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Introduction

Non Exhaust Emissions (NEE)

. NAEI: Emissions of PM, ; in kt from road transport Erﬂkﬂ WE'HI'

Friction between the
\ brake disc and brake
pads occur when the
brake pedal is
pressed — releasing
particles.

2016

Data source: https://naei.beis.gov.uk/

1570 1980 1990 2000 2010 2020

Tyre Wear
Road surface i Friction between
wear Re-suspension of the tyre tread and
Friction between road dust road surface.
the tyre tread and releases particles
road surface from the tyres.
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International work on regulation

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

AMeasuring tyre and road wear particles is technically very complex
A Ongoing work should lead to a tyre abrasion test procedure and limits in regulation

in late 2023
' ' UNITED NATIONS
AWor!< on measuring brake.wear IS more advanced | o L IO
AFirst draft of UN regulation on test procedure (co-sponsored by UK DfT) is expected FOR EUROPE
in early 2023

AEU has proposed limits on car (M1/N1) brake emissions within Euro 7, with initial
limits set, during brake dynamometer testing, at 7 mg/km

A Proposal for this limit to drop to 3 mg/km in 2035
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Measurement of Brake and Tyre Wear

ARicardo 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 (Phase 1)

APrimary aim is to develop emissions factors

Aln developing the system there was a need to consider:

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

ARepresentative sample collection of particles from brake or tyre wear

ARepeatable and reproducible measurements

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

APower and spatial demands of the system



System design and testing

System Design Example T Brake Wear Sampling

Front face of the
brake enclosure

_Wheel front sealed
=" (Rotating plate)

"""

Sample out

. Static rear
“ plate replaces
dirt guard

Filtered air in

....... Clearance interface
at inner edge of rim

3 enclosure approaches used i to explore application to different braking system types
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System design and testing

System Design i Tyre Wear Sampling

A Open duct to draw sample from behind the tyre-road
contact patch into the measurement system.

Alnlet fabricated to be slightly wider than the tyre, and
. : just above the road and angled to keep sufficient
. Sample duct with support bracket entry velocity for the sample flow and allow large
and safety wire .
material to drop out

Sample duct
at max left
steering lock

AThe duct was mounted to a bracket which in turn was
fixed to the rear of the wheel hub carrier, so that the
duct position is fixed relative to the wheel and swings

\ with the wheel as it steers.
Wheel removed showmg mountmg of tyre
sample duct, and rear of brake enclosure

A Sample probes for monitoring background ambient
particulates were fitted to the front of the vehicle
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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 drl\_/lng; track bra_tklng events
of different magnitudes ;
0 500 1000 1500 2000 2500
Time (s)
A 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
A Results shown from instrumented front brake Harmonized Light Vehicles Test Procedure (WLTP) and

and front tyre from the same wheel Los Angeles City Traffic (LACT) cycle



System Design i

Instrumentation

Vehicle speed and position

} GPS Sensor ‘

Vehicle speed Inside vehicle body

_@k— \—

- OBD Port

~ ) |

0y

| ELPI+ each have own logging,

_—ee o o mm w7

Efiter | Cold | Hot .
PM ELPI+ ‘ ELPI+ andprowdekeyanafogue output
< A V) | logged for alignment
Tunnel Sample Sample line
pump probes selection Ambient probe

=

Filtered air

Sample tunnel

Air pump & filter

-—es e e = .

Brake pad and disc Thermocouples (4)
and line pressure

Tyre sample duct Brake enclosure

Sample analysis included:

A Combination of two Dekati® Electrical Low Pressure
Impactors (ELPI+) for real-time particle size distribution
and concentration (size range 6 nm 1 10 € n)

Al Col do ELPI + me woiatilerpartcless o

Al Hot 0 ELPI + tCrheatediclet ts reraovel
the volatile component of the PM

A Dekati® eFilter for real-time PM mass concentration
measurements i also includes a filter for reference
gravimetric determination and analysis

AHoriba SPCS PN23 system (raw) used in parallel from
tunnel for lab tests

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



VW Caddy venhicle

Left door Rear door Right door
Cold ELPI+ E-Filter Hot ELPI+ o ELPI+ laptops Hot ELPI+ E-Filter Cold ELPI+
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Air Quality

L { Monitoring
™ ee.ri \

icardo.

= e T
-——

LN e ] - N~

Li-lon batteries Sample Sample Li-lon battery Brake air Brake air Sample pipes
(2 packs) tunnel pumps(x4) (1 pack) fans & filters flow-meter through floor



Particle penetration through sampling system

200

APenetration close to 100% for
particles up to ~3um
g AHence under-sampling of larger
particles, which will have impacted
i, PM,, determination by eFilter and
F o gravimetry

40

APM, . quantification likely to be
more representative, and a more
B 1 o realistic objective for on-board
sampling

20
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Results - Brakes

Real time brake emissions i Chassis Dynamometer

A Particle number and particle mass emissions

from the hot ELPI and eFilter coincided with
HotELPY increased braking pressure events on the
0] m .
g cold ECFI -z chassis dynamometer
£ 2000 3 | AEmissions from the cold ELPI were coincident,
N h but more challenging to resolve
A 1 .ll bk llll L hl o h ﬂ_::l AHot ELPI/SPCS emissions ~ 5 x 10° #/km/brake,
T PG-42 CoV - 4% SPCS and 40% hot ELPI
§ Road speed _ o
g Braking pressure, bar APM filter emissions ~1.6mg/km/brake
% v 3 repeat PM filters from PG-42 brake testing
g 0O BB ot I G A Il H
— E Filter —— ELPI (cold) —— ELPI (hot) pgBrakeFluid —— SpeedFeedback ~95% non-volatile and non-oxidizable material
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Results - Brakes

Real time brake emissions i Urban Road

ABraking events on the urban road are

representative of real-world driving
Hot ELPI 400k

200 eFilter AParticle number and particle mass

200 ook emissions events reported from braking

100 | | oo overlay from the hot ELPI and eFilter

ASimilar to the chassis dyno tests -

300k

ELPI+ (#s)

Efiltter (eg/s)

E 100 Road speed emissions from the cold ELPI were more
e Braking pressure, bar ) ) ‘o

£ challenging to attribute to specific

5 Wﬂm braking events

2 - l | AHot ELPI emissions 2 to 5 x 10°

% 1] 500 1000 1500 2000 2500 3000 #/km/brake

— E-Filter

ELPI (hot)

pgBrakeFluid velocity

APM filter emissions ~0.9 mg/km/brake
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Results - Brakes

Real time brake emissions 1 particle mass size distributions

Mass Weighted Particle Size Distributions, Cold ELPI A Mass Weighted particle size distributions from

mg/km Brakes, mg/km Brakes, the PG-42 and urban drives are generally
PG-42 & Urban Cycles PG-42 & Urban Cycles similar
o SRS Amass greater from more aggressive PG-42
0.25 W 1.00£-01
g 02 = J—_— ATwo modes observed: a minor mode at
2 015 = ~100nm (0.1um) and a dominant mode at
= 2 1.00£-03
2 01 = ~1.6um
v s
0.05 S 1.00E-04
5 J s a2 AThe >1um mode is Ilkgly to pe m_echanlcally
0.01 0.1 1 10 001 01 1 10 generated wear materials primarily released
Dp (um) Dp (um) from the brake pad
—i— PG-42 —&— Urban —i— PG-42 —&— Urban
linear scale log scale
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Results - Tyres

Real time tyre emissions T Chassis Dynamometer

ot ELP] A Spikes of particle number emissions were
oFilter observed from the ELPIs, both during braking
events but also during accelerations and
cruises

AIndicating particles maybe be lost following,
as well as during, braking events

Efiltter (eg/s)

ELPI+ (#/s)

Road speed A eFilter mass emissions appear to be closely
Braking pressure, bar related to the braking events

AMost mass is lost immediately on braking
AMasses measured were an order of

magnitude lower for tyre emissions than for
the brake emissions

AThe efficiency of the tyre scoop is uncertain,
and is to be explored in further work

Brake Pressure (bar), Vehicle Speed (kph)
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