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Introduction

Non Exhaust Emissions (NEE)
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International work on regulation

« UNECE is developing internationally recognised test procedures to measure brake and
tyre particles

* Measuring tyre and road wear particles is technically very complex

» As of February 2024, UNECE’s World Forum for Harmonization of Vehicle
Regulations have endorsed two methodologies for measuring tyre abrasion (UN
Regulation No. 1172345).

UNITED NATIONS
« Work on measuring brake wear is more advanced ECONOMIC COMMISSION

FOR EUROPE
* Global Technical Regulation (GTR 24) “Laboratory measurements of Brake
Emissions for Light Duty Vehicles” was published in 2023.

* EU has proposed limits on car (M1/N1) brake emissions within Euro 7, with initial
limits set, during brake dynamometer testing, at 7 mg/km with ~50% higher limits for
LCV.

* Proposal for this limit to drop to 3 mg/km in 2035



Measurement of Brake Wear

 Ricardo are supporting the Department for Transport in the UK to develop an effective system
and methodology for measuring and characterising particles emitted from brake and tyre wear
under real driving conditions

Primary aim is to develop emissions factors

* In developing the system there was a need to consider:

« A common sampling system and measurement equipment which can be used for both
brake and tyre wear

» Representative sample collection of particles

* Repeatable and reproducible measurements

» Careful consideration of background particles (i.e., re-suspension of road dust, tailpipe
emissions)

» Power and spatial demands of the system



System design and testing

System Design Example — Brake Wear Sampling

Front face of the
brake enclosure A

Wheel and brake

Wheel (rotating)

Calliper (static
but free to slide
sideways)

..., Brake disc and
hub (rotating)

" Dirt guard (static)

Option B: Static enclosure

Static outer
- enclosure fixed to
rear plate

=% Sample out

*.,, ~Static rear
[ - plate replaces
dirt guard

“B.. == Filtered air in

" at rotating wheel
hub

Clearance interface

Option A: Rim as enclosure

_ Wheel front sealed
""" (Rotating plate)

=—9 Sample out

T Static rear
[ | . plate replaces
dirt guard

e Filtered air in

. Clearance interface
at inner edge of rim

Option C: Rotating enclosure

Rotating enclosure
e fitted between
3 wheel and hub

=9 Sample out
. Static rear
. - plate replaces
dirt guard

e Filtered air in

. Clearance
", interface at outer
edge of enclosure
and rear plate

3 enclosure approaches used — to explore application to different braking system types
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System Design — Instrumentation

Sample analysis included:

Vehicle speed and position

‘/ GPS Sensor ‘
| == eree . : :
e T T « Combination of two Dekati® Electrical Low Pressure
nsiae venicie po . . . . . .

I |  OBD Port | Y ‘I Impactors (ELPI+) for real-time particle size distribution

| EOQB | | l and concentration (size range 6 nm — 10 um)

, X e (od | (her | ELPH+ each have own logging, : = “Cold” ELPI+ measures solid and volatile particles

| PM ELPl+ ‘ ELPI+ andprowdekeyanafogue output B i . o .

: G &S @S logged for alignment : = “Hot” ELPI+ includes a 180°C heated inlet to remove

! Tunnel | Sample Sample line _ , the volatile component of the PM

lExhaust|  PUMP probes selection Ambient probe
N X e — == 1 | < Dekati® efFilter for real-time PM mass concentration

| Ambient Air pump & fitter ored air : measurements — also includes a filter for reference

T I — l gravimetric determination and analysis
Flow \
Meter
g | . i w) u i
\ T Horiba SPCS PN23 system (ra sed in parallel from
AU Y AR / tunnel for lab tests
Brake pad and disc Thermocouples (4)
and line pressure

Tyre sample duct Brake enclosure




VW Caddy vehicle

The entire system was installed to a small light duty van and measurements undertaken
from the front wheel

On-board |
instruments
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Test Plan and Drive Cycles

PG-42 Cycle
Background  Sampling background emissions -
sampling from different inlets £
Chassis Dyno PG-42 cycles - sampling from 3
brake and tyres S 50
On-road/Track Urban dr|Y|ng; track brgklng events
of different magnitudes ;
0 500 1000 1500 2000 2500
Time (s)
* Repeated measurements were undertaken for
all tests PG-42: 42 minutes cycle based on high particle emitting
sections of two well-known braking cycles: Worldwide
* Results shown from instrumented front brake Harmonized Light Vehicles Test Procedure (WLTP) and

Los Angeles City Traffic (LACT) cycle



Results

Real time brake emissions — Chassis Dynamometer

Real-time Brake Wear Emissions - PG42 a Real-time Brake Wear Emissions - PG42 b

o 20220408 10:40 - o 20220408 10:40 o « Particle number and particle

. [ ] e . L mass emissions from the hot
;o - £ i — r8x10° .
- - [ I | - | | ELPI, SPCS and eFilter
e | . S ! L. C cey .
3 s | 3 I A coincided with increased
B | |V | i | 3 | = braking pressure events on the
o i ||',...||f_| _'f‘.u;i w | faxis chassis dynamometer
§ . .W‘;..A’ [rl‘ IR '_: “ ‘ 100 :; I | ,_’1’,\.._,___“ )

1 . | "
oo0 L —— = B e G 2 0!|| o « Emissions from the cold ELPI
Time (s) Time (s) were COinCident, but more
- Road speed —— pgBrakefluid = rfilter pgfs - Road speed ——pgBrakefluid - SPCS (n/s)

challenging to resolve

Baseline emissions between braking
events return to very low levels (< 1% of
emissions levels)
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Results

Real time brake emissions — Urban Road

» Braking events on the urban road are

Real-time Brake Wear Emissions- Urban  °  Real-time Brake Wear Emissions-Urban  °  representative of real-world driving
— 120.00 70 — 120.00 5x108 . .
2 o | 2 ] » Particle number and particle mass
© 100.00 100.00 4x10 o
3 50 §. s 1o emissions events reported from

80.00 —_ E108 :
3 ©“3 3 £ braking overlay from the hot ELPI and
= 60.00 30 = 60.00 2x108 § .
3 E oz ¢ eFilter
] ” ® 40.00 Al -' 1x10° 8
i :’ i _— m’mw o . Sin.\ila.r to the chassis dyno tests -
i lw [ o U 10 emissions from the coIdIELPI were
0 1000 2000 3000 © 1000 2000 3000 more challenging to attribute to
Time (s) Time (s) . e .
specific braking events

~——pgBrakeFluld velocity efilter pg/s —— pgBrakeFluid velocity —— coldELPI (#/s)
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Results

Thermogravimetric analysis of filters

3 repeat PM filters from PG-42 brake testing 120.00
' : | 100.00
c
.g 80.00 ® Remainder (Ash) %
@
£ 6000 m Carbon %
S 20,00 Volatiles %
ES - 1.97 0.84 | Water %
20.00 0.25
|~ —67
0.00 ———— O 1.65

Brake PG42 Brake urban

Thermogravimetric analysis of filters indicated > 95% non-volatile and non-oxidizable
material
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Results

Brake emissions: Chassis Dyno and On-road

© Ricardo plc

Emission rafe mg/kmor #/km
288888888

Mean brake emissions - PG42 and Urban
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Results

Brake emissions: Moderate braking
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Brake emissions decreased when the initial speed at which braking was initiated was reduced.
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Results

Relationship between emissions and vehicle speed

Hot ELPI a Cold ELPI b Efilter c
8 x 108 1.2 x 108 60.00
g )
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PN and particle mass increase with peak speed following a quadratic relationship (i.e. proportional
to kinetic energy).
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Effective of temperature on brake particle emissions
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At Tpq <~180 °C & Ty < 350 °C temperature does not appear to have a large impact on PN emissions
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Results

Effective of extreme braking

Averaged cumulative emissions for all cycles
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Results

Comparison between 3 brake enclosure designs - Temperature

© Ricardo plc
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Results

Comparison between 3 brake enclosure designs - Emissions

Particle Number Particle Mass
Total PN Emissions- 3 Enclosures (9xPG-42) Total PM Emissions- 3 Enclosures (9xPG-42)
1.00E+10 2.00
1.80
8.00E+09 1.60
1.40
6.00E+09 c 120
£ o 1.00
< 4.00E+09 2 o
2.00E+09 0.60
NA 0.40
0.00E+00 1 L 0.20 .
coldELPI (#/km) hot ELPI (#/km) SPCS (#/km) 0.00
-2.00E+09 efilter (mg/km) Filter (mg/km)
m Original (A) m Static (B) m Rotating (C) m Original (A) m Static (B) m Rotating (C)
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Summary

Summary

« An on-road system for measuring brake and tyre wear was developed and installed to a small light duty van

 Testing was successfully undertaken in a chassis dynamometer facility; on a nearby test-track; and on-road in
an urban environment

» Three different approaches to enclosing the brake were tested and shown to be generally similar

» Real-time non/low volatility particle number emissions corresponded to real-time braking events, with
emissions around 2 - 5 x 10°#/km/brake, lowest emissions were seen at lowest speeds

 Real-time particle mass emissions responses also aligned with braking events, and mass emissions (~PM, ;)
were around 1mg/brake/km
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Summary

Future Work

Test power of the measurement system to discriminate between brake types etc
» Study specific influences on brake particle emissions on chassis dyno, test track and road

» E.g., disc and pad compositions, driving dynamics

Further information:
Contact: Louisa Kramer (louisa.kramer@ricardo.com)

Phase 1 Report: https://www.gov.uk/government/publications/measurement-of-emissions-from-brake-
and-tyre-wear

Andersson, J., Kramer, L.J., Campbell, M., Marshall, |., Norris, J., Southgate, J., de Vries, S. and Waite,
G., 2024. A Practical Approach for On-Road Measurements of Brake Wear Particles from a Light-Duty
Vehicle. Atmosphere, 15(2), p.224. https://www.mdpi.com/2073-4433/15/2/224
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