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Automotive friction brakes

Friction brakes are used to dissipate (convert into heat) excess vehicle kinetic energy.
In disc brakes, rotating cast iron disc is squeezed by brake pads.
In drum brakes, brake shoes are expanded against the inside of a rotating brake drum.
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Particles produced during braking

Mechanical Processes (abrasion): BUGATTI CHIRON Titanium caliper brake-test extreme
Coarse particles several
micrometers in diameter and larger

Thermal processes:

Nucleation of evaporated material or
of compounds produced during its
transformation

Ultrafine particles  on the order of
10 nanometers,

agglomerates on the order of tens or
even hundreds of nanometers in
diameter

e

https://www.youtube.com/watch?v=Qlc -9UuLSmg

What is abraded: cast iron (rotors, drums) and friction materials (pads, shoes)
Materials: Binders, fibers, fillers, lubricants, abrasives
Composition: top secret, usually metals, anorganic compounds, resins, carbon uCARe
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How much of a problem are they? Brake wear particles:

~ 55% of non -exhaust PM emissions
Up to 21% of traffic  -related PM ,, emissions

Grigoratos, T. and Martini, G., 2015.
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Braking during conditions designed to mimic real world driving Brake wear particle emissions: a
: . review. Environmental Science and
(WLTP braking cycles developed within the UN PMP group) Pollution Research 224). pp.2491 2504,
are on the order of 10  °-1010 particles/stop
> order of magnitude less than Euro 6 exh aust limit 6 A 210#/km
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Particle mass - non-linear increase V%H%ngrg:;kls y Su
dissipated

Particle number - Steady and low until a given threshold
temperature, then increases expponentially with

temperature o o
ow to brake to minimize brake wear emissions
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Brake wear particles measurement setup (TU Ostrava, CZ)

3/
Tunnel and instruments Chamber outlet tun‘nel approx. 40 m3/min flow

analogous to engine

exhaust measurements = G = Filtered
. o ‘5T cooling air
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Particle size distributions ‘
EEPS 5560 nm Enclosed chamber with
electric mobility brake disc and caliper assembly
ELPI 10 nmi 10 um (typical passenger car) coupled '{CARe
& Optical counter 0.5-10 um with asynchronous because you cre
aerodynamic diameter dynamometer —
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A Rotorandbrakeassemblyenclosedn airtight enclosure

A Flowrate of 2400m3/h to provide coolingandremovebrakewear particles

A Part of the outlet duct was replacedby a 30 cm diameter, approximately5 m long pipe,

servingasa dilution tunnel for particulate matter samplingby online particle sizeclassifiers,
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Sampling points

Matching instruments \ _

Dilution tunnel

Brake enclosure outlet

Closest to source, low
diffusion & settling
losses, but is mixing

homogeneous?
Also, no isokinetic
HECgAOGCEGQ

b

Measured & reasonably
» constant flow
s ¥ Isokinetic sampling
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