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Evaluation of the effectiveness of operation of a system to reduce
particulate matter emission from the motor vehicle braking
system in the conditions of special driving tests

Abstract: Particulate matter is counted among the air pollutants that are particularly harmful to human
health. An important source of the emission of this substance is motor traffic. A significant part of the particulate
matter emission from the motorization—related sources comes from the tribological pairs existing in motor
vehicles, chiefly from their braking systems. This paper presents results of empirical tests of a system to reduce
the emission of particulate matter from the braking system. The tests were carried out on a vehicle chassis
dynamometer in the conditions of special driving tests. The effectiveness of operation of the system under tests
was found to be good: the particulate matter emission was reduced by about 50 to 75%.
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Ocena skutecznosci ukladu do ograniczania emisji czgstek stalych z ukladu
hamulcowego samochodu w warunkach specjalnych testow jezdnych

Streszczenie: Czgstki stale nalezq do zanieczyszczen powietrza szczegolnie szkodliwych dla zdrowia ludzi.
Istotnym zZrodlem ich emisji sq pojazdy samochodowe. Znaczna czes¢ emisji czgstek stalych ze zrodel
motoryzacyjnych pochodzi z par trybologicznych pojazdow, przede wszystkim z ukiadu hamulcowego. W pracy
przedstawiono wyniki badan empirycznych urzgdzenia do ograniczania emisji czgstek stalych z ukladu
hamulcowego. Badania przeprowadzono na stanowisku hamowni podwoziowej w warunkach specjalnych testow
Jezdnych. Stwierdzono dobrq skutecznos¢ urzqdzenia — zmniejszenie emisji czgstek statych o okoto (50 +~ 75)%.

Stowa kluczowe: emisja czgstek statych, uktady hamulcowe, pojazdy samochodowe

1. Introduction
The harmfulness of dust in the air to human

One of the air pollutants that exert the most se- health is commonly known. It was as long ago as in
vere environmental impact, especially in urban 1524 when a work “De re metalica” [1] was written
aggl_omerations, is dust, alternatively referred to as by Georgius Agricola, where information about the
particulate matter (PM) [1, 6, 8, 9, 13, 14]. Dust is harmful impact of dust on human health was pro-
categorised as follows, depending on conventional vided.
dust particle size [2-5]: _ _ The harmful impact of dust on human health
a) TSP (total suspended particles) — a mixture varies depending on chemical and mineralogical
of small solid particles of conventional size composition and physical structure of dust particles
below 300 pm, suspended in the air (the dis- [8, 9, 13, 14]. The way of how dust affects living
persed phase of the solid-gas two-phase organisms depends very much on dust particle size
system); _ as well [13], see Fig. 1.

b) PM10 (suspended dust) — of conventional Depending on dust origin, the dust sources are
particle size below 10 pm; _ classified as natural and anthropogenic [2-6, 13].

¢) PM2.5 (fine dust) — of conventional particle The main natural dust emission sources are

size below 2.5 pm; _ sedimentary materials; marine, vegetable and ani-

d) PM1 (very fine dust) — of conventional par- mal aerosols; volcano eruptions; and forest fires [2—

ticle size below 1 um. 6, 13].

When the testing of combustion engines is con- The anthropogenic causes for the presence of
sidered, “nanoparticles” with characteristic particle dust in the air actually include all the civilisation
dimensions of the order of nanometres, i.e. below activities, especially production processes, in par-
100 nm, are distinguished [12]; such particles con- ticular those where the combustion of fuels (chiefly
stitute practically invisible dust. solid fuels) is involved, including the use
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of domestic fires. An important source of the emis-
sion of particulate matter is transport.
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Fig. 1. Distribution of dust particle diameters D (shares
of deposition, U) arrested in various parts of the human
respiratory system (based on [13]):

A —lungs; B — trachea and bronchi; C — epipharynx

The particulate matter emissions from motor
transport predominantly come from the following
sources [2-6]:

a) Combustion engine, which emits particulate

matter together with exhaust gases;

b) Tribological pairs in the vehicle;

¢) Road wheel tyres and pavement material,
rubbed off in result of the tyre—road interac-
tion;

d) Materials of other vehicle parts when under-
going wear processes;

e) Dust stirred up from the road surface by ve-
hicles moving on the road.

The major factors that affect the particulate mat-

ter emissions from motor transport include [2—6]:

a) Environmental characteristics of the vehicle
with regard to particulate matter emissions,
chiefly the engine type (spark ignition
or compression ignition), and the environ-
mental protection class of the vehicle
(in terms of pollutant emissions);

b) Properties and materials of components
of tribological pairs in the vehicle;

c) Properties of vehicle tyres;

d) Vehicle specifications
the conventional size
of the vehicle;

e) Vehicle movement conditions, above
all the speed and acceleration (especially
inthe case of vehicle wheels going into
a skid);

f) Weather  conditions,
and precipitation;

g) Road surface type and quality.

Fig. 2 shows the relationship, obtained by mod-
elling, between the on—road emissions of particulate
matter PM from passenger car engines and particu-
late matter PM10 from the whole traffic of the
passenger cars and the average speed of the cars
[7]. The emission of particulate matter from com-
bustion engines was modelled with the use

characterizing

and construction

especially  wind

of the databases provided in the INFRAS AG soft-
ware [10]. An assumption was also made that the
structure of passenger cars in terms of their conven-
tional size (defined by engine displacement), igni-
tion type, and environmental protection class (de-
fined by pollutant emission characteristics) corre-
sponded to the situation prevailing in Poland
in 2010. To determine the particulate matter emis-
sion from motor traffic, the Lohmeyer model [11]
was used. Among the assumptions made, the share
of rainy days in the period of determining the emis-
sion balance was adopted as 0.3.
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Fig. 2. Relationship between the on—road emissions
of particulate matter PM and PM10 from passenger cars
and the average speed of the cars: U — urban traffic;

R — extra—urban (“rural”) traffic; H — high—speed traffic
(on fast roads and motorways)

It is specific to the Lohmeyer model that its
forms for different traffic types, i.e. for the urban
traffic, extra—urban traffic, and high—speed traffic
on fast roads and motorways, differ from each
other. This is the reason for the discontinuities
occurring in the curve representing the relation
between the on-road emission of particulate matter
PM10 and the average vehicle speed.

It can be clearly seen in the graph, how big
ashare in the total dust emission is taken by the
emission of particulate matter from sources other
than the combustion engines. Among the tribologi-
cal pairs in motor vehicle, a special role in the
emission of dust is played by the braking system.
The friction pairs in the braking system make
an important source of dust emission in connection
with the function fulfilled by the braking system
and consisting in the dissipation of kinetic energy
of the vehicle. An average motor vehicle annually
consumes about 0.5 kg of friction material of its
braking system, according to estimates.

2. Examination of a system to reduce
particulate matter emission from the
braking system of a motor vehicle

Test systems to reduce dust emission from brak-
ing systems of both disc and drum type were devel-
oped at the Automotive Industry Institute (PIMOT)
[2-5]. Laboratory tests of such systems, carried out
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on test rigs at PIMOT, gave very promising results.
Especially for disc brakes, the coefficient of effec-
tiveness of the reduction of dust emission from the
braking system reached a value of up to 0.8 [2-5].

The task to develop and test special vehicle sys-
tems to reduce the particulate matter emission from
braking systems was undertaken within National
Research and Development Centre’s development
project No. 10-0050-10/2010 entitled “Develop-
ment of systems to reduce dust emission from disc
brake and drum brake mechanisms of motor vehi-
cles,” carried out at PIMOT.

The effectiveness of operation of the systems
developed within this project was tested on a vehi-
cle chassis dynamometer. The vehicle movement
was simulated in a special driving test, which en-
sured adequate braking intensity and repeatability
of test conditions. The vehicle wheels were driven
with a constant speed of 20 km/h by dynamometer
rolls instead of vehicle engine. The vehicle brakes
were cyclically operated with constant frequency,
with each of the cycles consisting of a brake appli-
cation period of 5s followed by a period of 10 s
without braking. The test consisted of 240 single
braking cycles in total; in consequence, the test
duration time was 3 600 s and the distance travelled
by the vehicle totalled 20 km. The share of the
brake application time in the total test duration time
was 0.33.

In the initial phase of each braking period, the
vehicle speed decreased. Then, despite of the fact
that a constant pressure was applied to the brake
pedal, the vehicle speed returned to a level of about
20 km/h due to the operation of a governor of the
dynamometer roll speed. When the brake pedal was
released, the vehicle speed rapidly rose and imme-
diately after that it was brought again to the level
of 20 km/h by the governor.

A fragment of the special test aimed at examin-
ing the effectiveness of operation of the system
to reduce dust emission from the passenger car
braking system has been presented in Fig. 3.
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Fig. 3. Schematic diagram of the driving test aimed
at examining the effectiveness of operation of the system
to reduce particulate matter emission from the passenger
car braking system: v — vehicle speed

During the tests, six measurement series were
carried out; each of them consisted of four cyclic
braking tests (single realizations of the special driv-
ing test).

The values of the coefficient of effectiveness
of the reduction of dust emission from the passen-
ger car braking system, obtained from individual
test series, as well as the average value and standard
deviation of the set of values of this coefficient
have been shown in Figs. 4 and 5.
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Fig. 4. Coefficient of effectiveness of the reduction of dust
emission (kpy) from disc brakes of the car at individual
test series: AV — average value of the coefficient;

D - standard deviation of the coefficient
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Fig. 5. Coefficient of effectiveness of the reduction of dust
emission (Kpy) from drum brakes of the car at individual
test series: AV — average value of the coefficient;
D - standard deviation of the coefficient

The probability density of the averaged diame-
ters of the particles emitted from the braking sys-
tems, determined for 32 sample sets under tests, has
been presented in Fig. 6.
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Fig. 6. Probability density (g) of the averaged diameters
(Dy) of the particles emitted from the braking systems
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It can be clearly seen in the graph that particles
of very small diameters, below 1 um, predominate
in the dust emitted from the braking systems. This
is even better visible in the graph where the particle
diameters are shown in logarithmic scale (Fig. 7).
The probability density of the diameters of the
particles emitted from braking systems confirms the
harmful impact of this pollutant on human health,
because the finest dust is known to penetrate into
lungs and even into the circulatory sys-
tem [8, 13, 14].
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Fig. 7. Probability density (g) of the averaged diameters
(Dy) of the particles emitted from the braking systems

In addition to this, the composition of the par-
ticulate matter emitted from braking systems causes
this dust to be extremely harmful to human health
because it contains large quantities of heavy metals.
Figs. 8 and 9 show the share of iron grains in all
the particulate matter emitted from braking sys-
tems, in terms of grain cross—sectional area.
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Fig. 8. Share of iron grains in all the particulate matter
emitted from disc brakes (ug.), in terms of grain cross
—sectional area: AV — average value
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Fig. 9. Share of iron grains in all the particulate matter
emitted from drum brakes (ug,), in terms of grain cross
—sectional area: AV — average value

According to the graphs shown above, the aver-
age share of iron grains in all the particulate matter
emitted from braking systems, in terms of grain
cross—sectional area, is about 50%.

3. Conclusions

Based on the test results presented, the follow-
ing conclusions may be formulated:

1. The motor vehicle braking system is a source
of emission of particulate matter whose proper-
ties are especially dangerous to human health.
Such particles contain heavy metals: in result
of investigations carried out, the average share
of iron grains in all the particulate matter emit-
ted from braking systems, in terms of grain
cross—sectional area, was found to be about
50%. Moreover, the characteristic dimensions
of most of the particles emitted from braking
systems are smaller than 1 pm; this has been
confirmed by the determined values of the prob-
ability densities of the averaged particle diame-
ters.

2. In result of experiments carried out, an original
test procedure has been developed for evalua-
tion of the effectiveness of operation of a sys-
tem to reduce particulate matter emission from
braking systems in conditions simulating motor
vehicle traffic. Such tests are carried out on
a vehicle chassis dynamometer in a driving test
with constant vehicle speed, where the vehicle
under test is driven by the dynamometer roll and
the vehicle brakes are cyclically applied. The
test procedure having been developed enabled
unbiased evaluation of the effectiveness of op-
eration of a system to reduce particulate matter
emission from braking systems.

3. The values of the coefficient of effectiveness
of the reduction of dust emission from the brak-
ing system as determined from rig tests were up
to 0.8. The properties of the system developed
were confirmed by tests carried out on a vehicle
chassis dynamometer, where the coefficient
of effectiveness of the reduction of dust emis-
sion from the braking system was found to be
0.5t0 0.75.




Bibliography/Literatura

(1]

(2]

(3]

[4]

(5]

[6]

[7]

Ms Anna Kieracinska, MSc., Eng. -
Scientific and Technical Specialist in the
Automotive Industry Institute in Warsaw.

Mgr inz. Anna Kieraciriska — Specjalista
Badawczo-Techniczny w Przemystowym
Instytucie Motoryzacji w Warszawie.

Mr Jacek Biedrzycki,
Engineer in the Automotive Industry
Institute in Warsaw.

Mgr inz. Jacek Biedrzycki — InzZynier
W Przemystowym Instytucie Motoryzacji
w Warszawie.

Agricola G. De re metalica.
http://www.farlang.com/gemstones/agricola

—metallica/.

Chlopek Z., Jakubowski A. Kieracinska A.:
Examination of a laboratory system to re-
duce dust emission from braking systems of
automotive vehicles. The Archives of Auto-
motive Engineering — Archiwum Motoryza-
cji 3/2011. 5-17, 103-115.

Chiopek Z., Jakubowski A.: A study of the
particulate matter emission from the braking
systems of motor vehicles. Eksploatacja i
Niezawodnosc — Maintenance and Reliabil-
ity 4(44)/2009. 45-52.

Chlopek Z., Jakubowski A.: Ograniczanie
emisji czastek statych z uktadu hamulcowe-
go pojazdu samochodowego (Reduction of
particulate matter emission from the motor
vehicle braking system). Archiwum Motory-
zacji 1/2010. 3-15.

Chiopek Z., Jakubowski A.: The examina-
tion of the reduction of particulate matter
emission from motor vehicle braking sys-
tems. Eksploatacja i Niezawodnosc —
Maintenance and Reliability No. 4(48)/2010.
29-36.

Chtopek Z., Zegota M.: The emission of par-
ticulate matter PM10 from vehicles. Eksplo-
atacja i Niezawodnosc — Maintenance and
Reliability Nr 1(21)/2004. 3-13.

Chiopek Z.: Modelowanie emisji czastek
statych PM10 ze zrédet motoryzacyjnych do
celobw oceny oddzialywania transportu
drogowego na $rodowisko (Modelling of the
emission of particulate matter PM10 from
motorization—related sources for the pur-
poses of assessment of the environmental
impact of road transport). Report of research
project No. N N509 083637 sponsored by

MSc., Eng. -

(8]

(9]

[10]

[11]

[12]

[13]

[14]

the Ministry of Science and Higher Educa-
tion, Warszawa 2012.

Forsberg B. et al.: Comparative health im-
pact assessment of local and regional partic-
ulate air pollutants in Scandinavia. Journal
of the Human Environment 34(1); 2005. 11—
19.

Harrison R. M., Jones A. M., Lawrence R.
G.: Major component composition of PM10
and PM2.5 from roadside and urban back-
ground sites. Atmos. Environ 38; 2004.
4531-4538.

INFRAS AG: Handbuch fiir Emissionsfakto-
ren des Strassenverkehrs. Version 3.1. Bern
2010.

Lohmeyer, A., Diiring, 1., Lorentz, H.: Vali-
dierung von PM10-Immissions—
berechnungen im Nahbereich von Strafien
und Quantifizierung der Staubbildung von
StraBen, Schildhornstrae in Berlin. Auf-
traggeber: Senatsverwaltung fiir Stadtent-
wicklung, Berlin, April 2001.

Mayer A. et al.: Nanoparticle—emissions of
EURO 4 and EURO 5 HDV compared to
EURO 3 with and without DPF. SAE Emis-
sions Measurement and Testing. 2007: 335-
43.

Sieminiski M.: Srodowiskowe zagrozenie
zdrowia (Environmental hazard to human
hea). PWN. Warszawa 2001.

Yuh-Shen Wu, Guor-Cheng Fang, Pi—
Cheng Fu Peter, Chang—Ju Yang: The meas-
urements of ambient particulates (TSP,
PM2.5, PM2.5-10), chemical component
concentration variation, and mutagenicity
study during 1998-2001 in central Taiwan.
Journal of Environmental Science and
Health, Part C Environmental Carcinogene-
sis and Ecotoxicology Reviews; Volume 20
Issue 1 2002. 45-59.

Prof. Zdzistaw Chtopek, DSc., DEng. — -
Professor at the Faculty of Automotive

and Construction Machinery Engineering
at Warsaw University of Technology.

Prof. dr hab. inz. Zdzistaw Chiopek —
Profesor na Wydziale
i Maszyn Roboczych Politechniki War-
szawskiej.

Mr Andrzej Jakubowski, MSc., Eng. —
Engineer in the Automotive Industry
Institute in Warsaw.

Mgr inz. Andrzej Jakubowski — InZynier
W Przemystowym Instytucie Motoryzacji
w Warszawie.

Samochodow

212


http://www.informaworld.com/smpp/content~content=a713631691~db=all~order=page
http://www.informaworld.com/smpp/content~content=a713631691~db=all~order=page
http://www.informaworld.com/smpp/content~content=a713631691~db=all~order=page
http://www.informaworld.com/smpp/content~content=a713631691~db=all~order=page
http://www.informaworld.com/smpp/content~content=a713631691~db=all~order=page
http://www.informaworld.com/smpp/title~content=t713597270~db=all
http://www.informaworld.com/smpp/title~content=t713597270~db=all
http://www.informaworld.com/smpp/title~content=t713597270~db=all~tab=issueslist~branches=20#v20

Mr Jakub Lasocki, MSc., Eng. — Engineer
in the Automotive Industry Institute in
Warsaw, PhD student at the Faculty of
Automotive and Construction Machinery
Engineering at Warsaw University of
Technology.

Mgr inz. Jakub Lasocki — Inzynier
W Przemystowym Instytucie Motoryzacji
w Warszawie, doktorant na Wydziale
Samochodéw i  Maszyn Roboczych
Politechniki Warszawskiej.

Mr Piotr Wojcik, MSc., Eng. — Engineer
in the Automotive Industry Institute in
Warsaw, PhD student at the Faculty of
Automotive and Construction Machinery
Engineering at Warsaw University of

#)

Technology.
Mgr inz. Piotr Wojcik — Inzynier "

W Przemystowym Instytucie Motoryzacji
w Warszawie, doktorant na Wydziale
Samochodéw i Maszyn Roboczych
Politechniki Warszawskiej.

The publication was supported with the funds of the National Centre for Research and Development within a development project No.
NR10-0050-10/2010 entitled “Development of systems to reduce dust emission from disc brake and drum brake mechanisms of automotive

vehicles.”

The scientific work of Jakub Lasocki has been supported by the European Union in the framework of European Social Fund through the
Warsaw University of Technology Development Programme.

213



