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Brake wear measurement

Brake dynamometer

- Characterizing the test bench

- Characterizing particles: submicrometer

- Characterizing particles: super-micrometer
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EEPS for dynamic particle behavior
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Measurement of larger particles - OPS

= Emissions vary by disc type
= Overall concentration
= Size distribution (i.e. peaked vs. ~flat)
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Combining data: 6 nm — 10 um

= EEPS + OPS in Multi-instrument-manager (MIM) software
= Size distribution of particles generated upon brake application, and upon release
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Fluid dynamics observations

Particle Image velocimetry (PIV) system:
- Camera CCD 8MP (4Hz)
- Laser Nd-YAG with 200mlJ/pulse (wavelength 532nm)
- Synchronizer
- Software : Insight4G®
= Size of the FOV : 70x70mm? Duration of acquisitions: 15 seconds

Two tests performed:

1) Seeding the flow in the chamber and measure the velocity fields around the disk
2_Solid particles ejected used as seeding particles (no seeding is added in the chamber)
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= Sampling ambient air
= MOUDI used to collect airborne

PM samples at schools
(roadside vs. background)

= Barium elevated at roadside
sites relative to urban
background sites
= Ba is a marker for brake wear
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CEN-compliant Ambient Monitoring —

SMPS & CPC
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Occupational exposure assessment

= Mini-MOUDI Impactor
= Personal or industrial hygiene sampling
= 2 L/min sample flow
= 10 mm to 56 nm
» 6, 8 and 10 impaction stages

= Personal Environmental Monitor™ (PEM™), Model 200

= Lightweight, personal sampler with single stage impactor and final filter
= |Impactor cut-point of 2.5 or 10 ym
= Can be operated with a personal sampling pump

= DustTrak
= PM-10, respirable, PM-2.5, PM-1
= Collects sample for gravimetric analysis
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Calibration — e.g. PTI counters

= Setup — adapted from JRC Technical Report 2018, Real Driving Emissions (RDE) B. Giechaskiel
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Respiratory protection

Particle number

Ambient air measurements

Airplane emissions ; :
P Particle number + size

Particle number

PMP EURO 6/VI

RDE/PEMS | Particle number

Particle number

Research worldwide
Indoor Air Quality Particle number + size

Particle number + size

Clean room monitoring
Particle number

NRMM/Ships (Switzerland)
Particle number

© TSI Incorporated  6/21/2022




Real-time mass measurements

- QCM MOUDI (140)
o Real-time PM2.5 mass data in six stages
o Stage cut points (in nm): 960, 510, 305, 156, 74, 45
o Combines two technologies

o Cascade impactor = stage 1 (n9)
(MOUDI) ]

o Quartz crystal e
microbalance (QCM) .o .. &

Stage 2 (ng)

11111

* QCM MOUDI captures o

.. 565 1 ' —
mass emissions from oF e
pin applications ~ : ‘ !
] Mass-based S|Ze Mass Concentration (ug/m3)

750 - — F'M25

distribution data can be

cumulative or time series - ; \/\/
50— /\/"‘/\/\’/\/ LA
122

0.2
© TSI Incorporated  6/21/2022 Time (mm)




