3.6
laden trailer

trailer laden so as to reach its total maximum design mass (ISO 1176 code: ISO-M07)

n .
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NOTE In the case of semi-trailers and centre-axle trailers being road tested, the loading may be such that the
maximum design load per axle (ISO 1176 code: ISO-M11) is reached without loading the fifth wheel for semi-trailers or the
mechanical coupling for centre-axle trailers. However, for the testing of the parking braking system (see 20.1) the loading
on the fifth wheel or mechanical coupling in the case of semi-trailer and centre-axle trailers is included.

3.7

unladen trailer

trailer at its shipping mass (ISO 1176 code: ISO-M05) minus spare wheel(s) and spare wheel carrier(s) and
other optional items, plus the mass of the required instrumentation (see 8.6, 8.10 and 8.11)

3.8

electric control line

electrical connection between an electronic braking system equipped power-driven vehicle and an electronic
braking system equipped trailer which provides the braking control function to the trailer

NOTE It comprises the electrical wiring and connector and includes the parts for data communication and the
electrical energy supply for the trailer control transmission.

4 Symbols

For the purposes of this International Standard, the symbols given in Table 1 apply.

Table 1 — Symbols

Symbol used
Symbols Unit?@ Description in ECE Reg.
No. 13
C Nm Brake camshaft input torque C
Cc’ Nm | Converted camshaft input torque (reference paragraph 15.2.3.4)
C, Nm | Threshold camshaft input torque (i.e. minimum camshaft torque (0N
necessary to produce a measurable braking torque)
Cadm Nm [ Technically admissible camshaft input torque at a pressure in the
brake actuator lower than the maximum pressure (reference
paragraph 15.2.3.3)
Crnax Nm | Maximum technically admissible camshaft input torque C max
E m Wheelbase E
Eg m Distance between kingpin and centre of axle or axles of semi-trailer Eg
(or distance between drawbar coupling and centre of axle or axles of
centre-axle trailer)
e Index to indicate the reference axle e
£ Adhesion utilization of the trailer €
£l & value on the high adhesion surface EH
&L & value on the low adhesion surface gL
Fp N Average output thrust of one brake actuator at a pressure p,
corresponding to p,, = 0,65 MPa (= 6,5 bar)
Fp N Converted brake actuator output thrust (to allow for difference
between p,, and p,) (reference paragraph 15.2.3.4)
Fpo N Threshold brake actuator output thrust (i.e. minimum output thrust
necessary to produce a measurable braking torque)
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Table 1 (continued)

Symbol used
Symbols Unit @ Description in ECE Reg.
No. 13
Fpadm N Maximum technically admissible brake actuator output thrust at a
pressure in the brake actuator lower than the maximum pressure
(reference paragraph 15.2.3.3)
Famax N Maximum technically admissible brake actuator output thrust
Fg N Braking force at the periphery of the wheel(s) (if no other indication is T
given)
Fga, Braking force resulting at the periphery of the wheel(s) for hot braking T
Fgar N Sum of braking forces resulting at the periphery of all wheels of the Tr
trailer for hot braking
Fgp, N Braking force at the periphery of the wheel(s) for heating the brake(s)

Fgr N Sum of braking forces at the periphery of all wheels of the trailer Tr
For N Braking force of the trailer with the antilock system inoperative For
ForaL N Braking force of the trailer with the antilock system operative ForaL

FyraLs N Fyra On split adhesion surface
Formax N Maximum value of F 5 Formax
Feyg N Total normal reaction of road surface on those axles of the motor Feg
vehicle and trailer combination which are both unbraked and driven
Feng N Total normal static reaction of road surface on those axles of the Feng
motor vehicle and trailer combination which are unbraked yet non-
driven
Fayn N Normal dynamic reaction of road surface on the trailer axles, with the Fayn
antilock system operative
Fiayn N Fgyn ON front axle of a full trailer Ftayn
F, N Normal static reaction of road surface on axle i P, F,
Figyn N Fgyn ON axle i of a full trailer Figyn
Fy N Normal static reaction at a tractor fifth wheel on semi-trailer kingpin, or
at mechanical coupling of a towing vehicle on the drawbar of a centre-
axle trailer
F N Longitudinal force on a mechanical coupling D
Fy N Total normal reaction of road surface on all wheels of the motor LYRIY
(towing) vehicle
Fud N Total normal static reaction of road surface on the unbraked, driven Fua
axles of the motor (towing) vehicle
Fund N Total normal static reaction of road surface on the unbraked, non- Fuvng
driven axles of the motor (towing) vehicle
Fg N Total normal static reaction of road surface on all wheels of the trailer Pg Fgr
Frp N Normal dynamic reaction of road surface on all braked wheels of the P,
trailer
FRayn N Normal dynamic reaction of road surface on all wheels of a semi- Figyn, Frayn
trailer or a centre-axle trailer
Copyright Infernational Organization for Standardization © ISO 2007 — All r|ght3 reserved
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Symbol used
Symbols Unit @ Description in ECE Reg.
No. 13
Fru N Total normal static reaction of road surface on all unbraked wheels of P,
the trailer
Frayn N Fyyn ON rear axle of a full trailer
Fiym N Rolling resistance of the motor (towing) vehicle: Fiwm
0,01 Fyyq + 0,015 Fyq
g m/s? | Acceleration due to gravity G g
hp m Height of drawbar (hinge point on trailer) hp
hy m Height of fifth wheel coupling (kingpin) hy hg
hg m Height of centre of gravity of the trailer hg
k Coefficient of adhesion between tyre and road k
K Correction factor, semi-trailer laden ? K,
ke k-factor of one front axle
ky k-factor for high adhesion surface ky
k. k-factor for low adhesion surface k.
koeak Peak k-factor Koeak
ky k-factor of one rear axle k.
kg k-factor of the trailer kg
1 m Lever length I
Py Pr kg Mass of the individual motor vehicle / trailer P
DA bar | Pressure in brake actuator(s)
Pm bar |Pressure in the trailer control line Pm
DPres bar |Pressure in the energy reservoir(s) of the service braking system of
the trailer, when the control device of the service braking system is
fully applied for the first time
P'res bar Pressure in the energy reservoir(s) of the service braking system of
the trailer, when the control device of the service braking system has
been fully applied 9 times
Ds bar Pressure in the trailer supply line
R mm | Dynamic tyre rolling radius R
R mm | Static tyre radius
"BD mm | Normal effective radius of brake drum or disc R
Sa mm | Stroke of brake actuator
Sap mm | Stroke of brake actuator at which output thrust is 0,9 7, Sp
Sre-adjust mm  [Automatic brake adjustment device re-adjustment stroke (at an Sre-adjust
actuator pressure of 1 bar)
Copyright Interational Organization for Standardization ghts reserved 5
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Table 1 (continued)

Symbol used
Symbols Unit @ Description in ECE Reg.
No. 13
t s Time interval t
tm s Mean value of ¢ to
Tmin s Minimum value of ¢ tmin
v km/h [ Vehicle speed v
Vair km/h | Velocity of cooling air flow Vair
v km/h | Final vehicle speed at the end of braking test )
Vs km/h [ Vehicle speed at beginning of braking test v, Vy
z Braking rate [total braking force of vehicle divided by the normal static z
reaction of road surface (can be calculated for the whole vehicle, a
single axle or a single wheel)]
z, Achieved braking rate
ZaA Achieved braking rate of an axle, evaluated by calculation
Zae Achieved braking rate of the vehicle combination g +M
ZaR Achieved braking rate of trailer, evaluated by calculation
ZBaR Calculated braking rate of vehicle with hot brakes
Zg Braking rate of vehicle combination with the trailer only braked and Ze
the antilock system inoperative (towing vehicle engine disconnected)
ZoAL Braking rate of vehicle combination with the trailer only braked and ZoaL
antilock system operative
ZGALS zcaL On the split-adhesion surface
ZGmax Maximum value of z ZGmax
Zhae Braking rate resulting from Fg_
Zhe Braking rate resulting from Fg .
Zow Braking rate for one wheel
Zpaw Hot braking rate for one wheel
ZphR Braking rate for heating the brakes of the trailer
Z0R Trailer service braking rate
ZRAL Braking rate of the trailer obtained by calculation from z
ZRALH zgaL ON the high friction surface ZRALH
ZRALL zgaL ON the low friction surface ZRALL
ZRALS zgaL ON the split-surface ZRALS
z Total braking rate as a result of rolling resistance °© R
@ In accordance with ISO 31-3:1992. Quantities and units-Part Mechanics.
b See UN-ECE Regulation No. 13 Annex 10, diagram 4B.
¢ Valueis 0,01 (see UN-ECE Regulation No. 13 Annex 4, sub-clause 1.4.4.3).
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NOTE For some calculations, additional indices as listed below may be used:
— subscripts 4 , 5 etc., indicate axles no. 1, no. 2, no. 3, etc., respectively;
— lorlllindicate the fade test type (type | or lll test respectively);

— ¢ indicates the reference axle for the calculation of the values for the axle i;

— orindicates a front or rear axle.

5 Test site conditions

5.1 Test site
The test site should be of sufficient size, without obstacles, to provide a safe testing environment.

The test site shall have a road of sufficient length prior to the test area to enable the test speeds to be attained.
The test area should be of sufficient length to allow for poor braking performance and sufficient width to allow
for poor directional stability under braking.

5.2 Road surface condition

5.2.1 Surface

5211 The test area shall be a dry, smooth, hard-surface free of loose material providing a peak

coefficient of adhesion (kpeak) of about [0,8].

5.21.2 Additionally, for the testing of trailer(s) equipped with an antilock braking system of category A, a
surface providing a kpeak of [0,3] or less is needed. It shall be preceded and followed by a surface according to
5.2.1.1 of sufficient length on the approach side to enable the test speeds to be attained.

NOTE Until such test surfaces become generally available, tyres at the limit of wear, and higher values up to [0,4]
may be used. The actual value obtained and the type of tyres and surface shall be recorded.

For testing trailers fitted with antilock braking systems of category A, it is also necessary for a low adhesion
.surface (& ) to have a high adhesion surface (ky) on at least one side to enable the split-adhesion tests to be
“performed. Both surfaces shall be sufficiently wide to be able to determine the peak coefficients of adhesion
‘separately.

‘The above described surfaces shall be such that ky is equal to or greater than [0,5] and k divided by & is
sequal to or greater than [2]. If any doubt arises that this requirement is met, it is necessary to ascertain the

peak coefficients of adhesion by using the procedure detailed in 19.2. It is always necessary to measure the
peak coefficients of adhesion when testing a trailer fitted with an antilock braking system of category A.

5.2.2 Gradient

5.2.21 The road surface shall be substantially level; a tolerance of +1 % average gradient, measured
over a minimum distance of 50 m, is allowed.

5.2.2.2 Type | and type lll tests may be conducted on a specified gradient or on a level road as specified
in 20.4.4 (type 1) and 20.5.4 (type IlI).

5.2.2.3 The parking braking system/hill holding test may be conducted on an appropriate gradient or on a
level road as specified in 20.1.2.3.

5.2.3 Camber

The camber (transverse gradient) across the road surface should not exceed 2 %.

A1aA AR Al
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5.3 Ambient conditions

5.3.1 Wind speed

The tests must be performed, when there is no wind liable to affect the results. The wind speed however shall
not exceed an average of 5 m/s.

5.3.2 Air temperature

The air temperature shall be recorded in the test report.

6 General requirements

6.1 The general test conditions to be followed during the determination of braking performance are listed
below:

— motor vehicle and trailer combination speed (as defined in paragraph 6.11);

— without exceeding the maximum permissible control force/pressure;

— without wheel-locking, except immediately before stopping unless specifically allowed;

— without deviation of the motor vehicle and trailer combination from its course;

— loading condition: unless otherwise specified, all tests should be carried out with the trailer unladen.

6.2 During all phases of the following test procedures, any unusual braking performance characteristics
and/or motor vehicle and trailer combination behaviour, e.g. course deviation or abnormal vibration, shall be

observed and reported.

6.3 Deceleration measurements used in the following test procedures, unless otherwise stated, refer to the
“mean fully developed deceleration” as defined in UN-ECE Regulation No. 13, Annex 4, paragraph 1.1.2.

6.4 Tests may be carried out under adverse conditions to avoid delays, but with due consideration for
safety. Such adverse conditions shall be reported. Any failed tests under such conditions shall be repeated
under the correct conditions, but not all tests need necessarily be repeated.

6.5 The recommended sequence of the tests is listed in Clause 7.

6.6 Re-testing in the course of carrying-out the full test procedure is to be avoided, although one or two
extra stops are unlikely to prejudice subsequent test results.

6.7 Full or partial re-tests, after a failed test or to test alternative braking system components, shall again
follow the recommended order (reference Clause 7), and with particular emphasis on the trailer preparation
and bedding-in procedures.

6.8 Control force/pressure shall be applied rapidly, but without significant overshoot, and then be
maintained constant during the stop (if not otherwise specified). The use of adjustable pressure regulating
devices is recommended.

6.9 Skilled test drivers should be used who shall familiarize themselves with the optimum trailer braking
performance without wheel-locking, except immediately before stopping, and without course deviation.

6.10 Unless otherwise stated, all braking tests shall be carried out with cold brakes, i.e. when the initial
temperature of the hottest brake measured on the disc or on the outside of the drum is lower than [+100] °C.

o .
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: 6.11 The speed of the motor vehicle and trailer combination before actuating the braking system control shall
be stabilized at a level not less than 98 % of the prescribed speed for the test in question unless there is any
other overriding requirement.

6.12 If the semi-trailer, centre-axle trailer or full trailer is equipped with a load-sensing device/function, the
tests relating to the failure of its control as detailed in 16 and 20.3 are deemed to be equivalent and the
manufacturer may choose which test is to be carried out.

6.13 The pressure p, in the trailer supply line at the start of each test, shall be [7] bar and the trailer control
line pressure p,,, at each full service brake application shall not exceed [6,5] bar.

The energy depletion test of Clause 9 has special extended limits of: pg = [8,5] bar and p,,, = [7,5] bar.

6.14 To enable the brake response time to be measured, a simulator(s) representing a standard towing
vehicle is required (reference Clause 10). A pneumatic control line simulator is required for all trailers together
with an electric/pneumatic simulator if the trailer is also equipped with an electric control line. (At the present
time, UN-ECE Regulation No. 13 does not allow trailers with only an electric control line.)

7 Recommended sequence of tests

7.1 Preparation and static checks and tests

See Table 2.
Table 2 — Preparation and static checks and tests
Reference_to this Reference to
No. Test Status International ECE R 13.09
Standard
1 Vehicle preparation (documents, — 8 §1-4,5114, A2,
instrumentation, bedding, etc.) A17, A18
2 Capacity of energy storage devices static 9 A7§1.3
3 Response time static 10 A6 §3.1-35
5 Automatic braking static 11 5.2.1.18.4.2,
A4§3.3
6 Brake defect and failure warning static 12 5.2.1.29.2,
signals A13§4.1,411,
412,A178§4.222
7 Spring brake system static 13 A8§24,25
8 Dynamometer test - type | 14.2 A11-App2
9 Dynamometer test - type I 14.3 A11-App2
10 Transfer of type | and type Il test 15 A11
results to other trailers
11 Load-sensing device/function control static 16 A108§ 1.1,
failure A10§6
12 Auxiliary equipment failure static 17 5.2.214
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7.2 Basic performance tests — unladen

See Table 3.
Table 3 — Basic performance tests — Unladen
' Reference to this Reference to
No. " Test Status International ECE R 13.09
Standard
1 Type O test Motor veh./trailer 18 A4§144

7.3 Antilock braking system/electronically controlled braking system (ABS/EBS) tests —

unladen

See Table 4.

Table 4 — Antilock braking system/electronically controlled braking system (ABS/EBS) tests —

Unladen
.R eference_to Reference to
No. Test Status this International ECE R 13.09
Standard
1 Adhesion utilization on high adhesion Motor veh./trailer 19.1 A13§6.2
2 Determination of & peak Motor veh./trailer 19.2 A13-App.2§2
3 Wheel behaviour test Motor veh./trailer 19.3 A13 §6.3.1,
A13§6.3.3
4 Split adhesion test Motor veh./trailer 19.4 A13§6.3.2
5 Energy consumption Motor veh./trailer 19.5 A13§6.1
6 Antilock braking system failure static 19.6 A138§4.3
7 Additional tests with EBS Motor veh./trailer 19.7 222195221 5.2,

7.4 Basic performance tests — Laden

See Table 5.
Table 5 — Basic performance tests — Laden
Reference to this Reference to
No. Test Status International ECE R 13.09
Standard

1 Parking braking system test static 201 A4§32

2 Type O test Motor veh./trailer 20.2 A4§144

3 Load-sensing device/function control Motor veh./trailer 20.3 A10§ 1.1,

failure A10§6
4 Type | test (fade test) Motor veh./trailer 20.4 A4§152-4
5 Type lll test (fade test) Motor veh./trailer 20.5 A48§17
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8 Vehicle preparation

8.1 Documents and basic data

NOTE The control of the data as per the definitions in 3.3 is also an integral part of the vehicle preparation.

The vehicle shall be verified based upon the documentation as follows:

a) Main technical data according to Annex 2 of UN-ECE Regulation No. 13;

b) Piping diagram, layout and list of the elements of the braking system;

c) Braking system performance calculation according to Annex 10 of UN-ECE Regulation No. 13, including:

— compatibility diagrams: the relationship between p,,, (also digital equivalent if applicable) and braking
rate zyg; for vehicles with an antilock braking system, this is only required to cover the laden state;

— adhesion utilization curves (only for full trailers without an antilock braking system);

— for semi-trailers with K less than [0,8] evidence that ZpR is at least [0,45];
— for full trailers and centre-axle trailers evidence that ZpR is at least [0,5];

d) Documentation according to Annex 18 of UN-ECE Regulation No. 13, if the vehicle is equipped with EBS.
This documentation includes an explanation of design provisions guaranteeing compliance with all
relevant parts of UN-ECE Regulation 13 (paragraph 5.2.2 and the appropriate sub-paragraphs) which
deal with the special requirements for brake force compensation and for EBS. This documentation may
also indicate the worst case failures for EBS.

e) Report/approval of electromagnetic compatibility (EMC) (in accordance with UN-ECE Regulation No. 10,
02 series of amendments) if the vehicle is equipped with an ABS or EBS.

f)  Report that the vehicle has been satisfactorily tested to the method described in Annex 17 of UN-ECE
Regulation No. 13, if the vehicle is equipped with an electric control line.

8.2 Braking system condition and bedding

8.2.1 The braking system components shall be new, or capable of functioning as if new, and within the
vehicle manufacturer’s specifications.

It is recommended to measure individual brake forces on a roller test bench prior to the braking performance
tests.

8.2.2 The brake linings shall be bedded. Until a uniform procedure is established, the bedding of the service
and parking brake linings should be carried out according to the manufacturer's recommendations.

The brake linings may be regarded as bedded if at least 80 % of their surface contacts with the brake drums
or discs. Neither glazed nor burned or damaged surfaces are acceptable.

8.3 Adjustment of braking equipment

Adjustable brake components shall be set according to the vehicle manufacturer's recommendations.
Re-adjustment of the brakes, including automatically adjusted brakes, in accordance with the vehicle
manufacturer’s recommendations, may be made prior to each specific test.
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8.4 Tyre conditions
8.4.1 The tyres shall be inflated to the vehicle manufacturer's recommended pressure levels.

8.4.2 It is recommended that the tyre tread wear should not exceed 50 % of the new condition, and that
totally new tyres are not used.

8.5 Towing vehicles

8.5.1 Vehicle choice
To carry out the road tests, a towing vehicle is needed. The ratio of the mass of this towing vehicle to the
mass of the full trailer, semi-trailer, or centre-axle trailer to be tested should be as small as practical. In

addition, the braking rate of this towing vehicle, in relation to the pressure p,, in the trailer control line, shall
comply with the requirements of UN-ECE Regulation 13, Annex 10, paragraph 3.1.3.

8.5.2 Towing vehicle preparation

The towing vehicle shall be prepared such that, when coupled to the test vehicle, it is possible to brake the
test vehicle alone or to brake both vehicles and measure the longitudinal force /| on the mechanical coupling.

8.6 Instrumentation — General

The towing vehicle and trailer shall be prepared for testing by the addition of the following instruments and/or
calibration of existing standard instruments, as required:

— control force gauge for measuring the force required to apply the parking braking system;

— coupling force measurement system. Required for types | and Ill road tests, and if tests according to
paragraph 18.1.1.2 are carried out, and should include an information display for the benefit of test
personnel;

— decelerometer;

— speed measuring device or calibrated speedometer. (For ABS equipped trailers, refer to paragraph 8.10);

— brake temperature indicating system (see ISO/PAS 12158 for recommendations on brake temperature
measurement methods);

— response time measurement system, in conjunction with a towing vehicle air system simulator (see
Figures C.3 and C.4);

— line pressure gauges and pressure transducers to measure and record, where necessary, reservoir,
control line and actuator pressures;

— pressure test connections complying with ISO 3583, for checking the setting of load-sensing devices, the
capacity of the energy storage devices (see Clause 9) and the response time (see Clause 10).

Other instruments may be useful in providing accurate data, but care shall be exercised to ensure that
instruments added to the standard vehicle braking equipment do not significantly affect the braking system
performance.

8.7 Provision for failure simulation

8.7.1 The vehicle shall be equipped with the necessary added devices, piping and wiring as agreed with the
vehicle manufacturer to provide the required failure simulations.
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Such added devices, piping and wiring shall not interact with the standard vehicle braking equipment such as
to significantly affect the intact system performance or introduce side-effects in the failed case.

8.7.2 In the pneumatic part of the braking system, a failure should correspond to an uncoupled pipe.
8.7.3 In the electric part of the braking system, a failure should generally correspond to a disconnection, but
a short circuit or a ground connection may be specified by the manufacturer in certain instances. This may be

done by using prepared components or sections of wiring.

8.7.4 Fault conditions should be removed after the appropriate test has been conducted and the correct
operation of the braking system should then be verified.

8.8 Loading condition

The loading condition of the towing vehicle, the trailer, the test axle or of the test wheel shall be that indicated
in each test procedure.

Mass distribution on the axles shall be that which is stated by the trailer manufacturer. In the case of several
possible mass distribution patterns, the distribution of the load among the axles is proportional to the
maximum permissible mass for each axle.

For identification purposes of the trailer, test axle, or test brake, and for the purpose of test result transfer to
other trailers or axles as in section 15, the data listed in Annex A shall be recorded.

Each axle shall be weighed and the results recorded prior to the test, or if previously weighed, the load and
load positions are also to be recorded so that the loading condition can be reproduced.

8.9 Additional vehicle to tow the combination of normal towing vehicle and test trailer

An additional towing vehicle may be required for the type | or the type lll heating test (see 20.4.4.2 and
20.5.4.1.2). This additional vehicle needs no special instrumentation.

8.10 Additional instrumentation for ABS equipped trailers
Additional instrumentation for ABS equipped trailers includes:

— vehicle speed measuring equipment capable of producing a permanent record of speed and time during
braking;

— suitable equipment to ascertain when and for what period the wheels, directly controlled by the antilock
braking system, actually lock during the test;

— suitable valves and regulators to enable the supply to the trailer energy reservoir to be cut off (without
venting the trailer supply line) and to allow the trailer brakes to be operated without a corresponding
operation of those on the towing vehicle; the installation shall be such that it is possible to operate the
service braking system a number of times with both maximum and reduced control line pressures;

— suitable pressure regulators to enable the pressure to a braked wheel to be adjusted individually (see
19.2.1.2).

8.11 Additional instrumentation for trailer with an electric control line

A device(s) that enables a digital and a pneumatic control line signal to be generated independently of each
other.
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9 Energy storage capacity test

9.1 Test conditions

The pressure in the reservoir(s) shall correspond to pg = [0,85] MPa (= 8,5 bar) in the supply line (see 6.13).

The reservoir(s) of auxiliary equipment shall be isolated. The load-sensing device(s)/function(s), if installed,
shall be in a position/status corresponding to the laden vehicle.

9.2 Test procedure
9.2.1 Shut the supply line without venting it (to avoid automatic application of the braking system).

Pressurize the service braking system of the trailer with a pressure of [0,75] MPa (= 7,5 bar) via the control
line. During this application, measure and record the pressure p, in the trailer braking system reservoir(s).

9.2.2 Release and repeat a further eight full applications and releases. Allow at least 10 s to elapse
between the start of each application and measure the finial pressure in the reservoir(s). Check that, on
release, no automatic or parking brake actuation has occurred and the wheels turn freely.

In the event of the trailer also having an electric control line, ensure that a digital demand value corresponding
to [0,75] MPa (= 7,5 bar) is present at each brake application.

9.3 Test requirement

The pressure in the reservoir(s) when the control device is fully applied for the 9th time (1 + 8 times), p' ¢,
shall be greater than or equal to [0.5] pgs-

9.4 Presentation of results
The following details shall be recorded:

a) the pressure in the reservoir(s) when the control device is fully applied for the first application, (p,gs);

b) the pressure in the reservoir(s) when the control device is fully applied for the ninth time, (p',¢s)-

10 Service braking system — Response time measurement

10.1 General

The response time of a motor vehicle and trailer combination is the time that elapses between the initiation of
brake pedal application in the towing vehicle to the moment when the pressure p, in the least favourably
placed brake actuator of the trailer reaches [75] % of its asymptotic value.

As the vehicles forming any typical combination are tested separately, a simulator shall be used to represent a
standard towing vehicle when the trailer is being tested:

— in case of a trailer having a pneumatic control line, a simulator corresponding to 10.2.2 shall be used;

— in case of a trailer having an electrical control line, the response time of the digital demand value
according to ISO 11992 (all parts) shall also be measured by using a simulator as documented in
UN-ECE Regulation No. 13, Annex 6, paragraph 3.4 (see Figure C.4).
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10.2 Towing vehicle simulator

10.2.1 In the case of a pneumatic control line, the simulator shall have the pneumatic characteristics
specified in paragraphs 10.2.2 and 10.2.3.

In the case of an electrical control line, the simulator shall have the characteristics specified in UN-ECE
Regulation No. 13, Annex 6, paragraph 3.4 (see 8.1.6).

10.2.2 The simulator shall have a reservoir with a capacity of [30] litres which shall be charged to a pressure
of 0,65 MPa (= 6,5 bar) before each test; it shall not be recharged during the test. At the outlet of its braking
control device, the simulator shall have fitted an orifice with a diameter of between [4] mm and [4,3] mm
inclusive or an equivalent adjustable throttle device.

The volume of pipe measured from the orifice up to and including the coupling head shall be [385 + 5] cm3
(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 [0,65] MPa (= 6,5 bar). The control line pressure p,, referred to in 10.2.3 shall be
measured immediately downstream of the orifice or the adjustable throttle if one is used.

10.2.3 The simulator shall be set, for example through the choice of orifice in accordance with 10.2.2, in such
a way that if a reservoir of [385 + 5] cm3 is joined to its control line coupling head, the time taken for the
pressure pm to increase from [0,065] MPa (= 0,65 bar) to [0,49] MPa (= 4,9 bar) (10 % and 75 % respectively
of the normal pressure of [0,65] MPa (= 6,5 bar)) shall be [0,2 + 0,01] s. If a reservoir of [1155 + 15] cm3 is
substituted for the first reservoir, the time taken for the pressure p, to increase from [0,065] MPa (= 0,65 bar)
to [0,49] MPa (= 0,49 bar) without further adjustment shall be [0,38 + 0,02] s. Between these two pressure
values, the pressure shall increase approximately linearly. These reservoirs shall be connected to the coupling
head without using flexible pipes and the connection shall have an internal diameter of not less than [10] mm.

NOTE Figure C.3 gives an example of the correct configuration and use of the simulator for a pneumatic control line
and Figure C.4 gives an example of the configuration for an electrical control line.

10.3 Test conditions

10.3.1 The pressure pg in the supply line shall be [0,65] MPa (= 6,5 bar).The pressure pg in the supply Iinef
shall be [0,65] MPa (= 6,5 bar).

10.3.2 The response time of the service braking system shall be measured at the pipe connection of the
brake actuator, which has the least favourable response time.

10.3.3 Load-sensing devices/functions, if installed, shall be in the position/status corresponding to the laden
vehicle.

10.4 Test procedure

10.4.1 Connect the simulator to the trailer and pressurize the supply line p, to [0,65] MPa (= 6,5 bar).
10.4.2 Determine the asymptotic values of the pressure p, in the brake actuators.

10.4.3 Measure the time elapsing between the moment when the pressure p,,, or its digital equivalent,
produced in the control line by the simulator, reaches [0,65] MPa (= 6,5 bar) and the moment when the
pressure p, in the brake actuator of the trailer reaches [75] % of its asymptotic value.

The time, rounded to the nearest tenth of a second, shall not exceed [0,4] s. If the figure representing the
hundredth of a second is five or more, the value shall be rounded up to the next higher tenth.

NOTE 1 The maximum allowable measured value is 0,4499 s.

NOTE 2 In the case of a trailer equipped with both a pneumatic and an electric control line, the response time is
determined independently for each control line.
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10.5 Presentation of results

Record the time measured in 10.4.3.

11 Automatic braking

Simulate a failure in the supply line flexible connection between towing vehicle and trailer by reducing the
pressure pg in the supply line from [0,65] MPa (= 6,5 bar) at a rate of at least [0,1] MPa (= 1 bar) per second,
and check that there is an initial pressure rise in the brake actuators before p falls to [0,2] MPa (= 2 bar). The
pressure attained in the brake actuators shall be such as to generate a braking rate of z,z at least equal to
[0,135] for the laden trailer at a speed of 40 km/h.

If the trailer has both pneumatic and electric control lines, automatic braking may be suppressed even if the
pressure pg is reduced provided the pressure in the trailer reservoir(s) is sufficient to ensure a braking rate of
zgR at least equal to [0,135] for the laden vehicle with the electric control line being electrically connected.
When the automatic braking function is suppressed, check that trailer service braking system achieves a

braking rate of z, at least equal to [0,135] for the laden vehicle when supplying a full control signal via the
electric control line of [33280d = 0,65 MPa (= 6,5 bar)].

12 Brake defect and failure warning signals

12.1 Antilock braking system warning signal

12.1.1 Verify that the antilock braking system includes provisions to activate an optical warning in towing
vehicles via pin 5 of the ISO 7638-1 and ISO 7638-2 and the electrical connector.

Check that the warning signal will become active:

— when there is an electrical break in the supply of electricity to the antilock system, in the wiring external to
the antilock system controller(s) or modulator(s), or a sensor malfunction;

— when the trailer antilock braking system is energised and that it is extinguished after a verification phase,
only if none of the above-mentioned defects are present.

In addition, check during the verification phase (before the warning signal goes out) that all electrically
controlled modulator valve(s) cycle at least once.

NOTE With no defect present the warning signal may become active again, provided that it is extinguished before the
trailer.reaches a speed of 15 km/h.

12.2 EBS warning signal check

The fulfiiment of the requirements for EBS warning signals is shown by the conformity to UN-ECE Regulation
No. 13, Annex 17 (see paragraph 8.1.6).

13 Tests on trailers equipped with spring brake actuators

13.1 Initial conditions
The brakes are adjusted as closely as possible.

The wheels are chocked to ensure that the trailer does not roll when the spring brake actuators are released.
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13.2 Energy depletion test

13.2.1 Pressurize the trailer supply line to [0,75] MPa (= 7,5 bar) and disconnect the supply line. Use the
appropriate control device mounted on the trailer (e.g. shunt valve) to apply pressure (to, for example, the
relay emergency valve) so as to release the automatic application of the brake (emergency brake).

Use the appropriate control device mounted on the trailer (parking brake control valve), to fully apply and
release the spring brake actuators [3] times. Allow at least 10 s to elapse between the start of each application
and the start of the following release.

13.2.2 After the third spring brake actuator release cycle, the wheels to which spring brake actuators are
fitted shall still be free to rotate.

13.3 Spring brake actuation test

Pressurize the trailer supply line so as to have [0,7] MPa (= 7 bar) in the spring brake actuator spring hold-off
chamber and then shut off the supply line without venting it (to avoid automatic brake application).

Fully apply and release the service braking system of the trailer via the control line [4] times, allowing at least
10 s to elapse between the start of each application and the start of each following release. For these
applications, the load-sensing device(s)/function(s), if installed, shall be in the position/status corresponding to
the laden vehicle.

After the fourth brake release, measure the pressure in the spring hold-off chamber and verify that the wheels
are free to rotate. Reduce the pressure by creating a leak condition, and record the value at which the spring
brake actuators begin to cause the generation of a braking torque making the wheel difficult to rotate.

This pressure shall be less than the pressure in the spring hold-off chamber after the fourth release of the
service braking system.

13.4 Auxiliary release system check

Check that it is possible, by mechanical or pneumatic means, to release the spring brake actuators from the
brakes applied condition when the normal release system is no longer functional.

14 Dynamometer tests (alternative to vehicle tests)

14.1 General
The tests in 14.2 and 14.3 represent the reference axle tests referred to in Clause 15. If such reference axle

tests have already been passed, check under the conditions of paragraph 15.2.3 if the results of the reference
axle tests are transferable to the test trailer. In this case, no new type | or type lll tests need be carried out.

14.2 Alternative type | tests (fade test for trailers of categories O, and O3)

If, instead of a road test as in 20.4, an alternative type | test is chosen, this shall be carried out on a complete
brake, wheel and tyre on a high speed rolling road dynamometer or on an inertia dynamometer.

The test comprises a cold effectiveness test followed by a heating phase and a hot brake test, finishing with a
free running test.

14.2.1 High speed rolling road dynamometer test

This dynamometer shall have sufficient motor drive power to drive the wheel against the braking action to
accomplish the following tests.
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14.2.15;1 The wheel shall be loaded as defined by the manufacturer.

14.2.1.2 The braking time for the cold effectiveness test in accordance with 14.2.3.1 and for the following
test with hot brakes in accordance with paragraph 14.2.3.3 shall be [1] s after an allowed build-up period not
exceeding 0,6 s.

NOTE This limitation of the braking time is necessary because with the usual test machines, this test is made against
the driving power of the machine motor.

14.2.2 Inertia dynamometer test

14.2.21 To conduct the basic inertia dynamometer test in accordance with 14.2.3.1 and the following hot
brake test in accordance with 14.2.3.3, the test machine shall have a rotary inertia simulating a set part of the
vehicle mass inertia. This part shall be that mass which creates the wheel load acting on the test wheel as
defined by the manufacturer.

14.2.2.2 The inertia mass may be connected to the brake either directly, or via the tyre and wheel.

14.2.2.3 Where the tyre does not carry the braking forces, the torque applied to the brake shall be
modified by subtracting a torque equivalent to a rolling resistance braking rate z, of [0,01].

14.2.3 Test procedure

14.2.3.1 Cold effectiveness test

A cold effectiveness test for the purposes of comparison with the hot brake test shall be carried out before
starting the heating phase.

Apply the brake three times from an initial speed corresponding to a road speed of [40] km/h, each for a
period of approximately [2] s. Each stop shall be made at the same brake actuator pressure p, as would
produce, by calculation, that output which would generate a laden braking rate zy of at least 0,5. Pressure pp
shall not exceed [0,65] MPa (= 6,5 bar) and the initial brake temperature on each stop shall be approximately
equal and not more than [100] °C.

The average braking rate of these three stops shall be recorded as the braking rate of the test.

14.2.3.2 Heating phase

The required energy input to the brake is made, from the motor of the dynamometer, at a constant speed
equivalent to [40] km/h for a distance of [1700] m with a constant braking rate of [0,07]. For those cases where
during the test there is no tyre rolling resistance, the braking rate shall be reduced to [0,06].

Cooling air at a velocity and in a direction to simulate the actual on-vehicle conditions may be provided. The
speed of air flow, v, used shall be no faster than [13,2] km/h and the cooling air shall be at the ambient
temperature.

14.2.3.3 Braking efficiency test with hot brake

This test shall be carried out under the same conditions as for the cold effectiveness test in accordance with
paragraph 14.2.3.1 and particularly with the same pressure p, in the brake actuator as recorded for that test.

Wheel speed build-up for this test shall commence within [60] s after the end of the heating phase of 14.2.3.2
and braking shall start as soon as a speed equivalent to [40] km/h is reached.
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This test shall give a braking rate which fulfils the two following conditions:
a) itreaches at least [60] % of the braking rate of the cold effectiveness test of 14.2.3.1, and;

b) the braking rate ZpaW obtained from this test shall be equal to or greater than [0,36].

14.2.4 Free running test — Automatic brake adjustment device

If an automatic brake adjustment device is fitted, e.g. an automatic slack adjuster, check that one of the
following conditions is fulfilled:

a) itis possible to rotate the wheel by hand when the brake is cold at a temperature of < [100] °C;

b) at a constant speed equivalent to v = [60] km/h with the brake released the asymptotic temperature does
not exceed a drum/disc increase of [80] °C.

14.2.5 Presentation of results

The following details shall be recorded:

a) measured braking force produced by the brake in both the cold effectiveness and the hot brake tests;
b) calculated braking rate produced by the brake in the cold effectiveness and hot brake tests;

c) test machine type (see 14.2.1 and 14.2.2);

d) brake actuator pressure p, used in the cold effectiveness and hot brake tests;

e) time elapsed between the end of the heating phase and the start of braking with the hot brake.

Further results should be recorded as required for the Annex B test report.
14.3 Alternative type lll tests (fade test for category Oy trailers)

14.3.1 General

ilf, instead of a road test as in 20.5, an alternative type Il test is chosen, this shall be carried out on a complete
brake, wheel and tyre on a high speed rolling road dynamometer or on an inertia dynamometer.

The test comprises a cold effectiveness test followed by a heating phase and a hot brake test, finishing with a
free running test.

14.3.2 High speed rolling road dynamometer test

14.3.2.1 This dynamometer shall have sufficient motor drive power to drive the wheel against the braking
action to accomplish the following tests.

14.3.2.2 The wheel shall be loaded as defined by the manufacturer.

14.3.2.3 Braking time for the cold effectiveness test in accordance with 14.3.4.1 and for the following test
with hot brakes in accordance with 14.3.4.3 shall be [1] s after an allowed build-up period not exceeding
[0,6] s.

NOTE This limitation of the braking time is necessary because with the usual test machines, this test is made against
the driving power of the machine motor.
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14.3.3 Inertia dynamometer test

14.3.3.1 To conduct the cold effectiveness inertia dynamometer test in accordance with 14.3.4.1 and the
following hot brake test in accordance with paragraph 14.3.4.3, the test machine shall have a rotary inertia
simulating a set part of the vehicle mass inertia. This part shall be that mass which creates the wheel load
acting on the test wheel as defined by the manufacturer.

14.3.3.2 The inertia mass may be connected to the brake either directly, or via the tyre and wheel.

14.3.3.3 Where the tyre does not carry the braking forces, the torque applied to the brake shall be
modified by subtracting a torque equivalent to a rolling resistance braking rate z, [0,01].

14.3.4 Test procedure

14.3.4.1 Cold effectiveness test

A cold effectiveness test shall be carried out prior to the heating phase. This shall follow the procedure of
14.2.3.1 except that the initial speed shall be set at the equivalent of [60] km/h. The average test braking rate
and corresponding actuator pressure p, shall be noted.

14.3.4.2 Heating phase

14.3.4.2.1 High speed rolling road dynamometer test

The whole test consists of [20] brake applications each on a brake cycle of [60] s (braking time [25] s and
recovery time [35] s). The required energy input to the brake is made at a constant speed equivalent to a
vehicle speed of [30] km/h.

The braking rate is constant at [0,06], except that where, during the test, there is no tyre rolling resistance this
rate shall be reduced to [0,05]. During the test, cooling air may be used with a velocity and a direction of flow
to simulate vehicle conditions. The speed of air flow should be no greater than [10] km/h and cooling air shall
be at ambient temperature.

14.3.4.2.2 Inertia dynamometer test

The whole test consists of [20] brake applications on a time cycle (time elapsing between the initiation of one
brake application and the initiation of the next) of [60] s. The required actuation pressure at the test brake shall
generate the equivalent braking rate, on the first brake application, of [0,3] and the following brake
applications are to be made with the same actuator pressure. The initial speed at the beginning of each brake
application shall be equivalent to [60] km/h and the brake shall remain applied down to a speed of [30] km/h.

During the test, cooling air may be used with a velocity and a direction of flow to simulate vehicle conditions.
The speed of air flow shall not be faster than [20] km/h with cooling air at ambient temperature.

14.3.4.3 Braking efficiency test with hot brake

This test shall be carried out under the same conditions as for the cold effectiveness test in 14.3.4.1, and shall
particularly be at the same pressure p, in the brake actuator as recorded for the cold effectiveness test.

Wheel speed build-up for this test shall commence within [60] s after the end of the heating phase and braking
shall start as soon as a speed equivalent to [60] km/h is reached.

This test shall give a braking rate which fulfils the two following conditions:
a) it reaches at least [60] % of the braking rate of the cold effectiveness test of 14.3.4.1, and;

b) the braking rate ZpaW obtained from this test shall be equal to or greater than [0,4].
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14.3.5 Free running test — Automatic brake adjustment device

If an automatic brake adjustment device is fitted, e.g. an automatic slack adjuster, check that one of the
following conditions is fulfilled:

a) itis possible to rotate the wheel by hand when the brake is cold at a temperature of < [100] °C;

b) at a constant speed equivalent to v = [60] km/h with the brake released the asymptotic temperature does
not exceed a drum/disc increase of [80] °C.

14.3.6 Presentation of results

The following details shall be recorded:

a) measured braking force produced by the brake in both the cold effectiveness and hot brake tests;
b) calculated braking rate produced by the brake in both the cold effectiveness and hot brake tests;
c) test machine type (see 14.3.2 and 14.3.3);

d) pressure p, in the brake actuator in the cold effectiveness and hot brake tests;

e) time elapsed between the end of the heating phase and the start of braking with the hot brake.

Further results shall be recorded as required for the Annex B test report.

15 Transfer of results of type | or type lll tests to other vehicles

15.1 General

At the choice of the manufacturer, type | or type Il tests need not be performed on a vehicle submitted for
approval in any of the following cases:

a) a vehicle which, as regards tyres, braking energy absorbed per axle, specification of wheel and brake
assembly, is, with respect to braking, identical') to, or less demanding than, a vehicle which has passed
the type | or type Il tests, and has been approved, for a mass per axle not lower than that of each axle of
the trailer being submitted for approval.

b) a vehicle whose axle(s), as regards tyres, braking energy absorbed per axle, and specification of wheel
and brake assembly are, with respect to braking, identical?) to, or less demanding than, an axle or axles
which have individually passed the type | or type lll tests at a mass per axle which is not lower than that
of each axle of the trailer being submitted for approval, provided that the braking energy absorbed per
axle does not exceed the energy absorbed per axle in the reference test or tests carried out on the
individual axle(s);

' ¢) a vehicle equipped with brakes of the same type as on the reference axle(s) which satisfy the verification
requirements of 15.2.3 in terms of the characteristics for comparison with a reference axle. The static
mass for which the reference axle(s) passed the type | or type Ill reference test must not be lower than
the static mass of each axle of the trailer being submitted for approval. Also, the braking energy absorbed
per axle of the trailer must not exceed the energy absorbed per axle in that test or those tests carried out
on the reference axle(s).

1) The term “identical” means the geometric dimensions and the mechanical characteristics including the materials used
for manufacture of the components of the vehicle to which reference is being made.
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15.2 Presentation of results

When the conditions in 15.1 are applied, the details listed in 15.2.1 to 15.2.3 shall be provided.

15.2.1 Trailer as in 15.1a)

The approval number of the reference vehicle shall be provided.

15.2.2 Axle(s) as in 15.1b)

The number(s) of reference axle test report(s) and Table 7 shall be completed.

15.2.3 Trailer as in 15.1¢)

The calculations in 15.2.3.1 to 15.2.3.5 shall be made, using the values for the reference axle(s) as listed in
the completed Annex B. The results of these calculations shall be entered into Table 8.

NOTE For each axle i, the corresponding reference axle is denoted by the suffix ei (as in Table 1).

15.2.3.1  The stroke sy, of the actuator at a hot performance test is calculated for each axle of the trailer
separately and for the type | test or the type lll test, using the following formula:

Spim (4 )ES.Aei)

The values of / shall be taken from the braking calculation and the s, and [, values from the corresponding
reference axle test report.

The calculated stroke values sp shall not exceed the relevant s, values at which the force falls off by 10 %.

For wheel brake designs having no interpretable lever length, the s, values shall be compared to the relevant
spp Values without any further calculation.

15.2.3.2 The average output thrust, Fp at pressure p, in the actuator resulting from a control line pressure
of p, = 0,65 MPa (= 6,5 bar), is determined for each axle of the trailer separately. This is based on the values
of pressure p, in the actuators of each axle at p,,, = 0,65 MPa (= 6,5 bar) taken from the braking calculation.
The average output thrust of each actuator for these pressures p, shall be provided by the actuator
manufacturer.

15.2.3.3 The camshaft input torques C, are calculated for each axle brake of the trailer separately at
pressure p, as used in 15.2.3.2, using the following formula:

Ci = (Fai) x ()
where

F)p is as determined in 15.2.3.2.
The calculated C values shall not exceed the relevant C,y,,, values set by the brake manufacturer.
The calculations are made for a value of p,,, = 0,65 MPa (= 6,5 bar).

NOTE It is good practice to use a higher value of p,, than 0,65 MPa (= 6,5 bar) and values up to the cut-out pressure
may be used.
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The comparison of the calculated C values shall not be made against the C,,,, value, but to a somewhat lower
value C,q4,, Which takes into account the difference between the maximum p,, and p,,, = 0,65 MPa (= 6,5 bar).

Both values of C,,,, and C,q,, are given by the brake manufacturer.

For wheel brake designs having no interpretable lever length, the F» values shall not exclude the appropriate
Fpadm values. Fp,qm can be determined using Fp -

15.2.3.4 The hot performance axle braking forces Fg,; are calculated separately for each axle of the trailer
(for the type | or type lll test) using the following formula:

c'i-C Re;
Faai = (Faei — 0,01xFg) x ———9 x Z€L 4 001 x R
ei ~Coei i
The C, and C,, and the R, values are taken from the corresponding reference axle test report, whereas F;, R;,
and C'; refer to the axle for which the calculation is being made.

When the pressures p,, which are used to determine the Cg values of the reference axles are not identical to
the p, values used in 15.2.3.2, then the C values as calculated in 15.2.3.3 shall each be converted to the
corresponding p, value. The designation of each value so converted is C'.

The C, values are given by the brake manufacturer. The R values shall not be less than 0,8 R,, and may even
be greater than R, provided that the requirements of 15.2.3.5 are fulfilled.

In the case of wheel brake designs having no interpretable lever length the appropriate brake actuator output
thrust (F,) values shall be used instead of the camshaft input torques (C).

15.2.3.5 The hot braking performance rate zg g is calculated for the trailer, for the type | or type Il test,
using the following formula:

. 2Fea_ Fem
BaR FR FR

i.e. summing up the individual Fg, values as determined in 15.2.3.4.

For the type | test, the calculated zg, g, braking rate shall not be less than 0,36 nor less than 60 % of z g
where z_ is taken from the trailer braking calculation.

For the type lll test, the calculated zg g, braking rate shall not be less than 0,4 nor less than 60 % of zg,
where z is taken from the trailer braking calculation.

16 Control failure of load-sensing device/function — Stationary test

As an alternative to the road test (see 20.3), a stationary test (and a comparison with the performance
obtained without a control failure) may be specified by the manufacturer (see 6.12) if the trailer is either a
semi-trailer, a centre-axle trailer or a full trailer where a single load-sensing device/function controls the
braking on all axles.

With the load-sensing device/function control in the failed condition, record the maximum pressure p,, which
can be attained in the brake actuators at a full brake application.

On the basis that p,, is equal to p, in the laden condition (without a load-sensing device/function control
failure), use a graph of z g against p,, as referred to in 18.1.1, but for the laden condition, to determine if the
recorded maximum pressure p, will give a laden vehicle braking rate, z,, at least equal to:

— 0,135 for semi-trailers, or
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— 0,150 for centre-axle trailers, or
— 0,150 for full trailers,
which is [30] % of the type O test requirement for the fully laden trailer.

NOTE In the case of a mechanically operated load-sensing device, the control failure is the failure of the linkage
between the operating arm of the load-sensing device and the vehicle axle. In the case of an air operated load-sensing
device/function, the control failure is the total loss of the control signal(s) from the air suspension system (for the test it is
recommended to retain air in the air suspension system to prevent the possibility of the air suspension bags/bellows being
damaged).

If the relationship of p,, to p, in the laden condition (without a load-sensing device/function control failure) is
not 1:1, then the relationship of p, to z,g should be similarly modified to determine if the recorded maximum
pressure p, value will achieve the z g requirement.

17 Auxiliary equipment failure

Pressurize the trailer supply line to [0,75] MPa (= 7,5 bar) and then shut off the supply line without venting it
(to avoid automatic application of the braking system).

Simulate a mechanical and/or an electrical failure in the auxiliary equipment that will result in a loss of air
pressure and after allowing the pressures in the reservoirs to stabilize make a [0,65] MPa (= 6,5 bar) service
brake application via the control line.

In the case where the failure has not resulted in a failure of the load-sensing device(s)/function control, the
pressure in the service braking system shall give a braking rate of not less than [80] % of the type O test
requirement for that particular trailer type ([0,5] for full trailers and centre-axle trailers, [0,45] for semi-trailers).

NOTE 1 If a value of 0,52 MPa (= 0,52 bar) is obtained in the service brake reservoir(s), the braking rate requirement is
deemed to be met. If the pressure is less, it is possible that the required braking rate can be achieved as a result of the
system components being used. In this case it may be shown by calculation, or a road test conducted to confirm, that the
requirement is met.

In the case where the failure results in a failure of the load-sensing device(s)/function control (e.g. loss of the
air suspension system), the pressure in the service braking system shall give a braking rate of not less than
[30] % of the type O test requirement for that particular trailer type ([0,5] for full trailers and centre-axle trailers,
0,45 for semi-trailers).

NOTE 2  If a value of 0,2 MPa (= 2 bar) is obtained in the service brake reservoir(s), the braking rate requirement is
deemed to be met. If the pressure is less, it is possible that the required braking rate can be achieved as a result of the
system components being used. In this case it may be shown by calculation, or a road test conducted to confirm, that the
requirement is met.

18 Basic performance tests — Unladen
18.1 Type O test (Service braking system cold brake effectiveness)

18.1.1 Test procedure

The service braking system performance of the trailer z,g may be calculated either from the achieved braking
rate z,c of the motor vehicle and trailer combination with only the trailer being braked (see 18.1.1.1) or from
the achieved braking rate z, of the motor vehicle and trailer combination with all the wheels being braked
(towing vehicle plus trailer) and the force F| measured on the coupling (see 18.1.1.2).

The towing vehicle engine shall be disconnected during the braking test.
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A preliminary series of five service braking system applications may be carried out for vehicle familiarization.

In case of a pneumatic control line, the values of z g shall be plotted in relation to control line pressure p,.
With pg not greater than [0,7] MPa (= 7 bar) and p,,, not exceeding [0,65] MPa (= 6,5 bar), at least one value of
z,r Shall be greater than or equal to the prescribed braking rate.

In case of an electrical control line, the values of z g shall be plotted in relation to the digital data messages
not exceeding [33280d (0,65 MPa (= 6,5 bar))] as defined in ISO 11992-2.

z,r = [0,5] for full trailers and centre-axle trailers;
or

z,r = [0,45] for semi-trailers.

18.1.1.1  When only the trailer is braked

This test consists of a maximum of five service braking system applications from v, = [60] km/h. The speed at
which the brakes are released shall be calculated from the following formula:

FM +FRU
Vf = VS —F
M+ Ry +IRp

Determine the maximum braking rate z,. of the motor vehicle and trailer combination, with the towing vehicle
unbraked, without locking of the trailer wheels. For this purpose, various pressures p,, are supplied to the
trailer control line using the equipment referred to in 8.6.

The braking rate which would be achieved for the trailer alone is calculated as follows:

FM +FR 4

Z.p =250 — 24 ) X
aR (aC r) FR

r

18.1.1.2 When both motor vehicle and trailer are braked

The following procedure may be applied when both vehicles, the motor vehicle and trailer as a combination
are braked.

Measure the braking rate of the combination and the force F| on the mechanical coupling with various
pressures py,.

The achieved braking rate of the trailer is calculated as follows:

F
ZagR =Zac t Iz
R

where

F| is negative if the coupling is in compression.

18.1.2 Presentation of results
18.1.2.1 During each braking test, the data below shall be recorded:
a) actual speed of the motor vehicle and trailer combination at the initiation of braking;
b) supply line pressure pg;
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c) control line pressure p,,;

d) brake actuator pressures p,;

e) braking rate z,c;

f) longitudinal force on mechanical coupling F| (in the case of tests according to 18.1.1.2);

g) any wheel locking, deviation of the vehicle from its intended course or abnormal vibration.
18.1.2.2 The following additional information shall be recorded for the test series:

a) ambient conditions;

b) vehicle identification;

c) vehicle loading condition (including individual axle loads);

d) tyre size(s).

18.1.2.3 The results obtained in 18.1.2.1 and 18.1.2.2 may conveniently be presented in a table, but the
calculated values of z g should be presented in a graph against p,,,.

19 Antilock braking system/electronically controlled braking system (ABS/EBS)
tests — Unladen

19.1 Determination of adhesion utilization on high adhesion surface

19.1.1 This measurement is made with all axles of the trailer being braked but with the service braking
system of the towing vehicle disabled. From an initial vehicle speed of [50] km/h measure the braking rate z,
which the trailer with the antilock braking system operating, can achieve on the high adhesion surface on
which the coefficient of adhesion will be measured as the next phase of this procedure.

Perform this test with sufficient pedal force/control line pressure to ensure that full cycling of the antilock
braking system function is invoked. Full cycling is where the antilock braking system is repeatedly modulating
the brake force and will be assured when the control line pressure is at least 1 bar above the surface skid
pressure.

The resulting braking rate is calculated from the time ¢, in seconds, taken for the speed to reduce from
[40] km/h to [20] km/h, using the following formula:

0,566
t

z

19.1.2 Repeat this test twice more on the same part of the surface, and calculate the average ¢, of the three
t values obtained to find the z;5, figure to be used in the adhesion utilization calculation, using the following
formula:

motor vehicle and trailer combination braking rate (only trailer braked) with antilock braking system operative

0,566

Im

ZCAL

19.1.3 This value zg, Will be used to derive zg,, for the trailer only, which in turn provides the adhesion
utilization ¢, once the adhesion coefficient for the surface kg has been measured.
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However, zp,, is influenced by forces from the towing vehicle pulling on the trailer and the derivation shall be
considered separately for each type of trailer, after completion of the actual adhesion coefficient measurement
and calculation.

Adhesion utilization will finally be given by:

_ ZRAL
kr

&

19.2 Determination of the peak coefficient of adhesion on the high adhesion surface

This test shall be carried out immediately following the adhesion utilization measurement (see 19.1) and it is
important that if the surface was damp for that test, the same level of moisture is employed for this
measurement. However, a dry road surface shall be used whenever possible.

The method employed depends upon the type of trailer being tested and because of the different forces
involved, different calculations need to be made for full trailers and semi-trailers/centre-axle trailers as follows.

19.2.1 Full trailers

19.2.1.1 Front axle

19.2.1.1.2 For front axle evaluation, disable the trailer rear axle braking system and disable or otherwise
ensure that the antilock braking system will not operate between [40] km/h and [20] km/h during the test.

With the towing vehicle contributing no braking effort as in 19.1, determine the peak coefficient of adhesion for
the front axle as in the procedure below.

The result obtained is then used in the calculation of the mean surface adhesion value which is required for
the trailer adhesion utilization assessment.

19.2.1.1.3 Carry out a number of brake applications from an initial motor vehicle and trailer combinatioﬁ
speed of [50] km/h, on the test surface. :

During each application the control line pressure shall be held constant but increased for each subsequent run
until the maximum combination deceleration result is achieved (probably where slight skidding occurs towards
the end of the stop). To ensure that the highest deceleration result is included, the series of increments shall
be extended to the point where the wheels are about to lock during the stop.

The braking rate z¢ is calculated by reference to the time ¢ in seconds, taken for the speed to reduce from
40 km/h to 20 km/h, i.e.:

Z 0,566
c ¢

During this procedure, care should be taken (and cooling periods allowed) to prevent a rise in brake

temperature greater than 100 °C, as this may affect braking performance and distort the results.

From the minimum recorded value of ¢, (¢,,) select [3] values of ¢ which lie within 7., and 1,05 #,,, and
calculate the arithmetical mean value ¢,,, and then the optimum braking rate is give as:

0,566
ZCmax = p
m

If it is demonstrated that practical reasons prevent the three values defined above being obtained, the
minimum time ¢,,;, may be used in place of 7,,.
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NOTE This procedure is most accurately performed using an adjustable control line pressure regulator. In order to
obtain a valid result, both wheels on the axle being measured shall reach the lock point simultaneously. To achieve this,
the use of a line pressure regulator for each wheel may be necessary to allow individual pressure adjustments to be made.

19.2.1.1.4 Calculate the value of k; for a full trailer with the front axle only being braked, from zg,,.s USing
the following formulae:

Formaxf = Zcmaxf(Fm + FR) — 0,01 Fgpg — 0,015y

This takes account of the extra mass of the towing vehicle and allows for the rolling resistance contribution
coming from all un-braked axles on the towing vehicle and trailer.

To allow for the weight transfer of the trailer mass under deceleration and the pull of the towing vehicle (both
increasing the trailer front axle load), the dynamic axle load is calculated as follows:

Zomaxf (Fm X hp+ & X PR X hr) = Fyym % hp

Ffdyn = I E
and:
ke = Fmeaxf
TR
fdyn

(k¢ values shall be rounded to a third decimal place).

For trailers with more than two axles, remove the wheels on the middle axle(s) and measure as a two-axle
trailer.

19.2.1.2 Rear axle

Repeat the procedure of 19.2.1.1 using trailer rear axle braking only with the antilock braking system function
inoperative. A second mean deceleration figure z¢,, 4, fOr the rear axle is obtained and used in the following
formulae to give

Fprmaxr = ZCmaxr (FM + FR) - 0,01FCnd -0,015 Feyq

Then calculate the dynamic rear axle load allowing for weight transfer and towing vehicle pull to reduce the
rear axle loading:

Zemaxr (FM X hp + & x PR X hg) = Fyym X p

F =F -
rdyn r E
and:
k, = FpRmaxr
FRdyn
k. values shall be rounded to a third decimal place.

For trailers with more than two axles, remove the wheels on the middle axle(s) and measure as a two-axle
trailer.
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19.2.1.3 Total trailer

19.2.1.3.1 The two coefficients obtained are then combined into a single value kg for the trailer as a whole,
by taking into account the dynamic axle loadings under antilock braking system deceleration levels.

_kfXFfdyn+erFrdyn
gx R

R

.where
F tqyn @and F 4., determined as above except that the deceleration used is zga in place of zgp,,s and
ZCmaxr
zraL IS calculated from the test in 19.1.2 which gave zgp

zcaL (Fm + FrR) — Fwm
FR

ZRAL =

which takes into account the mass and the rolling resistance of the towing vehicle.

19.2.1.3.2 The value for the surface coefficient of adhesion kg having been calculated is used to determine
the adhesion utilization ¢ from:

_ ZRAL
kr

&

rounded to two decimal places.

This shall have a value > [0,75] but not > [1,00].
If ¢ is > [1,00], the measurements of £ shall be repeated. A tolerance of [10] %, however, is accepted.

19.2.2 Semi-trailers (and centre-axle trailers)

19.2.2.1 For semi-trailers and centre-axle trailers, the £ measurement is made with the antilock braking
system disabled (or inoperative between 40 km/h and 20 km/h) and with no braking being applied on the
towing vehicle.

In the case of multi-axle trailers, the tests are carried out with wheels fitted only to one axle, which will be used
to determine k. This axle shall normally have wheels directly controlled by the antilock braking system.

A figure for zg.,, Shall be found by repeated stops with increasing brake pressure until the highest
deceleration without wheel locking is achieved using the process described in 19.2.1.1.3.

The trailer braking force is:
Formax = Zcmax (Fm + FR) = Fwm

while the dynamic trailer axle load is:

Formax Xk + zZcmax * & X IR (AR — Ik)
Er

FRrayn = FR —

This takes into account the pull of the towing vehicle and the transfer of weight off the trailer axle being braked.
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As there is only a single k value generated, due to there only being one axle, kg is given by:

ko = Fmeax
R = ——max
FRdyn

19.2.2.2  The derivation of a figure for zg,, uses the measured value of zo, as determined in 19.1 with all
wheels on the trailer and the antilock braking system fully operating. The formulae used are as follows:

FpraL = zcaL (Fm + FR) = Fwm
which takes into account the mass of the towing vehicle and its rolling resistance.

The dynamic trailer axle loads are derived as follows:

FpraL %k +zoaL x g X IR (hr — hk)

Fi =Fp —
Rdyn R ER
then:
oo FbraL
RAL Frayn

and,f adhesion utilized:

N z
= ZRAL

This shall be > [0,75].

If £is >[1,00] with either type of trailer, the measurements of & shall be repeated. A tolerance of [10] %,
however, is accepted.

NOTE This figure for ¢, determined on a surface with a high coefficient of adhesion, may be used as ¢, in 19.4.1 but,
since split-adhesion tests lead to the high adhesion surface being wet, it is preferable to measure ¢, specially.

19.3 Wheel behaviour

19.3.1 In the tests in 19.3.2 momentary locking (less than 0,5 s) of directly controlled wheels (e.g. when
braking is suddenly and fully applied) is permitted and it is also permitted for directly controlled wheels to lock
when the trailer speed is less than [15] km/h. Indirectly controlled wheels may lock at any speed but stability
shall not be noticeably affected.

19.3.2 With all trailer brakes operating and with the antilock braking function enabled, carry out stops to
confirm that the directly controlled wheels do not lock (other than momentarily) when brakes are suddenly and
fully applied.

These tests are performed on the high adhesion surface, from initial speeds of [40] km/h and [80] km/h.

19.4 Split adhesion tests

19.4.1 For trailers having antilock braking systems of category A, check that the directly controlled wheels do
not lock, other than momentarily, when the right and left wheels are on surfaces having different coefficients of
adhesion & and &, and the brakes are suddenly and fully applied at a motor vehicle and trailer combination
speed of [50] km/h.
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The motor vehicle and trailer combination shall be positioned centrally over the division between the two
surfaces.

While not specifically required by UN-ECE Regulation No. 13, Annex 13, it is advised that the trailer tyres
should not cross the division between the two surfaces during the tests to demonstrate vehicle stability.

19.4.2 The maximum braking rates zga  and zga . shall be obtained on the two surfaces used for the
split-adhesion testing, by employing the procedure of 19.1 and the associated calculations of 19.2.1.3 for full
trailers or 19.2.2.2 for semi-trailers and centre-axle trailers.

NOTE zraLH May be less than zga | measured previously on the high adhesion surface since, in split-adhesion tests,
both surfaces are likely to be wet.

The adhesion levels ky and k_shall be such that the maximum braking rates zga y and zga |, have the
following relationship:

zraLH =2 0,5 gy
and

ZRALH = = 2 ZRALL

19.4.3 On this split-adhesion surface, the motor vehicle and trailer combination shall be brought to a halt
from 50 km/h with only the trailer braking applied and with the antilock function operating.

The motor vehicle and trailer combination deceleration shall be measured between 40 km/h and 20 km/h as in
19.1.1 and 19.1.2 to generate a zg, g figure.

For full trailers, zg,, g is given from the formula in 19.2.1.3.

For semi-trailers and centre-axle trailers, Fyra g and Fy,, are calculated using zca g as in 19.2.2.2 to give:

_ Ibrats

ZRALS
Fy
yn

where zgp g shall be:

075 4 zRALL + ZRALH
SH 5

ZRALS =

and:

ZRALL

ZRALS ~
If &£y > [0,95], use the value [0,95].

19.5 Energy consumption of the antilock braking system (on a high adhesion surface)

19.5.1 This test checks the capacity of the energy storage reservoirs in relation to the consumption of energy
whilst the antilock braking system is operating. The test comprises a braking run with the trailer only braking,
in which the antilock braking system has to operate to control the braking pressures for a period of [15] s.

For this test, it is recommended that the trailer axle(s) are loaded so that the axle load is 2 500 kg or 25 % of
the permissible axle load, whichever is the lower.
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19.5.2 The manufacturer may closely adjust the brakes prior to this energy consumption test.

19.5.3 The load-sensing valve(s), if fitted, shall be held in the fully laden position.

19.5.4 With the ABS function operating and with full pressure held in the trailer reservoir(s), check that the
wheels normally controlled by the antilock braking system are fully cycling during full braking. (If this is not the

case a lower adhesion surface, such as would be achieved by wetting, should be used).

19.5.5 The initial energy level in the trailer reservoir(s) shall be at the maximum value achievable with a
pressure of [0,80] MPa (= 8 bar) at the supply line coupling head.

19.5.6 Practical considerations mean that the braking time cannot be achieved in a single [15] s stop unless
the trailer being braked is towed under full power of the towing vehicle. Even then, it may not be possible to
prevent the motor vehicle and trailer combination losing speed during the test.

If this is the case, the initial motor vehicle and trailer combination speed may be increased substantially but
the final speed at the end of [15] s shall be above [15] km/h.

The use of two towing vehicles is not ruled out to achieve a single braking period, but it is also permitted to
use the more complicated alternative of performing the test in several phases up to a maximum of 4.

This procedure requires accurate measurement, display and recording of pressure levels in the trailer
reservoir(s) and care shall be taken in the setting of pressures as explained in 19.5.7.

19.5.7 If a multi-phase test is selected, it is necessary to determine the number of phases and the initial
motor vehicle and trailer combination speed on each phase, (which shall exceed [30] km/h), so as to meet the
required overall total braking time, taking into account the following factors:

— towing vehicle power level and thus the expected deceleration under antilock braking system control;

— cut-off speed below which the antilock braking system operation may cease and at which each brake
application shall be released;

— length of the test surface available.

As an example, consider a motor vehicle and trailer combination with the following values:
— initial speed: 70 km/h;

— cut-off speed: 15 km/h;

— adhesion coefficient: 0,85;

— expected braking rate zg, : 0,2;

— a deceleration of 2 m/s2 is assumed to be constant, meaning a speed decrease rate of approximately
7 km/h/s;

— braking time (70-15)/7 = 7,86 s.

— Check: try 2 stops: 7,86 s each.

Now estimate the stopping distance:

— mean speed during the stop: 15 + (70-15)/2 = 42,5 km/h (11,7 m/s);
— stop time: 7,86 s;

— distance: 11,7 m/s x 7,86 s = 92 m.
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Two phases are a practical test over some 120 m of test surface. (A total test time of > 15 s should be planned
to allow for some time lost in phase 2 of the test to correct the starting pressure.)

For each stop in this example, the motor vehicle and trailer combination shall be powered to achieve a
deceleration of 2 m/s* with the antilock braking system fully cycling down to the brake release speed of
15 km/h. The brake pedal shall be released at this point and the motor vehicle and trailer combination turned
round for the second phase without the use of the brakes so as not to affect the stored energy level.

The energy storage reservoir(s) shall not be charged during each “braking phase” but in-between phases shall
be charged so that after the single full brake application which shall be made at the commencement of the
second phase, the reservoir pressure shall, ideally, be equal to the value at the end of the first phase.

This equality condition is not easily achieved, so a higher pressure is allowed provided that the second phase
timing commences only at that point where the reservoir(s) pressure falls to become equal to that recorded at
the end of the first phase. This is the reason for the lost time mentioned above and requires that initial speed
to be increased to make a suitable allowance.

19.5.8 If a single phase test is possible, at the end of the braking time bring the motor vehicle and trailer
combination to rest without further operation of the antilock braking system and without further recharging the
trailer reservoir(s).

19.5.9 After the energy consumption run(s), it is required to make [4] full service brake applications, again
without any further charging of the trailer reservoir(s) and then on the [5th] such application the pressure in the
trailer actuators shall be sufficient to provide a total braking force of not less than [22,5] % of the maximum
stationary wheel load. During this test there shall be no automatic application of any braking system (service
braking or spring brake braking) which is not under antilock braking system control.

The braking capability may be verified from the braking calculation which determines the pressure required to
meet the [22,5] % braking rate demand at the end of the test. This is the minimum pressure level which shall
remain available to the trailer service braking system.

19.6 Antilock braking system failure

With the antilock braking system function disabled, as would be the case in the failed condition, a check shall
be made that on a high adhesion surface it is possible to achieve at least [80] % of the prescribed laden
braking performance via the service braking system. This can be shown from the braking calculation and
pressure measurements.

19.7 Additional tests on trailers equipped with EBS

19.7.1 System operation

19.7.1.1 Check that in the event of a failure in one of the control lines, the trailer shall automatically use
the control line not affected by the failure and achieve the type O braking performance requirement.

19.7.1.2 Each specific failure mode within the electric control transmission shall be considered and the
braking performance shall be checked for the worst case failure (see 8.1.4) to ensure that at least [30] % of
the prescribed type O braking performance is achieved.

19.71.3 Check that when both control lines provide their respective signals simultaneously, the trailer
uses the electrical control line signal.

NOTE This may be done by first applying a low pressure pneumatic signal followed by a digital signal equivalent to a
higher pressure. The pneumatic pressure is then increased to a value significantly higher than the digital signal. The
pressure in the service brake actuator must increase with the application of the digital signal, but remain constant with the
subsequent increase in pneumatic pressure.
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19.71.4 Check that a signal is generated to activate an optical warning in a towing vehicle via pin 5 of the
ISO 7638-1 and 1SO 7638-2 electrical connector when the electrical control line signal has exceeded the
equivalent of [0,1] MPa (= 1 bar) for more than [1] s and there is no pneumatic signal present.

19.7.2 Braking force compensation

The fulfilment of the requirements for braking force compensation is shown through conformity to UN-
ECE Regulation No. 13, Annex 18 (see paragraph 8.1.4).

20 Basic performance tests — Laden
20.1 Parking braking system tests

20.1.1 Test conditions

The test vehicle shall be laden to the maximum technical mass. In the case of semi-trailers and centre-axle
trailers, the vehicle loading shall include the load on the fifth-wheel coupling or the mechanical coupling (note
the special conditions given in 20.1.2.2 if the hill holding procedure is chosen). The brake linings which are
effective during parking shall be adequately bedded, according to manufacturer's recommendations. After
bedding-in prior to the parking braking system test, brakes may be adjusted manually even if they have
automatic adjustment. Verify that the parking braking system can be safely applied and released by a person
standing on the ground using a device mounted on the trailer in both of the following two cases:

— when the trailer is standing alone;

— when it is connected to a towing vehicle.
20.1.2 Test procedure

20.1.21 General

It shall be confirmed that sufficient braking force can be generated by the parking braking system to hold a
laden trailer stationary on an 18 % up or down gradient. This may be done in the form of a calculation. If the
calculation method is to be used, an additional calculation shall be carried out to clearly show that the required
tyre to road adhesion coefficient is not higher than 0,8.

In the dalculation method, the minimum required braking force is given by:

— Fgr=10,18] Fy in the case of full trailers;
— Fgr =10,18] (Fr *+ F) in the case of semi-trailers and centre-axle trailers.

If the calculations clearly show that adequate Fgg is provided and the road adhesion coefficient is not higher
than 0,8, a parking braking system test may not be necessary.

The sequence of actions to be used to apply the parking braking system comprises a full application of the
service braking system (or automatic braking system in the case of a disconnected trailer), followed by an
application of the parking braking system with a control force not exceeding [600] N, and finally a release of
the service braking system or automatic braking system.

To check the parking braking system effectiveness, one of the following procedures may be chosen by the
manufacturer:

— a hill holding test (see 20.1.2.2);

— alevel road drag test (see 20.1.2.3);
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— alow speed rolling road dynamometer test (see 20.1.2.4);
— an inertia dynamometer test for spring brake actuators (see 20.1.2.5).

If spring brake actuators are used in the parking braking system, further tests as set out in Clause 13 will need
to be carried out in addition to the above.

20.1.2.2 Hill holding test

The hill holding test shall be carried out on a dry, high adhesion road surface having a gradient of at least
[18] %. For semi-trailers and centre-axle trailers, safety and practicability mean that the test shall be done with
the complete motor vehicle and trailer combination (towing vehicle plus trailer). For this test, the actual mass
of the motor vehicle and trailer combination shall exceed the maximum mass of the laden trailer by as little as
possible. To meet this requirement, the load on the fifth wheel coupling or on the mechanical coupling may be
suitably reduced. Furthermore, during such a test, the landing legs shall not touch the ground.

Tests shall be made in both directions, unless the worse condition is known, in which case only this one needs
be tested.

Apply the parking braking system as described in 20.1.2.1.

The time period allowed for evaluating the capability of the parking braking system to hold the vehicle
stationary shall not be less than 1 minute.

20.1.2.3 Level road drag test

The level road test shall be carried out on a flat, dry, high adhesion road surface following the procedure in
20.1.2.1 for applying the parking brake.

On the level road, the attempt to tow away the laden trailer shall be made whilst measurements of the towing
force on the mechanical coupling are made and recorded.

The trailer shall resist movement at towing forces less than or equal to the total required parking braking force
of:

— [0,18] FR in the case of full trailers, and
— [0,18] (FR * F) in the case of semi-trailers and centre-axle trailers.

Repeat this test procedure by attempting to move the test vehicle in the opposite direction, unless the design
properties of the brakes are such that the braking efficiency is absolutely independent of the direction of
rotation.

20.1.2.4 Low speed rolling road dynamometer test

Dynamometers are not suited to conducting standstill testing but it is possible to measure the dynamic braking
forces developed, in the knowledge that static breakaway forces will be greater than these dynamic forces.

Thus, to perform this test, it shall be possible to apply the parking brake once the dynamometer is running and
then measure the total braking force developed by each axle.

The speed of the rolling road dynamometer in this test shall not exceed 12 km/h and could even be lower.
Measure successively the braking forces on each axle braked by the parking braking system.
At each measurement, the control force shall not exceed [600] N. The sum of the braking forces, Fgg shall be

at least [0,18] FR in the case of full trailers and [0,18] (Fg + F) in the case of semi-trailers and centre-axle
trailers.
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Repeat this procedure with the dynamometer rotating in the opposite direction, unless the design properties of
the brakes are such that the braking efficiency is absolutely independent of the direction of rotation.

20.1.2.5 Inertia dynamometer test for spring brake actuators

The static breakaway test for spring brake actuator operated brakes is unsuited to measurement using an
inertia dynamometer, since these are run up to speed and then loaded. However, this can be accomplished as
a dynamic measurement by releasing the spring hold-off pressure and measuring and recording the braking
force developed when the spring is fully released. This can be done from a low speed only sufficiently high as
will allow the measurement of the generated force to be made before the brake (identical to those on the
trailer) comes to a standstill.

The sum of the total braking forces Fgg, developed by all the trailer brakes which are used for parking shall be
at least:

R
0,18 Fr x —= for full trailers, or
’BD

R L .
S for semi-trailers and centre-axle trailers

0,18(FR +FK)><
BD

where

Rg = the static radius of the largest tyre used.

Repeat the above test procedure measuring the static breakaway forces in the opposite direction, unless the
design properties of the brakes are such that the braking efficiency is absolutely independent of the direction
of rotation.

20.1.3 Presentation of results
For all tests the following information shall be reported:
a) general information for all tests:
1) calculated necessary level of tyre/road adhesion coefficient;
2) calculated total braking force generated at the wheel peripheries by the parking braking system;
b) for the hill holding test:
1) gradient and vehicle direction;
2) parking brake control force;
3) actual mass of the motor vehicle and trailer combination;

4) test vehicle stationary for > 1 min: yes/no;

c) forthe level road drag test:
1) towing force and direction of towing;
2) parking brake control force;

d) for the low speed rolling dynamometer test:

1) speed of dynamometer;
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2) parking brake control force;
3) braking force (per axle and total) and direction of rotation;
e) for the spring brake actuator inertia dynamometer test:
1) spring force applied to the brake lever, and the brake lever length;
2) static breakaway force (per brake and total) and direction of static breakaway force;

3) maximum tyre static radius.

20.2 Type O test (Service braking system cold brake effectiveness)

The test shall be carried out as detailed in Clause 18.

20.3 Control failure of load-sensing device/function — Road test

If a road test is specified by the manufacturer (see 6.12), a type O test shall be carried out in accordance with
either 18.1.1.1 or 18.1.1.2 (but in the laden condition) with the load-sensing device/function control in the
failed condition.

With the vehicle laden, the braking rate z g shall be higher or equal to [0,135] for semi-trailers and shall be
higher or equal to [0,150] for full trailers and centre-axle trailers.

If the vehicle is equipped with more than one load-sensing device/function, the test shall be repeated for the
failure of the control of each device/function in turn.

NOTE In the case of a mechanically operated load-sensing device, the control failure is the failure of the linkage
between the operating arm of the load-sensing device and the vehicle axle. In the case of an air operated load-sensing
device/function, the control failure is the total loss of the control signal(s) from the air suspension system (for the test it is
recommended to retain air in the air suspension system to prevent the possibility of the air suspension bags/bellows being
damaged).

20.4 Type | test (fade test for trailers of categories O, and O3)

20.4.1 General
This test applies to:

— an O, or Og trailer and/or;

— an axle or axles intended to serve as trailer reference axle(s).
The complete type | test may alternatively be carried out on a dynamometer (see 14.1).

Under certain conditions, the road test specified below may not be required (see Clause 15).

20.4.2 Cold effectiveness test

A cold effectiveness test for the purposes of the type | test shall be carried out prior to the heating phase in
order to provide a performance comparison between hot and cold brakes.

20.4.21 If the type | test is to be conducted with all axles of the trailer being braked, a cold effectiveness
test similar to that described in Clause 18, but with vg = [40] km/h and under laden conditions shall be carried
out, constituting the basic test.
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20.4.2.2 However, if the type | test is to be limited to one or more axles of the trailer (see 20.4.2.2), this
basic test shall be conducted in accordance with 20.4.1.1, with the exception that the appropriate axle(s) of
the trailer is (are) braked. For the evaluation of the results of this basic test, note the remarks in 20.4.3.2.

204.2.3 The highest value of the achieved trailer braking rate z,g which results after calculation made
using the measurements obtained in 20.4.1.1 or 20.4.1.2, is the braking rate of the cold effectiveness test.
This serves as the cold reference value for the braking efficiency test with hot brakes, as set out in 20.4.3.4.

The measured brake actuator pressure p, used to obtain this reference value should be recorded for use in
20.4.3.4.

20.4.3 Adjustment of the brakes — Automatic brake adjustment device

For vehicles fitted with automatic brake adjustment devices, e.g. automatic slack adjusters, the following
procedure is carried out prior to the heating.

De-adjust the automatic brake adjustment device so that the actuator stroke Sy > 1,1 S sqjust @and with an
actuator pressure of [0,2] MPa (= 2 bar) apply and release the brakes [50] times in succession. Following the
50th application make a further brake application with an actuator pressure of > [0,65] MPa (= 6,5 bar).

The upper limit of Sp > 1,1 S;¢ agjust Shall not exceed a value recommended by the manufacturer of the
automatic brake adjustment device.

Where it is impractical to measure the actuator stroke, the automatic brake adjustment device shall be
released so as to create sufficient clearance in the brake that allows the automatic brake adjustment device to
function.

20.4.4 Test procedure

204.41

The heating of the brakes is carried out by a drag test on a level road.

NOTE The alternative method allowed in UN-ECE Regulation No. 13, Annex 4, paragraph 1.5.2.1 (type | test), to
provide the energy input to the brakes of the test vehicle by braking during downhill driving, is not applied in practice on

account of the practical difficulty of maintaining the correct test conditions.

20.4.4.2 This drag test shall be carried out with a towing vehicle as set out in 8.5 and, if necessary to
increase the tractive effort, with an additional towing vehicle as in 8.9.

20.4.4.3 If it is required to apply the results of this test to other trailers as in Clause 15, it is preferable to
carry out the test on a single axle only. However, this test may alternatively be carried out by braking several
or all axles of the test vehicle if single axle results are not specifically required.

If required, the conditions of 18.1.1.1, but with v4 = [40] km/h may be adapted as follows to give the single axle
braking rate z,, with the trailer alone providing braking:

FM + FRU + FRb
Zap = (ZaC - Zr) X Fro +Zr

When both vehicles in the motor vehicle and trailer combination are braked and F| (coupling thrust) is
measured, the conditions of 18.1.1.2 may be adapted as follows to give the single axle braking rate z,:

1
ZaA :FTgb(ZaC (Fr = FL) = zr X Fry)
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20.4.44 Heating phase

The required energy input to the brakes of the test axle(s) shall be made at a constant speed of v = [40] km/h
for a distance of [1 700] m with a mean tractive force F| on the coupling, such that the resulting braking rate
z,a 8s given by the formula in 20.4.4.3 is [0,07].

If the tractive power of the towing vehicle is insufficient, the test may be conducted at a lower speed, but over

a longer distance, as shown in Table 6. In order to adapt to optimum gearbox conditions, intermediate values,
may be chosen by linear interpolation between the two nearest values.

Table 6 — Speed and distance

Speed, v Distance
km/h m
40 1700
30 1950
20 2500
15 3100

20.4.4.5 Braking efficiency test with hot brakes

This test shall be carried out from [40] km/h under the same conditions as for the cold effectiveness test in
accordance with 20.4.2, except for the high brake temperature. It is imperative to use the same pressure p, in
the brake actuators as was recorded for the cold effectiveness test. Vehicle movement for this test shall
commence within [60] s after the end of the heating phase (as 20.4.4) with maximum acceleration being used
to gain speed and with braking commencing as soon as 40 km/h is reached.

The calculated value of the braking rate from the measurements made shall reach:

a) [60] % of the braking rate of the basic test calculated in 20.4.2.3, and;

b) the value of z g or the value of z,5 (depending upon whether all axles or only one is braked) > [0,36].

20.4.4.6 Free running test — Automatic brake adjustment device

For vehicles fitted with automatic brake adjustment devices, e.g. automatic slack adjusters, check that
following the hot test (20.4.4.5) one of the following conditions is fulfilled:

— all wheels are running freely at a temperature below 100°C, and may be rotated by hand; or

— when the trailer is driven at a constant speed of v = 60 km/h with the brakes released the asymptotic
temperatures do not exceed a drum/disc temperature increase of 80 °C.

20.4.4.7 Presentation of results
The following results shall be recorded:

a) achieved braking rate of motor vehicle and trailer combination, z, in the cold effectiveness test and in
the test with hot brakes;

b) calculated braking rate of test axle z,,, or trailer z,g, in the cold effectiveness test and in the test with hot
brakes;

c) speed and test distance (see 20.4.4.4);
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d) pressure p, in the brake actuators in the cold effectiveness test and in the test with hot brakes;

e) control line pressure p,, and the corresponding digital values in the case of an electric control line in the
cold effectiveness test and in the test with hot brakes;

f)  longitudinal force on mechanical coupling F| (if appropriate);

g) time elapsed between the end of the heating phase and commencement of braking with hot brakes.

If the axle(s) tested is (are) intended to serve as reference axle(s), complete the test report given in Annex B.
20.5 Type lll test (fade test for vehicles of category O,)

20.5.1 General
This test applies to:

— an Oy trailer, and/or;

— an axle or axles intended to serve as reference axle(s).
The complete type Il test may alternatively be carried out on a dynamometer (see 14.2).

Under certain conditions, the road test specified below may not be required (see Clause 15).

20.5.2 Cold effectiveness test

The cold effectiveness test according to Clause 18 (but in the laden condition) shall be carried out prior to the
heating phase.

20.5.3 Adjustment of the brakes — Automatic brake adjustment device

For vehicles fitted with automatic brake adjustment devices, e.g. automatic slack adjusters, the following
procedure is carried out prior to the heating.

De-adjust the automatic brake adjustment device so that the actuator stroke Sy > 1,1 Sg_5gjust @and with an
actuator pressure of [0,2] MPa (= 2 bar) apply and release the brakes [50] times in succession. Following the
50th application, make a further brake application with an actuator pressure of > [0,65] MPa (= 6,5 bar).

The upper limit of Sp > 1,1 S;o ag5ust Shall not exceed a value recommended by the manufacturer of the
automatic brake adjustment device.

Where it is impractical to measure the actuator stroke, the automatic brake adjustment device shall be

released so as to create sufficient clearance in the brake that allows the automatic brake adjustment device to
function.

20.5.4 Test procedure

20.5.4.1 General
20.5.4.1.1 The heating of the brakes is carried out by a drag test on a level road (see 20.4.3).

20.5.4.1.2 This test shall be carried out with a towing vehicle in accordance with paragraph 8.5 and, if
necessary to increase the tractive effort, with an additional towing vehicle as in paragraph 8.9.

20.5.4.1.3 This test is carried out by braking all of the axles of the motor vehicle and trailer combination or
only the trailer axles.
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To derive a single axle braking rate, the conditions of 18.1.1.1 should be adapted as follows:

FM + FRU + FRb
+

ZaA = (ZaC _Zr) X Zr

FRrp

with the trailer only being braked, or with the whole combination being braked and F| (coupling thrust)
measured, the conditions of 18.1.1.2 are adapted as follows:

_ zac % (R -F) Fry
o T FRo T T

20.5.4.2 Heating phase

The whole test consists of [20] brake applications and the time for one brake cycle (time between the initiation
of one brake application and the initiation of the next) is [60] s. The required pressure input to the brakes of
the test axle(s) shall generate a deceleration of [3] m/s2 on the first brake application and this input level shall
be maintained on subsequent applications.

The speed v, at the beginning of each brake application is [60] km/h with the braking being continued until a
speed v;is reached, where v; is calculated from:

F
FM"'FRu"'%

Fm+t FrRut FRb

V¢ ZVS

20.5.4.3 Braking efficiency test with hot brakes

This test shall be carried out under the same conditions as for the basic test as in 20.5.1, with p,, at the same
pressure as in that cold effectiveness test.

Vehicle movement for this test shall commence within [60] s after the end of the heating phase in accordance
with 20.5.2, and with maximum acceleration to [60] km/h so that braking commences within the shortest
possible time.

The value of the braking rate calculated from the measurements made shall reach:

— [60] % of the braking rate achieved in the type O test as calculated in 18.1.1.1 (but for the laden
condition); and

— depending upon whether all axles or just one axle is braked, a value of z g or of z,, respectively, at least
equal to [0,4].

20.5.4.4 Free running test — Automatic brake adjustment device

For vehicles fitted with automatic brake adjustment devices, e.g. automatic slack adjusters, check that
following the hot test (20.5.4.3) one of the following conditions is fulfilled:

a) all wheels are running freely at a temperature below 100°C, and may be rotated by hand;

b) when the trailer is driven at a constant speed of v =60 km/h with the brakes released, the asymptotic
temperatures do not exceed a drum/disc temperature increase of 80 °C.
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20.5.5 Presentation of results
The following results shall be recorded:

a) achieved braking rate of motor vehicle and trailer combination, z, in the cold effectiveness test and in
the test with hot brakes;

b) calculated braking rate of test axle z,,, or trailer z g in the cold effectiveness test and in the test with hot
brakes;

c) pressure p, in the brake actuators in the cold effectiveness test and in the test with hot brakes;

d) control line pressure p,,,, and the corresponding digital values in the case of an electric control line, in the
cold effectiveness test and in the test with hot brakes;

e) longitudinal force on mechanical coupling F| (if appropriate);
f) time elapsed between the end of the heating and commencement of braking with hot brakes.

If the axle(s) tested is (are) intended to serve as reference axle(s), complete the test report given in Annex B.

Table 7 — (see 15.2.2)

Axles of the Trailer Reference Axles
Technically Required [ Speed of trailer| Axle mass as Braking force Speed of
admissible | braking force (heating tested developed per wheel
Axle maximum | at the wheels phase) axle at the wheels | (heating
mass per axle| (typelor (type I or type lll phase)
type lll tests) tests)
kg N km/h kg N km/h
Type | Test
No. 1
No. 2
No. 3
Type lll Test
No. 1
No. 2
No. 3
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Actuator stroke, calculated values from 15.2.3.1

Type | test Type lll test
Sa Sa
mm mm
Axle No. 1 < =
Axle No. 2 < >
Axle No. 3 < >
Average output thrust, determined values from 15.2.3.2
Fp At pressure p,
N bar
Axle No. 1
Axle No. 2
Axle No. 3
Camshaft input torque, calculated values from 15.2.3.3 @
¢ Cadm
Nm Nm
Axle No. 1
Axle No. 2
Axle No. 3
@ Brake actuator output thrust (F, and Fpadm, N) if appropriate
Braking forces, calculated values from 15.2.3.4
Type | test Type Il test
Fga Fga
N N
Axle No. 1
Axle No. 2
Axle No. 3

Sum of braking forces

Fgar =X Fga=N

Fgagr=ZFga =N

Hot braking rate, calculated values from 15.2.3.5

with z =

Type | test Zg g =

Type Ill test Zg =

A 1aA AnAAT Al
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Annex A
(normative)

Description of test vehicle, axle or brake

A.1 Test vehicle

Trade NAIME OF MATK: ...ttt e e e e et et e e e ea bt e e e oat et e e e et et e e e s b et e e e ra b et e e eate e e e e anreeeesaareeeessreeeeeaa
(01 (=To (o] Y/ SO OPORPPP
Type and identification NUMDET: ... .. et e e e e s sbeeee e
Manufacturer's NAME and AAAIESS: .....oii ittt e e bt e s b et e e e be e e e abe et e s bt e e e e s nne e e e aneee s
Total maximum calculated mass (ISO 1176, code: ISO-MOT7): ......ooiiiiiiiiiiiiie e
Distribution of maximum mass 0N aCh AXIE: ..........uiiiiiiiii e
I UR O UPOTPURR PRI
MaXimUM dESIGN SPEEA: ....coi ittt ettt et e e a ettt e e sttt e e e aa b et e e e aab et e e e aab et e e e ane et e e bbee e e e nne e e e nanneeeas
Number and arrangemeENt Of GXIES: .........uuuiiiiiii it e e e e e e e e e e e e s e et e e e e e e e e s rreeeaaeeaeaans
Brief description of braking €qQUIPMENT: ........oooi e e e e e e e e s e e st e e e e e e e e

Brief description of antilock braking system/electronically controlled braking system (including reference
(10T aloT oy B (oY A =T o To T {5 ) SO OPOPPPPN

Table A.1 — Mass of vehicle at the time of testing

Unladen mass Laden mass
kg kg
Axle No. 1
Axle No. 2
Axle No. 3
Axle No. 4
Total

NOTE For a semi-trailer indicate in the line “Axle No. 1” the mass on the fifth-wheel coupling and for a centre-axle trailer
indicate in the line “Axle No. 1” the static mass supported by the towing vehicle.
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A.2 Test axle

Trade NAME OF MATK: ..ottt e e et e e e et et e e e ea b et e e e s r et e e e s b et e e e ere e e e e anr et e e s aareeeesarneeeeas
L1771 SN
Manufacturer's NAMe and AAArESS: ........ocuiiiiiiiiiie et aa e b e bbb naneas

Technically permissible Mass PEIr @XIE: .....oooi ittt e e e e e e e et e e e e e e eanneeeeeeeeeeaannneeees

A.3 Test brake

Trade NAME OF MATK: ..ottt e et e e e et e e e s b et e e e s b et e e e e b et e e e ere e e e e anr et e e s aareeeesaareneenas
LR/ LI 11 1 LY [ oSSR
Manufacturer's NAMe and AAArESS: ........ocuiiiiiiiiiie et ea e bbb

Automatic brake adjustment deVICE ......cccooeeiiieiiee e, integrated/not integrated

A.3.1 Drum

1) T g E=T I =T T (=T PSR
Q=T = IR To 11 o SRR
= E = OO PP PR PPPPTPPPRN

1Y F= 1 =Y 4=

A.3.2 Disc

NOMINAI €ffECHIVE FATIUS: .....ooiie ettt e e e et e e e b e e e e e s e e e e enbe e e e e nres
LI 11 =T PSPPSR
= E T SRR

1Y E= 1Y = ST

A.3.3 Brake lining/pad
Trade name or mark and identification (which shall remain visible when lining is mounted): ..................cccuun.

Manufacturer's NAME AN AAAIESS: ........uueiiiiieeieeee et e e e e e ettt e e e e e e et ae b e eeaesteeeasbann s eeeeeseeeranas

[N\ Lo)0 a1 Ta =1 IR {1 (o] N [T SRR
Surface area (of all ININGS/Pads Per Brake): ........cooo e
1Y/ (=1 {gToTo Moy l=1 =11 a0 0 1=) o | SART TR

* In the case of tapered drum brake linings, the nominal thickness is taken as the thickness dimension 19,2 mm from the
thick end.
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A.3.4 Wheel

Single or twin (delete as applicable)

0 (] 4= TSP ERSRRP
Axial distance from rim flange to open end of drum or t0 diSC: .......ccoiiiiiiiiiii
LI R UP ORI
(o] T g Yol e=To IO L3 (o 1Y/ g =T 1 411 PR

Technically permissible maximum mass per Wheel: ...

A.3.5 Actuation

ManUFACIUrEr OF @CIUATOT: ... bt e b et sr e ettt esbe e e st e e e sabeenneeea
Type Of ACtUALOr AN STIOKE: .....ociiiieiei et e e e e e et e e e e e e e e e eb b ae e e e e e sesaaabeaeeeaeeesannnnraees
[T =T o T |1 o PSPPI
Type and make Of SIACK AdJUSTEI™: ... . ettt e e bt e e sa et e e s aabe e e e s sabeeeaeaas

* In the case of disc brakes, may not be necessary.

A.3.6 Automatic brake adjustment device (not applicable in the case of an integrated
automatic brake adjustment device)

Manufacturer (NAME aNd AAAIESS): .......uuuiiiiiie e e e e e e e e e e e e e e e e e e e eaeeeeasassbeeeeeseesnabsreeeaaesaeanans

= 1

AV Z=T551 (o o AT TR

A .
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Annex B
(normative)

Test report
Test report no. ............. of reference axle no. ...............

Y o] o] 1= ) S
B =TS Qe b= (SRS
Axle

1Y E= T a1V 2= T3 (0 <Y TP

Technically permissible Mass PEIr @XIE: ......ooi ittt e e e e e e e e e e e e e e ennneeeeeaeeeeaannnneees
Brake

1Y E= TR 10 =13 (0 [ SRR

Technically admissible camshaft input torque; Cagme: «e-veoeereeremrememiie e

Maximum technically admissible camshaft input torque; Cpaxe: «+veoveerereererenieiei

Automatic brake adjustment device: integrated/not integrated

Brake Drum

Y E= T a0 = o2 0 T TP PPUUPR TP
INTErNAl AIAMETET: ...ttt e ettt e e s e e e e e bt et e e sttt e e e e et e e snn et e e s e e e s s
EXEEINAL WIAHN: ....ooieeeecececeeee ettt s e a et s e a ettt s s e e s s ettt en e et enn s
= E 1= OO O PP U PP PUPPPPPPPPRPN .
Y = C=Y = RO
Brake Disc

1Y E= T a1V 2= T3 (0 <Y TP
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NOMINAI FfECHVE FAAIUS: ... .o e ettt e e e et e e e e e e e e e e e e e e e e e e en s e e enaeeeenaas

Bl 2116 g LT TR

11/ L (=3 =SOSR
Brake lining/pad

Y E= T o101 2= 1o (| (=Y TP

NOMINAT HNICKNESS™: .ot e oo e ettt e e e e e e s e bt e e e e eeeeesaabasaeeeeeeasbsseeeeeaseesaabsseneeaeeaeanans
Surface area (of all lINiINGS/PadSs PEI DraKe): ......eooiiiiiiiee e e e e e e e e s
Method Of @ttaChMENT: ... et e e e e e e e e e e e e e st e b e e e e e e e e seabareeeeaeeeeaans

* In the case of tapered drum brake linings, the nominal thickness is taken as the thickness dimension 19,2 mm from the
thick end.

Wheel

Single or twin (delete as applicable)

1 R4 TP PSSO PRSP PPTPPPPPII
Tyre

(D) aF=Ta T (o yo] [ Ta T [ = To LU
Brake actuator

Y =Yg T 7= o (1] T OSSP
TYPE @NA MOEL: ...ttt e oottt e e o bt e e e et e et e e e bb e e e e ebbee e anbe e e e e anbeeeeeaabeeeeeabaeeaean
[T =T 0T |1 o PSPPI
* In the case of disc brakes, may not be necessary.

Automatic brake adjustment device (not applicable in the case of an integrated automatic brake
adjustment device)

Manufacturer (NAME aNd AAAIESS): .......cuuuiiiiieei i e e e e e e e e e e e e e e e s e e e e eaeeesasaareeeeeseeansrsreeeaeeeaeaaans

= 1

A=Y =1 (] o TR

AQ .
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Table B.1 — Tests carried out

High speed rolling road

Tests Road Inertia dynamometer

dynamometer
Type O
Cold effectiveness
Type |
Type llI
Table B.2 — Test results
Type | test Type Il test
Characteristics Unit Cold Heating | Hot brake Cold Heating | Hot brake

effective- phase test effective- phase test

ness test ness test
Initial speed v, km/h 40 40 40 60 60
Final speed v; km/h — —
Constant speed v km/h — — — —
Pressure in brake actuator bar
Number of brake applications — — — — — 20 —
Duration of each braking cycle S — — — — 60 —
Duration of braking min. — 2,55 — — — —
Braking Fq N — — — —
Braking Fgp,e N — — — —
Braking F N — — — —
Braking rate z, —
Heating phase braking rate z,, — — — — —
Hot brake braking rate z, .. — — — — —
Brake actuator stroke s, mm
Camshaft input torque C, Nm N — —
Actuator output thrust F  * - -
Threshold input torque C, Nm N — —
Threshold actuator thrust Fp . * - -
NOTE Choice of appropriate one depends on the design of the wheel (foundation) brake.
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Annex C
(informative)

Figures

NG PPN \ @%‘i%
1
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A
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b

Key

test connection

energy supplying device
transmission device
supply, red

brake, yellow

ABS electronic control
control device

N O b WN -

Figure C.1 — Typical trailer service and automatic air braking system with pressure test connections
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Figure C.2 — Typical semi-trailer service and automatic air braking system
with pressure test connections
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A
A
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R2/R3

% R1 vV
|
|

3 Ai iRA
"\—l><{:.‘ d><1—u%u VRU

TA

L

»
\

A

R1

} .
| =TT
|

T PP
. C1 .
C
! ! Cc2
a a

b) Trailer test

CF

I

Components

A

supply connection with shut-off valve

C1 pressure switch in the simulator, set at 0,65 bar and 4,9 bar
C2 pressure switch to be connected to the brake actuator of the trailer, to operate at 75 % of the asymptotic pressure
in the brake actuator, CF
CF brake actuator
L line from orifice O up to and including its coupling head TC, having an inner volume of (385 +5) cm3 under a
pressure of 6,5 bar
M pressure gauge
(e} orifice with diameter of not less than 4 mm and not more than 4,3 mm
PP pressure test connection
R1 30 | air reservoir with drain valve
R2 calibrating reservoir, including its coupling head TC, (385 + 5) cm3
R3 calibrating reservoir, including its coupling head TC, (1 155 + 15) cm3
RA  shut-off valve
TA coupling head, supply line
TC coupling head, control line
\% braking control device
VRU relay emergency valve
a To electronic chronometer.
b Braking equipment of trailer to be tested.
¢ 0,65 bar (= 0,065 MPa).
d 4.9 bar (= 0,49 MPa).
Figure C.3 — Example of pneumatic simulator (see 10.2)
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M
A
E]—M&[]\\Lﬂ— VRU

A

i

—
I
I

ECL

|
SIMU

PP >

CF

C2

ECL electric control line corresponding to ISO 7638-1 and ISO 7638-2

SIMU  simulator of Byte 3,4 of EBS 11 according to ISO 11992 with output signals at start, 0,65 bar and 6,5 bar

A supply connection with shut-off valve

Cc2 pressure switch to be connected to the brake actuator of the trailer, to operate at 75 % of the asymptotic pressure

in the brake actuator CF
CF brake cylinder
M pressure gauge
PP pressure test connection
TA coupling head, supply line
VRU relay emergency valve

a Braking equipment of trailer to be tested.
b To electronic chronometer.

¢ 0,65 bar (= 0,065 MPa).

d Start.

e 6,5 bar (= 0,65 MPa).

Figure C.4 — Example of a simulator for electric control lines (reference paragraph 10.2)
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