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Statement of technical rationale and justification

Introduction

1. Over recent years there has been a sharp increase in international interest to
characterise non-exhaust emissions of particles from road transport. Until recently, exhaust
sources dominated road transport emissions, and all regulatory efforts have been aiming at
their reduction. As exhaust emissions were reduced due to increasingly stringent regulations,
the relative contribution of non-exhaust emissions to overall ambient concentrations of
particulate matter increased.

2. Most manufacturers produce vehicles for a global clientele, or at least for several
regions. Since manufacturers tend to cater to the preferences, needs, and lifestyles of specific
geographic regions, vehicle designs will vary worldwide. As compliance with different
emission standards in each region can create burdens from an administrative and vehicle
design point of view, vehicle manufacturers tend to have a strong interest in harmonising
brake emission test procedures and performance requirements on a global scale. Global
harmonisation is also of interest to regulators as it offers more efficient development and
adaptation to technical progress, potential collaborations with market surveillance, and
facilitates the exchange of information between regulatory authorities.

3. In this context, stakeholders launched the work for this United Nations Global
Technical Regulation (UN GTR) on Worldwide harmonised Light vehicle Test Procedures
(WLTP) for particle emissions from brake wear. This UN GTR aims to harmonise test
procedures for emissions from Light-Duty Vehicles (LDV) to the extent possible. Laboratory
test procedures need to represent real driving conditions as much as possible and to enable a
direct comparison between the performance of vehicles during certification procedures and
in real life. However, this aspect puts some limitations on the level of harmonisation to be
achieved. Furthermore, different countries will show varying levels of development,
population densities, and costs associated with braking system technology. Consequently, the
regulatory stringency of legislation is expected to vary from region to region for the
foreseeable future. Therefore, the definition of emission limit values is not part of this UN
GTR. Nevertheless, the long-term goal is still to define globally harmonized performance
requirements and emission limits in forthcoming amendments to this GTR.

4, UN GTRs are intended to be implemented into regional legislation by as many
Contracting Parties as possible. The selection of vehicle categories to be covered by the scope
of regional legislation represents a challenge as it depends on regional conditions that cannot
be anticipated. However, according to the provisions of the 1998 UN ECE agreement, a UN
GTR being implemented by a Contracting Party must apply to all vehicles, conditions, and
equipment falling under its formal scope. Therefore, care must be taken in developing the
scope of the UN GTR, as an unduly large formal scope may prevent or hamper its
implementation into regional legislation. For this reason, the formal scope of this UN GTR
is limited to Light-Duty vehicles up to 3500 kg. This limitation does not, however, indicate
that the scope of this UN GTR should not be applied to a larger group of vehicle categories
when implemented into regional legislation. Indeed, Contracting Parties are encouraged to
do so if this is feasible and appropriate from a technical, economical, and administrative point
of view.

5. A harmonised approach for measuring brake particle emissions would allow
manufacturers to better understand the behaviour of different brake systems, reduce
inconsistencies in results and; therefore, compare them more efficiently, and develop
strategies to decrease brake emissions.

6. This version of the UN GTR does not contain test requirements specific to other types
of vehicles e.g. off-road, special purpose, and heavy-duty vehicles. Thus, these vehicles are
not included in the scope of this UN GTR. However, Contracting Parties may apply the
provisions within this UN GTR to such vehicles to the extent possible from a technical point
of view, and complement them with additional provisions in regional legislation e.g. brake
emission testing with different types of friction materials or mating parts.
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B.

Procedural background and future development

7. In 2013, following the submission of informal documents by the Russian Federation,
UNECE WP.29 agreed with the GRPE decision to task the Informal Working Group on
Particle Measurement Programme (IWG on PMP) to investigate the issues concerning the
emissions of non-exhaust emissions of particles from road transport. The main objective of
the IWG on PMP was to investigate whether there is a need to extend particle measurement
procedures to additional sources such as brake, tyre, and road wear.

8. The IWG on PMP identified brake and tyre wear as the most relevant sources of non-
exhaust emissions of particles from road transport and selected them as the main topics for
future investigation (Informal document GRPE-69-23). With regards to brake wear
emissions, the primary task of the IWG on PMP has been to define a set of “normal” or
“typical” driving conditions, investigate the suitability of existing driving cycles for studying
brake particle emissions, and develop a novel test cycle reproducing the driving and braking
activity of Light-Duty vehicles in real-world conditions. Other main tasks included the
broadening of the IWG on PMP to include non-exhaust experts, the development of
guidelines and best practices for sampling and measuring brake wear particles, and the
establishment of minimum requirements to report test results.

9. Following the approval by AC.3 of the first mandate of the IWG on PMP regarding
non-exhaust emissions in June 2013, the IWG on PMP aimed to accomplish the following
objectives, which were completed by June 2016:

(@)  Conduct a literature survey summarising the current knowledge on the
physical/chemical nature, mass, number, and size distribution of non-exhaust particle
emissions (JRC 89231 — EUR 26648);

(b)  Identify and report the main knowledge gaps and the needs for future research.
These findings were included in a report submitted to the 69th GRPE session (Informal
Document GRPE-69-23);

(c)  Establish a group of experts in the field of non-exhaust emissions, sharing
information and ongoing research on topics related to non-exhaust emissions;

(d)  Analyse the WLTP database to define normal and extreme driving conditions,
and gather information on existing methodologies for sampling and measuring non-exhaust
emissions;

(e)  Consider the most suitable testing approach for brake emissions, and define
the pros and cons of different available options (brake test rig, full vehicle chassis dyno,
vehicle on-road, etc.).

10.  Inthe context of point (e), the IWG on PMP extensively discussed several options for
a standardised method to sample and characterise brake wear particles, and eventually
selected an approach based on a fully-enclosed brake dynamometer. This method allows the
sampling of particles from brake wear without interferences from other sources and
minimises particle losses over the entire sampling and measurement line. Furthermore, brake
dynamometers offer a flexible platform to test different brakes under various driving
conditions and vehicle loads. The laboratory setup needs to enable repeatable and
reproducible measurements at least for a defined set of core parameters. An appropriate
installation of the laboratory setup will then allow the end-user to select additional values
worth measuring, within the capabilities of the system.

11. A second mandate for the IWG on PMP with specific reference to non-exhaust
emissions was approved in June 2016 by AC.3. The IWG on PMP was mandated to develop
a commonly accepted test procedure for sampling and assessing brake wear particles both in
terms of mass and number. The methodology would aim to provide the necessary tool to
support future studies on brake emissions that can be easily compared. During the reporting
period of the mandate (2016-2019) the following items were addressed:

(a) Development and validation of a novel test cycle appropriate for the
investigation of brake wear particles;
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(b)  Investigation and selection of the appropriate methodologies for particle
generation and sampling;

(c) Investigation and selection of the appropriate instrumentation for the
measurement and characterisation of brake wear particles.

12.  After completing a thorough analysis regarding the suitability of existing brake cycles,
the IWG on PMP decided to proceed with the development of a novel test cycle appropriate
for the investigation of brake wear particles. Therefore, the IWG on PMP decided to create a
dedicated Task Force (TF1) to accelerate the development of a test cycle in October 2016. In
September 2017, the IWG on PMP decided to create a dedicated Task Force (TF2) to
investigate and select the appropriate methodologies and instrumentation for the
measurement of brake wear particles. TF2 initiated its activities in October 2017.

13.  During the reporting period (2016-2019), the IWG on PMP aimed to accomplish the
following objectives:

(a)  Selection of the brake test rig methodology for the generation and sampling of
brake wear particles;

(b)  Agreement on the method’s target measurement parameters. TF2 agreed
unanimously that both PM (PM o and PM 5) and PN (>10 nm) emissions shall be addressed;

(c)  Development and publication of the WLTP-Brake cycle. The cycle is based on
real-world data extracted from the WLTP database and is considered representative of real-
world applications;

(d)  Validation of the WLTP-Brake cycle through an interlaboratory accuracy study
exercise which was completed in 8 different laboratories in Europe and the United States;

(e) A thorough analysis of the existing methods and setups for the sampling and
measurement of brake particle emissions. Agreement on the need of defining a set of
minimum specifications and requirements for sampling and measurement of brake particle
emissions.

14.  The mandate for the IWG on PMP regarding non-exhaust emissions was further
extended in June 2019 by AC.3. The revised mandate included an additional item compared
to 2016, which foresaw the validation of the proposed methodology for the measurement and
characterisation of brake wear particles. During the reporting period (2019-2020), the IWG
on PMP aimed to accomplish the following objectives:

@) Update the GRPE of the work of the IWG on PMP (TF1) on the development
of the novel WLTP-Brake cycle and its application in the measurement and characterisation
of brake emissions at brake dynamometer level;

(b)  Afirstdiscussion on how to address future technologies took place at the IWG
on PMP level following the request of several GRPE stakeholders.

15.  The mandate for the IWG on PMP regarding non-exhaust emissions was further
extended in June 2020 by AC.3. Following the discussion at the IWG on PMP level, the
revised mandate included the extension of the proposed methodology to future technologies.
In June 2020, several GRPE Contracting Parties urged the IWG on PMP to start considering
a possible use of the proposed method as a regulatory tool. Therefore, the IWG on PMP was
requested to start looking at the necessary changes and adaptations to extend the method to
all existing technologies and other vehicle categories.

16.  Stakeholders and Contracting Parties discussed the possible approaches to regulate
brake particle emissions in a workshop in January 2021. The main topics discussed during
the workshop include:

(@)  The ideal scheme for regulating brake emissions from conventional ICE Light-
Duty vehicles;

(b)  How to handle non-conventional Light-Duty vehicles (i.e. HEVs, PEVS) in a
possible future regulatory approach;

(c)  Heavy-Duty vehicle brake emissions and possible approaches.
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17.  As a follow-up of the workshop, the interested Contracting Parties and the IWG on
PMP recommended that a UN GTR on brake PM and PN emissions from all types of Light-
Duty vehicle brake systems is developed under a new mandate. Therefore, the representatives
of the European Union, the UK and Japan sought and obtained authorisation from AC.3 to
develop a new UN GTR on brake PM and PN emissions from all types of LDVs brake
systems.

C. Background on the technical work of the PMP group

18.  The IWG on PMP decided to create a dedicated Task Force (TF1) to accelerate the
development of a test cycle in October 2016 (PMP 41% Session). The TF1 main tasks included
the definition of testing parameters such as dynamometer climatic controls, the definition of
the temperature measurement method, the development of a methodology for adjusting the
cooling airflow based on real-world vehicle data, the support for the development of a novel
test cycle, and the validation of the novel test cycle through an Inter-Laboratory Study. The
novel WLTP-Brake cycle was developed in July 2018 and presented to the IWG on PMP in
November 2018 (PMP 48" Session). The WLTP-Brake cycle was validated through an Inter-
Laboratory Study 1 (ILS-1) with the participation of eight testing facilities. The results of the
validation were presented to the IWG on PMP in April 2019 (PMP 50" Session). TF1
concluded its activities in October 2019 having completed 30 meetings.

19.  The IWG on PMP decided to create a dedicated Task Force (TF2) to investigate and
select the appropriate methodologies and instrumentation for sampling and measurement of
brake wear particles (PMP 43" Session). TF2 main tasks included the definition of the
appropriate test setup for sampling and measuring brake particle emissions, the definition of
the appropriate instrumentation for sampling and measuring brake particulate matter
emissions, the definition of the appropriate instrumentation for sampling and measuring
brake particle number emissions, and the definition of the appropriate protocol for sampling
and measuring brake particle emissions. The TF2 submitted its recommendations for the
minimum specifications for testing brake particle emissions to the IWG on PMP in July 2021
(PMP Web Conference 15.07.2021). TF2 recommendations were applied to the Inter-
Laboratory Study 2 (ILS-2) to test their suitability and improve the proposed protocol. TF2
resumed its activities after the completion of the ILS-2 to finalise the protocol and prepare a
proposal for the draft UN GTR to the IWG on PMP. The proposal was presented to the IWG
on PMP in June 2022 (PMP Web Conference 15.06.2022). TF2 concluded its activities in
June 2022 having completed 45 meetings.

20.  The IWG on PMP decided to create a dedicated Task Force (TF3) to organise and
execute the ILS-2 in March 2021 (PMP Web Conference 24.03.2021). The TF3 main tasks
included the organisation and execution of the ILS-2, the verification of the feasibility and
applicability of the defined specifications for sampling and measuring brake particle
emissions, the examination of the repeatability and reproducibility of PM and PN emission
measurements with the application of the defined specifications, and the preparation of
recommendations to the TF2 on further improving and/or extending the set of the defined
specifications. The ILS-2 was launched in September 2021 and finalised in January 2022.
The results of the ILS-2 were presented to the IWG on PMP in March 2022 (PMP Web
Conference 29.03.2022). TF3 concluded its activities in April 2022 having completed 6
meetings.

21.  The IWG on PMP created a dedicated Task Force (TF4) to investigate and select the
appropriate methodology for including non-friction braking to the testing protocol (GRPE-
83-20e). The TF4 elaborated on 5 different proposed methodologies which were presented
to the IWG on PMP. JRC presented the final proposal to the IWG on PMP in December 2022
(PMP Web Conference 13.12.2022). TF4 concluded its activities for the submission of the
GTR on brake emissions in December 2022 having completed 21 meetings. TF4 will
continue its activities with a view on a possible amendment of the proposed friction braking
share coefficients for calculating PM and PN emissions from non-friction braking.
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22.  This UN GTR provides all the information necessary to carry out brake particle
emissions testing in the laboratory. The main elements of the protocol contained in this UN
GTR include:

(@)  References, definitions, and terminology applying to the methodology for
sampling and measuring particles from brake wear emissions;

(b)  General requirements and capabilities of the required test setup. Main test
conditions for the different elements of the overall setup;

(¢)  Adetailed description of the WLTP-Brake cycle;

(d) A detailed description of the different sections of a brake emissions test,
including cooling airflow adjustment, bedding procedure, and emissions measurement;

()  Minimum requirements to report results from the dynamometer test including
actual emissions measurements and metrics.

23.  Future work to further expand the protocol contained in this UN GTR might address:
@) Definition of a real-world cycle/s for use in the laboratory;
(b)  Adaptation of the proposed methodology to include future technologies;

(c)  Adaptation of the proposed methodology to address brake emissions from
heavy-duty vehicles.
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3.1.
3.1.1

3.1.2.

3.1.3.

3.1.4.

3.1.5.

3.1.6.

3.1.7.

Text of the GTR

Purpose

This Global Technical Regulation (UN GTR) provides a worldwide
harmonised methodology for the measurement of brake wear particulate matter
and particle number emissions from brakes used on Light-Duty vehicles.

This UN GTR defines the test cycle, minimum system requirements, test
conditions, and equipment preparation to execute the WLTP-Brake cycle using
brake dynamometers. This UN GTR also provides requirements for the design
and set up of test systems to measure brake emissions, including requirements
on calibration and validation of test equipment.

Scope and application

This UN GTR applies to vehicles using some type of friction braking, using a
combination of dry friction materials and a mating brake disc or brake drum.
This UN GTR applies to vehicles using some form of friction braking in its
service braking system or secondary braking system.

This UN GTR applies to category 1-1 and category 2 vehicles with a fully
laden mass below 3500 kg. The Contracting Parties shall make a decision
about the applicability of this UN GTR to Small VVolume Manufacturers for
their jurisdiction.

Definitions

Vehicle and Brake Dynamometer settings

"Category 1 vehicle" means a power-driven vehicle with four or more wheels
designed and constructed primarily for the carriage of one or more persons.

"Category 1-1 vehicle" means a category 1 vehicle comprising not more than
eight seating positions in addition to the driver's seating position. A category
1-1 vehicle may not have standing passengers.

"Category 2 vehicle" means a power-driven vehicle with four or more wheels
designed and constructed primarily for the carriage of goods. This category
shall also include (a) Tractive units and (b) Chassis explicitly designed to be
equipped with special equipment.

"Mass in running order" is the mass of the vehicle, with its fuel tank(s) filled
to at least 90 per cent of its capacity, including the mass of the driver, fuel, and
liquids, fitted with the standard equipment in accordance with the
manufacturer's specifications and, when they are fitted, the mass of the
bodywork, the cabin, the coupling and the spare wheel(s) as well as the tools.

"Mass of the driver" means a mass rated at 75 kg located at the driver's seating
reference point. In the context of the current regulation, the term "mass of
additional 0.5 passengers" means a mass rated at 37.5 kg.

"Maximum vehicle load" means the technically permissible maximum laden
mass minus the mass in running order, 25 kg, and the mass of the optional
equipment.

"Optional equipment" means all the features not included in the standard
equipment fitted to a vehicle under the manufacturer's responsibility and that
the customer can order.
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3.1.8. "Standard equipment" means the basic configuration of a vehicle equipped
with all the features required under the regulatory acts of the Contracting Party,
including all features that are fitted without giving rise to any further
specifications on configuration or equipment level.

3.1.9. "Vehicle test mass" means the mass in running order plus the mass of the
optional fitted equipment to an individual vehicle (kg) on which the tested
brake is mounted plus:

(@)  37.5 kg that corresponds to an additional mass of 0.5 passengers for
category 1-1 vehicle (or M1 vehicle category);

(b) 25 kg plus 28 per cent of the Maximum Vehicle Load (MVL) for
category 2 vehicles with a fully laden mass below 3.5t (or N1 vehicle
category).

3.1.10. "Road Loads" means the total force or power required to move the vehicle on
a level and smooth surface at a specified speed and mass. Road loads take
account of the frictional losses of the drivetrain. In this UN GTR, a reduction
of the brake nominal inertia by a fixed percentage of 13 per cent is considered
to account for road loads in full-friction braking emissions testing.

3.1.11. "Tyre dynamic rolling radius” means the tyre radius that equates to the
revolutions per kilometre (or revolutions per mile) published by the tyre
manufacturer for the specific tyre size (mm).

3.1.12. "Brake force distribution™ means the ratio between the braking force of each
axle and the total braking force expressed as a percentage for each axle.

3.1.13. "Nominal Wheel load" means the (equivalent) rotating mass as a function of
the total vehicle test mass, the axle under test (front or rear), and the brake
work distribution among the two axles. It represents the load at the brake corner
under testing before accounting for vehicle road loads.

3.1.14. "Test wheel load" means the (equivalent) rotating mass as a function of the
total vehicle test mass, the axle under test (front or rear), and the brake work
distribution among the two axles. It represents the load at the brake corner
under testing after accounting for vehicle road loads. Also referred to as
"Applied wheel load".

3.1.15. "Brake nominal inertia" means the inertia of the wheel load at the radius of
gyration equal to the tyre dynamic rolling radius, which imposes the same
kinetic energy on the brake as in the actual vehicle before subtracting the total
road loads for the vehicle.

3.1.16. "Brake test inertia” means the inertia of the wheel load at the radius of gyration
equal to the tyre dynamic rolling radius, which imposes the same Kinetic
energy on the brake as in the actual vehicle after subtracting the total road loads
for the vehicle. Also referred to as "Brake applied inertia™.

3.1.17. "Brake torque™ means the product of the frictional forces resulting from the
tangential actuating forces in a brake assembly and the distance between the
points of generation of these frictional forces and the axis of rotation. The brake
torque is a function of the hydraulic piston area, apparent friction coefficient,
and the effective brake radius of the brake corner.

3.1.18. "Hydraulic pressure™ means the net pressure supplied by the brake to generate
clamping force between the brake and friction material. The hydraulic
pressure, combined with the brake's friction coefficient and the effective brake
radius, induces the actual brake torque output.

3.1.19. "Threshold pressure™ means the minimum hydraulic pressure to overcome the
internal friction and seal forces, move the brake calliper's piston or drum wheel
cylinder, and onset brake torque output.
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3.1.20. "Piston diameter" means the diameter of the hydraulic piston(s) in the calliper
or drum wheel cylinder and is used to calculate the total piston(s) area. Also
referred to as "Hydraulic piston diameter".

3.1.21. "Piston area" means the active area of all hydraulic pistons acting on one side
of the brake calliper or drum brake cylinder.

3.1.22. "Effective brake radius™ means for a disc brake, the distance between the centre
of rotation and the centreline of the calliper piston(s) when assembled on the
fixture. For drum brakes, the effective radius is half of the drum's inner
diameter.

3.1.23. "Friction coefficient" means the ratio between the tangential force and the
normal force acting between the brake pad and the disc or the brake shoe and
the drum. For a disc brake, the apparent friction coefficient value from the
brake under testing is a function of braking torque, effective brake radius, and
the piston area. The apparent coefficient of friction is a calculated
(mathematical) value and is not directly measurable. Also referred to as "Brake
effectiveness”.

3.1.24. "Brake fluid displacement™ means the transient (volumetric) use of hydraulic
fluid by the brake calliper or the brake wheel cylinder during a brake
deceleration event.

3.1.25. "Average by time™ means the averaging method for a given measurand through
a brake event. The resultant value yields the same result as the integration
between two instances (threshold and end of level reached) divided by the
duration between the corresponding points.

3.1.26. "Average by distance” means the averaging method for a given measurand
during a brake event. The resultant value yields the same result as the
integration between two instances (threshold and end of level reached) divided
by the distance travelled (or driven) during this time-lapse.

3.1.27. "Sampling rate™ means the frequency with which the automation system
samples the various parameters. It represents the number of events that are
measured within 1 second for each parameter.

3.1.28. "Fast sampling rate” means the sampling rate for the data collection system
greater than or equal to 250 Hz. The “fast sampling rate" applies to the
dynamometer channels.

3.1.29. "Slow sampling rate" means the sampling rate for the data collection system
that is less than or equal to 10 Hz.

3.2. Test setup

3.2.1. "Brake dynamometer” means a technical system that imposes, controls, and
records the mechanical and electrical work from the brake under testing while
operating with a pre-programmed test procedure.

3.2.2. "Torque measurement sensor” means the electromechanical device that
converts the torsional strain on the brake assembly into the equivalent output.
The equivalent torque derives from the angular deceleration rate and the
effective brake inertia.

3.2.3. "Servo controller" means a system that modulates the braking torque or
hydraulic pressure to the intended (setpoint) value. The servo controller also
provides the algorithm to control the release of braking torque or pressure at
the end of the brake deceleration events.

3.2.4. "Climatic conditioning unit" means the air handling system which provides
clean, conditioned, and controlled cooling air into the transport duct and the
brake enclosure.

10
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3.2.5.

3.2.6.

3.2.7.

3.2.8.

3.2.9.

3.2.10.

3.2.11.

3.2.12.

3.2.13.

3.2.14.

3.3.
3.3.1.

3.3.2.

3.3.3.

"Cooling air" means the clean, conditioned, and controlled air provided to the
brake assembly by the climatic conditioning unit through the ducting as
required during the test and described in this UN GTR.

"Cooling air temperature” means the temperature of the cooling air stream
measured upstream of the brake enclosure.

"Cooling air relative humidity" means the amount of water vapour present in
the cooling air stream expressed as a percentage of the amount needed for
saturation at the same temperature. It is measured upstream of the brake
enclosure.

"Cooling air absolute humidity" represents the amount of water in grams
present in one kilogram of dry air. It is measured upstream of the brake
enclosure.

"Cooling airspeed" means the average speed of the cooling airstream measured
in real-time in a length of a straight duct with constant shape and cross-
sectional area.

"Cooling airflow" means the average flow of the cooling airstream provided to
the brake assembly.

"Maximum operational flow" means the maximum cooling airflow that the
system can achieve while fulfilling all relevant cooling air conditioning and
measurement requirements defined in this UN GTR.

"Minimum operational flow" means the minimum cooling airflow that the
system can achieve while fulfilling all relevant cooling air conditioning and
measurement requirements defined in this UN GTR.

"Brake enclosure” means an aerodynamically designed chamber through
which the cooling air enters from one end and exits from the other end. It is an
air-tight chamber that prevents untreated air from entering and mixing with the
cooling air flowing around the brake assembly. The brake enclosure shrouds
the brake assembly.

"Sampling Tunnel” means a rigid duct connecting the brake enclosure to the
sampling plane. It represents the part of the tunnel where the brake particles
emitted inside the brake enclosure travel towards the sampling and
measurement devices.

Brake hardware

"Brake under testing" means the friction brake assembly and its associated
vehicle parameters used by the testing facility to measure brake particle
emissions according to this UN GTR. Vehicle parameters include those from
the vehicle body, powertrain, and other systems that are required to calculate
the share of friction braking.

"Brake assembly" in the case of disc brakes means the set of matching brake
discs, brake pads, brake calliper, and associated hardware (to mount, secure,
and connect the brake assembly onto the brake fixture and the dynamometer)
for a given vehicle and axle application. In the case of drum brakes, the
hardware set comprises the brake drum, brake shoes, backplate assembly, and
associated hardware (to mount, secure, and connect the brake assembly onto
the brake fixture and the dynamometer) for a given vehicle and axle
application. The brake assembly mounts on a brake fixture to adapt and
connect to the brake dynamometer.

"Service brake" means the (friction or non-friction) braking system allowing
the driver to control, directly or indirectly and in a graduated manner, the speed
of a vehicle during normal driving or to bring the vehicle to a halt (standstill).

11
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3.3.4. "Full-friction brake" means a service brake mounted on a vehicle that uses
only the friction between a brake disc or drum and the mating friction
materials.

3.3.5. "Brake fixture" means a mechanical device or jig to mount the brake assembly

by connecting the tailstock (or non-rotating surface) to the brake dynamometer
shaft (rotating). The tailstock side (or non-rotating surface) absorbs the braking
torque and associated tangential forces. The rotating shaft transmits the kinetic
energy from the brake test inertia to the brake assembly.

3.3.6. "Universal style fixture™ means a brake fixture cylindrical and symmetrical
without additional extensions or protrusions different from those needed to
mount the brake assembly. A wheel hub is not included in the assembly.

3.3.7. "Post style fixture” means a dynamometer fixture that uses round and stiff
tubing and adaptors, instead of the vehicle knuckle, to mount the brake
assembly. A wheel hub is attached to complete the assembly.

3.3.8. "Brake calliper" means a mechanical device that converts driver brake pedal
input into a clamping force on the brake pads to generate braking torque.

3.3.9. "Brake disc" means a rotating, wearable device against which the brake calliper
clamps the brake pads in a disc brake assembly. This device acts as the primary
heat absorption and dissipation device as the brake corner transforms vehicle
kinetic energy into heat.

3.3.10. "Brake pad" means a wearable device that mounts onto the brake calliper
consisting of a structural (metal) pressure plate and a friction material element.
The brake pads clamp against the brake disc, generating a retarding friction
force and thus the brake torque.

3.3.11. "Brake drum" means a rotating, wearable mechanism against which the brake
wheel cylinder clamps the brake shoes in a drum brake assembly. This device
acts as the primary heat absorption and dissipation device as the brake corner
translates vehicle kinetic energy into heat.

3.3.12. "Brake shoe" means a wearable device consisting of an arced structural metal
shoe and a (bonded or riveted) friction material. The brake shoe is clamped
against the drum to generate friction and thus brake torque.

3.3.13. "Friction material part number" means the unique edge code to identify the
specific friction material supplier, formulation, and environmental marking.

3.3.14. "Disc or drum part number" means the unique code labelled by the
manufacturer to identify the specific disc or drum.

3.3.15. "Brake runout" means the total lateral displacement of a spot located either 10
mm radially outwards from the centreline of the outboard braking surface of
the brake disc or the total radial displacement of a spot located on the centreline
of the inner rubbing surface of the brake drum during one complete revolution.

3.3.16. "Running clearance" means the axial distance between the braking surface of
the disc and the brake pad during one complete revolution with the brake
released. For drum brakes, it is the radial distance between the inner diameter
of the drum and the brake shoe.

3.4. WLTP-Brake Cycle

3.4.1. "Driving cycle" means a series of data points representing the speed of a
vehicle versus time. The driving cycle consists of individual trips and each trip
consists of a series of separate and consecutive events. These events include
brake dwell, acceleration, cruising, and deceleration.

3.4.2. "WLTP-Brake cycle" means the driving cycle derived from the vehicle activity
of the Worldwide Light vehicle Test Procedure database with a total duration

12
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3.4.3.

3.4.4.

3.4.5.

3.4.6.

3.4.7.

3.4.8.

3.4.9.

3.4.10.

3.4.11.

3.4.12.

3.4.13.

3.4.14.

3.4.15.

3.4.16.

3.4.17.

3.4.18.

3.4.19.

3.4.20.

of 15,826 seconds plus the cooling sections in-between trips. The cycle
comprises ten trips and 303 brake deceleration events.

"Brake emissions test” means a sequence of three sections (cooling air
adjustment, brake bedding, and brake emissions measurement) to characterise
the particle emissions of the brake under testing.

"Cooling air adjustment"” means the section that follows a procedure with the
brake under testing to define the appropriate incoming cooling airflow for the
bedding and emissions measurement sections. Also referred to as the "Cooling
adjustment section".

"Brake bedding" means the section with a sequence of brake events to develop
a brake with a stable transfer layer, brake effectiveness, and brake emissions
behaviour before conducting the brake emissions measurement section. Also
referred to as the "Bedding procedure” or "Bedding section”.

"Brake emissions measurement™ means the section of the brake emissions test
where PM and PN emissions are sampled and measured. Also referred to as
the "Emissions measurement section".

"Brake acceleration event” means a measurable period during which the linear
speed increases to a predetermined set value at a known rate. This event always
precedes a brake cruising or a brake deceleration event.

"Brake cruising event™ means a measurable period during which the (hon-zero)
linear speed is constant.

"Brake dwell event" means a measurable and predictable brake pause at zero
speed during the cycle.

"Brake deceleration event” means a measurable period during which the linear
speed decreases at a known rate to a predetermined release speed during the
cycle.

"Deceleration rate" means the total rate of reduction in the linear speed of the
vehicle induced by the application of the service brake, the road loads, and the
non-friction torque from the electric machine.

"Brake stop" is the generic term denoting a brake deceleration event that brings
the vehicle to a halt or standstill.

"Brake snub™ means the generic term used to denote a brake deceleration event
that reduces the vehicle speed to a non-zero level.

"Soaking section™ means the section in-between trips when the brake is rotating
at low speed (approximately five or fewer revolutions per minute) waiting for
the brake to cool down and the initial brake temperature to reach the predefined
level for commencing the next cycle trip.

"Initial speed” means the speed of the vehicle at the start of a brake
deceleration event.

"Release speed" means the speed of the vehicle at the end of a brake
deceleration event.

"Nominal linear speed" means the target (or set) speed of the vehicle at the
time i per the WLTP-Brake cycle.

"Actual linear speed" means the linear speed of the vehicle at the time i during
the test cycle execution. Also referred to as "Measured speed".

"Speed violation" means any instance when the actual dynamometer speed
trace exceeds the speed trace tolerances prescribed in this UN GTR during the
WLTP-Brake cycle.

"Initial brake temperature” means the bulk temperature of the brake disc or
brake drum at the start of a given brake event during the WLTP-Brake cycle.

13
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3.4.21. "Final brake temperature™ means the bulk temperature of the brake disc or
brake drum at the end of a given brake event during the WLTP-Brake cycle.

3.4.22. "Average brake temperature” means the average of the time-resolved brake
disc or brake drum temperature during a predetermined period.

3.4.23. "Peak brake temperature" means the highest brake disc or drum temperature
measured during a given brake event.

3.5. PM and PN Measurement

3.5.1. The term "particle™ is conventionally used for the matter being characterised
(measured) in the airborne phase (suspended matter), and the term "particulate
matter" for the deposited matter.

3.5.2. "Particle number emissions” means the number of particles emitted from the
brake under testing and quantified according to the dilution, sampling, and
measurement methods specified in this UN GTR.

3.5.3. "Total particle number emissions™ means the number of total particles (i.e.
solids and volatiles) emitted from the brake under testing.

3.5.4. "TPN10" means the number of total particles (i.e. solids and volatiles) at a
nominal particle size of approximately 10 nm electrical mobility diameter and
larger emitted from the brake under testing and quantified according to the
dilution, sampling, and measurement methods specified in this UN GTR.

3.5.5. "Solid particle number emissions™ means the number of solid particles emitted
from the brake under testing.

3.5.6. "SPN10" means the number of solid particles at a nominal particle size of
approximately 10 nm electrical mobility diameter and larger emitted from the
brake under testing and quantified according to the dilution, sampling, and
measurement methods specified in this UN GTR.

3.5.7. "Particulate matter (PM) emissions” means the mass of any particle from the
brake under testing quantified according to the dilution, sampling, and
measurement methods specified in this UN GTR.

3.5.8. "PMzs emissions” means the PM with an aerodynamic diameter of
approximately 2.5 um or less.

3.5.9. "PMiy emissions” means the PM with an aerodynamic diameter of
approximately 10 um or less.

3.5.10. "Sampling plane™ means the fixed plane (perpendicular to the sampling tunnel
axis) where the entries of the sampling nozzles are located.

3.5.11. "Sampling probe" means a thin-walled stainless steel tube designed to extract
and transfer a representative portion of aerosol from the sampling tunnel to the
measurement system.

3.5.12. "Sampling nozzle" means a thin-walled stainless steel cylinder with a knife-

edge nozzle tip that mounts at the inlet of a sampling probe and aims to extract
isokinetically aerosol from the sampling tunnel.

3.5.13. "Sampling nozzle tip" means the upstream cross-section of the sampling nozzle
where the aerosol enters the sampling nozzle.

3.5.14. "PM Sampling system" means the series of elements where aerosol travels after
entering the sampling nozzle tip. It includes — in the direction of the flow — the
PM sampling nozzle, the PM sampling probe, the PM separation device, the
PM sampling line, and the filter holder.

3.5.15. "PM separation device" means a device that separates the relevant portion of
PM from the aerosol according to the specifications of this UN GTR.

14



ECE/TRANS/180/Add.24

3.5.16.

3.5.17.

3.5.18.

3.5.19.

3.5.20.

3.5.21.

3.5.22.

3.5.23.

3.5.24.

3.5.25.

3.6.
3.6.1.

3.6.2.

3.6.3.

3.6.4.

3.6.5.

3.6.6.

"Separation efficiency"” means the ratio of particles removed by the separation
device to the overall particles entering the separation device at a given
aerodynamic diameter.

"PM Sampling line" means the rigid or flexible tubing connecting the outlet of
the PM separation device to the inlet of the filter holder.

"Filter holder” means a device that allows the collection of PM on filters
according to the specifications of this UN GTR.

"PN Sampling system" means the series of elements where aerosol travels after
entering the sampling nozzle tip. It includes — in the direction of the flow — the
PN sampling nozzle, the PN sampling probe, the PN pre-classifier, the particle
transfer tube, the flow splitting device (if applicable), and the PN measurement
system.

"Particle transfer tube™ means the flexible tubing connecting the PN sampling
probe’s outlet to the PN pre-classifier’s inlet. When the PN pre-classifier is
directly connected to the PN sampling probe’s outlet, the particle transfer tube
means the flexible tubing connecting the PN pre-classifier’s outlet to the PN
measurement system’s inlet.

"PN measurement system™ means the system that allows the determination of
the particle number concentrations according to this UN GTR. It includes the
sample conditioning system, the PN internal transfer lines, and the particle
number counter.

"Sample conditioning system™ means the parts of the PN measurement systems
that dilute and condition the aerosol to be provided to the particle number
counter to determine TPN10 and SPN10, respectively.

"Particle number counter” means a device to determine particle number
concentration according to the specifications of this UN GTR.

"Standard conditions” means pressure equal to 101.325 kPa and temperature
corresponding to 273.15 K.

"Background emissions” means the measurement of particle number
concentrations using the same instrumentation as for emission testing when the
environmental conditioning system and the dynamometer cooling air are
running under the test conditions, without any brake applications or brake
rotation to influence the result.

Test system

"Calibration™ means the process of setting a measurement system'’s response
so that its output agrees with a reference value.

"Major maintenance" means the adjustment, repair, or replacement of a
component or module that could affect the accuracy of a measurement.

"Reference value" means a value traceable to a national or international
standard.

"Setpoint™ means the target value a control system aims to reach.

"Verification" means evaluating whether a measurement system's outputs
agree with applied reference values within one or more predetermined
thresholds for acceptance.

"Response time" means the difference in time between the change of the
component to be measured at the reference point and a measurement system’s
response of 90 per cent of the final reading (tso) with the sampling nozzle inlet
being defined as the reference point, whereby the change of the measured
component is at least 60 per cent full scale (FS) and takes place in less than 0.1
seconds. The response time consists of the delay time to the system and of the
rise time of the system.
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3.6.7.

3.6.8.

3.7.
3.7.1.

3.7.2.

3.7.3.

3.7.4.

3.7.5.

3.7.6.

3.7.7.

3.7.8.

3.7.8.1.

3.7.8.2.

3.7.9.

3.7.10.

3.7.11.

3.7.12.

"Fall time" means the difference in time between tgo and t10, where the change
of the measured component is at the reference point falls from 90 per cent of
initial reading to 10 per cent of initial reading, if the change of the set signal
takes place in less than 0.1 seconds.

"Drift" means the change of the measured signal over a defined time period for
a specific setpoint due to influences such as temperature, pressure, voltage,
current, etc.

Non-friction braking

"Friction braking" in the context of this UN GTR means the decelerating of
the vehicle by using the friction braking system where the brake forces are
generated by friction between two parts of the vehicle moving relative to one
another.

"Non-friction braking" in the context of this UN GTR means the decelerating
of the vehicle also by different technical means without using solely the
friction braking system, e.g. such as regenerative braking. It applies to pure
electric vehicles and hybrid electric vehicles with a traction REESS nominal
voltage greater than 20V.

"Full-friction braking™ in the context of this UN GTR means the decelerating
of the vehicle by using only a full-friction brake system.

"Electric machine” means an energy converter transforming between electrical
and mechanical energy.

"Category of propulsion energy converter™ means (i) an internal combustion
engine, or (ii) an electric machine.

"Hybrid electric vehicle” (HEV) means a hybrid vehicle where one of the
propulsion energy converters is an electric machine.

"Hybrid vehicle" means a vehicle equipped with a powertrain containing at
least two different categories of propulsion energy converters and at least two
different categories of propulsion energy storage systems.

"Not off-vehicle charging hybrid electric vehicle” (NOVC-HEV) means a
hybrid electric vehicle that cannot be charged from an external source. In this
UN GTR, NOVC-HEV are categorised to “NOVC-HEV Category 1” and
“NOVC-HEV Category 2” based on their traction REESS nominal voltage.

"Not off-vehicle charging hybrid electric vehicle — Category 1" (NOVC-HEV
Cat. 1) means a hybrid electric vehicle that features a traction REESS with a
nominal voltage higher than 20V and lower than or equal to 60V that cannot
be charged from an external source.

"Not off-vehicle charging hybrid electric vehicle — Category 2" (NOVC-HEV
Cat. 2) means a hybrid electric vehicle that features a traction REESS with a
nominal voltage higher than 60V that cannot be charged from an external
source.

"Off-vehicle charging hybrid electric vehicle" (OVC-HEV) means a hybrid
electric vehicle that can be charged from an external source.

"Pure electric vehicle" (PEV) means a vehicle equipped with a powertrain
containing exclusively electric machines as propulsion energy converters and
exclusively rechargeable electric energy storage systems as propulsion energy
storage systems.

"Pure internal combustion engine vehicle™ (ICE) means a vehicle where all
propulsion energy converters are internal combustion engines.

"Rechargeable electric energy storage system — REESS" means the
rechargeable electric energy storage system that provides electric energy for
electric propulsion.
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3.7.13. "Brake Emissions Family Parent" is a single vehicle selected among a family
of two or more vehicles equipped with the same brake system.

4, Abbreviations and Symbols

4.1, Abbreviations
Table 4.1. provides a list of the abbreviations, a short description, and the unit
of each abbreviation (when applicable) used in this UN GTR.

Table 4.1.

Abbreviations

Abbreviation Definition Unit

ABT Average Brake Temperature during Trip #10 °C

AH Absolute humidity mg

H20/kg
dry air

BRO Brake runout pm

CsVv Comma-separated values -

DM Disc mass before testing kg

DOP Dioctyl phthalate -

ECE Economic Commission for Europe -

EF Emission factor -

EN "European Norm" - European technical standard -

FA Vehicle front axle -

FAF Front axle brake force distribution %

FBT Final brake temperature at the end of the brake event °C

H13 High-efficiency air filter with a filtering efficiency of at least -
99.95 per cent

HEPA High-efficiency particulate filter -

IBT Initial brake temperature at the start of the brake event °C

ICE Internal combustion engine -

IR Isokinetic ratio -

LO-P Post-style brake fixture with wheel hub connection -

LO-U Universal-style brake fixture without wheel hub connection -

LHC Left-hand corner of the vehicle -

MRO Mass in running order kg

MVL Maximum vehicle load kg

NOVC-HEV Not off-vehicle charging hybrid electric vehicle

NOVC-HEV Not off-vehicle charging hybrid electric vehicle category 1

Cat.1
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Abbreviation Definition Unit
NOVC-HEV Not off-vehicle charging hybrid electric vehicle category 2 -
Cat.2
oD Disc/drum outer diameter mm
OoDS Open document spreadsheet -
OVC-HEV  Off-vehicle charging hybrid electric vehicle -
PEV Pure electric vehicle -
Plane A Vertical plane aligned with the enclosure’s inlet -
Plane A; Horizontal level aligned with the axis of the brake rotationand -
the duct axis
Plane B Vertical plane at the end of the transition from the inlet ductto -
the central section of the enclosure, perpendicular to the duct
axis
Plane C Vertical plane tangential to the largest brake for M1, N1 vehicle -
category, perpendicular to the duct axis
Plane D Vertical plane aligned with the axis of the brake rotation -
PND1 Primary particle number diluter -
PND2 Secondary particle number diluter -
PAO poly-alpha-olefin -
PBT Peak brake temperature of the brake event °C
PCRF Particle concentration reduction factor -
PM Particulate matter mass mg
PM2s Particulate Matter mass for aerosols with aerodynamic diameter mg
below 2.5 um
PM2s EFer  Reference PM2s emission factor of the tested brake before mg/km
applying the friction braking share coefficient
PM.s EF Final PM_s emission factor mg/km
PMa1o Particulate Matter mass for aerosols with aerodynamic diameter mg
below 10 pum
PMio EFer  Reference PMjo emission factor of the tested brake before mg/km
applying the friction braking share coefficient
PMio EF Final PM1o emission factor mg/km
PN Particle number #
PNC Particle number counter -
PTFE Polytetrafluoroethylene -
PTT Particle transfer tube -
RA Vehicle rear axle -
RAF Rear axle brake force distribution %
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Abbreviation Definition Unit
REESS Rechargeable electric energy storage system -
RH Relative humidity %
RHC Right-hand corner of the vehicle -
SPN10 Solid particle number concentration of particles larger than #/cm?®
10nm
SPN10 EFs Reference SPN10 emission factor of the tested brake before #/km
applying the friction braking share coefficient
SPN10 EF  Final SPN10 emission factor #/km
SAE Society of Automotive Engineers -
SEE Standard error of estimate -
TPN10 Total particle number concentration of particles larger than #/cm?®
10nm
TPN10 EFr Reference TPN10 emission factor of the tested brake before #/km
applying the friction braking share coefficient
TPN10 EF  Final TPN10 emission factor #/km
ULPA Ultra-low particulate air -
UN GTR United Nations Global Technical Regulation -
VPR Volatile particle remover -
WLTP World-wide harmonized light vehicle test procedure -
4.2. Symbols
Table 4.2. provides a list of the symbols, a short description, and the units of
the symbols as applied in this UN GTR.
Table 4.2.
Symbols
Symbol Definition Unit
a Transition angle of the brake enclosure °
a1 The minimum distance between the sampling probes mm
a The minimum distance between the sampling probes and the mm
tunnel walls
a Deceleration m/s?
Al s Metrics for target temperatures °C
Bi.s Metrics for measured temperatures °C
Cis Metrics for the temperature difference between target and °C
measured values
c Friction braking share coefficient -
d Total distance driven over Trip #10 or the WLTP-Brake cycle km
di Sampling tunnel inner diameter mm
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Symbol Definition Unit
dn Sampling nozzle inner diameter (applies to both PN and PM) mm
On-pm2.5 The inner diameter of the isokinetic nozzle for sampling PM2s mm
n-pm10 The inner diameter of the isokinetic nozzle for sampling PM1o mm
dh-spN10 The isokinetic nozzle’s inner diameter for SPN10 sampling mm
dn-teN10 The isokinetic nozzle’s inner diameter for TPN10 sampling mm
piston Calliper piston hydraulic diameter mm
dp Sampling probes inner diameter (applies to both PN and PM) mm
ds The inner diameter of the PM sampling line mm
dy The inner diameter of the PN internal transfer line mm
it The inner diameter of the PN transfer tube mm
dx Electrical mobility diameter pm
n Brake calliper or drum efficiency %
f Brake rotational speed rev/min
fr (dx) PCREF for each particle of electrical mobility diameter dy -
fr-spn10 Arithmetic averaged PCRF for the SPN10 measuring device -
frrenio Arithmetic averaged PCRF for the TPN10 measuring device -
hs Length of Plane B (enclosure) mm
hp Length of Plane D (enclosure) mm
He The point that defines the end of the mandatory horizontal partin -
the layout
H; The point that defines the start of the mandatory horizontal part -
in the layout
In Brake nominal inertia kg-m?
It Brake test inertia kg-m2
la Length of plane A; (enclosure) mm
li Length of inlet or outlet transition of brake enclosure mm
Ih Height of the enclosure at Plane C mm
I, Depth of the enclosure at Plane C mm
Ly Minimum length of the straight duct upstream of the inlet of the mm
brake enclosure
L, Minimum length of the straight duct from the last disturbance mm
upstream of the sampling plane to the sampling plane
Ls Minimum length of the straight duct from the sampling planeto  mm
the next disturbance downstream of the sampling plane
L4 Minimum length of the straight duct from the last disturbance mm

upstream of the airflow measurement element to the airflow
measurement element
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Symbol Definition Unit

Ls Minimum length of the straight duct from the airflow mm
measurement element to the next disturbance

v Average by distance friction variable for disc brakes (Friction -
Coefficient)

Mix The molar mass of air in the balance room g/mol

Myen Vehicle test mass to simulate on the dynamometer kg

v Kinematic viscosity of air m2/s

Nin(dx) Upstream PN concentration for particles of electrical mobility dx  #/cm?®

Nout(dx) Downstream PN concentration for particles of electrical mobility #/cm?®
dx

NQ Average normalised cooling airflow Nms3/h

NQpm25 Average normalised PM2s sampling flow NI/min

NQpm10 Average normalised PMio sampling flow NI/min

NQTrn10 Average normalised TPN10 sampling flow NI/min

NQspn10 Average normalised SPN10 sampling flow NI/min

NQ:s Average normalised airflow in the sampling nozzle Nm3/h

Py Atmospheric pressure in the balance room kPa

Phrake Brake pressure kPa

P; Particle penetration %

Pthreshold Threshold pressure required to develop braking torque kPa

Pe(.s) PMg s filter load corrected for buoyancy mg

Pe(0) PMyo filter load corrected for buoyancy mg

Pe(corrected) Buoyancy-corrected filter mass mg

Pe(uncorrectedy  Filter mass without buoyancy correction mg

Q Average measured (actual) cooling airflow mé/h

Qset Nominal (or set) cooling airflow mé/h

Qprm25 PM_s sampling flow (actual) I/min

Qpm2.5-set Nominal (or set) PM2 s sampling flow I/min

Qpm10 PM3o sampling flow (actual) I/min

QPM10-set Nominal (or set) PM1o sampling flow I/min

I Bending radius of the cooling air duct mm

Feff Brake effective radius mm

re Bending radius of the sampling probe or sampling line mm

R Tyre dynamic rolling radius mm

Pa Density of air kg/m?®
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Symbol Definition Unit

P The density of PM filter material kg/m?

Pw The density of the PM microbalance calibration object kg/m?®

SPNi1o# Average normalised and PCRF-corrected SPN10 concentration ~ #/Ncm?

SPN10wek  Average normalised SPN10 concentration during the background #/Ncm?®
check

SPN10,EF  Average SPN10 count per unit distance driven during the #/km
background check

Sp Output signal for cooling air pressure kPa

So Output signal for cooling airflow m3/h

SrH Output signal for cooling air relative humidity %

St Output signal for cooling air temperature °C

torake The total duration of the deceleration event (stop duration) S

too Response time of particle number counter S

Torake Brake torque N-m

Thrake-avg Time-averaged brake torque N-m

T Cooling air temperature °C

Ta Air temperature in the balance room °C

Thrake Brake (disc/drum) temperature °C

TPNao# Average normalised and PCRF-corrected TPN10 concentration ~ #/Ncm?

TPN10pck  Average normalised TPN10 concentration during the background #/Ncm?
check

TPN10,EF  Average TPN10 count per unit distance driven during the #/km
background check

U Average cooling airspeed km/h

Us Average airspeed of air entering the sampling nozzle km/h

\Y/ Average actual linear speed of the WLTP-Brake cycle km/h

Vet The average nominal linear speed of the WLTP-Brake cycle km/h

Ws Specific friction work J/kg

WL, Nominal wheel load without accounting for vehicle road loads or kg
any other type of losses

WLt Nominal front wheel load without accounting for vehicle road kg
loads or any other type of losses

WL Nominal rear wheel load without accounting for vehicle road kg
loads or any other type of losses

WL Test wheel load after accounting for vehicle road loads or any kg
other type of losses

WLt Test front wheel load after accounting for vehicle road loads or kg

any other type of losses
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Symbol

Definition Unit

WL

Test rear wheel load after accounting for vehicle road loads or kg
any other type of losses

5.1.

5.2.

5.2.1.

5.2.2.

General Requirements

Compliance Requirements

The compliance of a brake with this UN GTR shall be evaluated against the
regional emission limits as defined by each Contracting Party. The compliance
shall be demonstrated by testing the worst-performing representative of a brake
family according to paragraphs 6-14 of this UN GTR.

Brake Emissions Family

A brake emissions family is defined by a brake assembly considering the
calliper, disc or drum-backplate assembly, pad or shoe, and certain other
vehicle parameters.

Characteristics of Brake Emissions Families

All vehicle types independent of their electrification grade may be part of one
brake emissions family. Only vehicles that feature an identical brake assembly
with respect to the characteristics listed in (a)-(d) may be part of the same brake
emissions family. The eligibility criteria for becoming a part of the brake
emissions family may be extended in the first amendment to this UN GTR:

(@)  Type of calliper (floating or fixed calliper, number and size of pistons,
type of retraction elements);

(b)  Type of brake: disc (friction surface, coating, single, dual, ventilated,
solid, dimensions, mass, material formulation) or drum-backplate
assembly (friction surface, simplex, duplex, dimensions, mass, material
formulation);

(c)  Type of friction material: pad (friction surface, size, shape, material,
backing plate, material formulation) or shoe (friction surface, size,
design, material, backing plate, material formulation);

(d)  Any other characteristic that has a non-negligible influence on brake
emissions (e.g. innovative brake emission reduction systems).

Brake Emissions Family Pare