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Summary

More than 15 components occurin the friction materials for disc brake pads. Copperin the form of powder
or fibres is counted among reinforcers and it plays an important role in the braking process. The brake
pads tested, reinforced with a 2% admixture (by weight) of copper powder or fibres, were manufactured
in a normal production process at the TOMEX Company. The tests were carried out on a T-11 ("pin-on-
disc") test machine for small specimens prepared from the friction material under consideration and on
a Kraus test machine, where finished brake pads were examined. The test conditions were close to the
normal brake operation conditions. The brake discs used as counter-specimens were made of grey cast
iron with flake graphite.

According to the test results obtained from both test machines, the values of the coefficient of friction
were higher and the wear was bigger for the material reinforced with fibres as against those recorded
for the material where powder was used as the reinforcer.

Observations of the material structure carried out on a scanning microscope JEOL JSM-6360LA and the
nature of the material wear observed on an optical profiler BRUKER Contour GT have confirmed the test
results.
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1. Introduction

The material components used to manufacture friction materials for motor vehicle
applications are classified into five groups: reinforcers, binders, fillers, friction materials
proper (abrasives), and lubricants. Copper in most cases is counted among reinforcers,
which give adequate mechanical strength to the friction material. Apart from copper, other
materials such as aramid glass fibre, metals (steel, brass), and ceramic materials are also
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used as reinforcers. Copper in friction materials has the form of fibres or powder. It has
good heat conduction characteristics, which help to reduce temperature in the contact
area; unlike steel fibres, it has good corrosion resistance properties [5], [8].

2.Purpose of the work

The work was undertaken to determine the conditions of interaction between the friction
material and a brake disc made of grey cast iron with flake graphite, depending on the form
of copper used in the friction material [7].

3. Materials used at the tests
3.1. Material of the test specimens

The test specimens were made on the production process line of the TOMEX Company,
based on friction material 14A reinforced with Cu fibres (specimen 1a) and Cu powder
(specimen 2a).

The test specimens made from friction material samples and prepared for tests were
subjected to identification carried out with the use of a scanning microscope JOEL IJSM-
6360LA, which offered a possibility of observations at 30 kV with a resolution of 3 nm and
4 nm in the high vacuum and low vacuum mode, respectively (Fig. 1) [1].

Fig. 1. Structures of specimens 1a and 2a, magnification: 100x and 500x
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3.2. Material of the counter-specimens

Brake discs are most frequently made of cast iron, which is an alloy with iron matrix and
2.0-3.8% carbon content, with Si, Mn, P, and S also used as alloy additions.

Grey cast iron with flake graphite is the most conventional material among the cast iron
grades used for the manufacturing of brake discs.

The counter-specimens prepared were subjected to microscopic observations without
etching (Fig. 2) [6], [7].

0,04 mm

Conventional light, magnification 500x, Phase contrast, magnification 500x,
unetched specimen unetched specimen

Fig. 2. Grey cast iron with flake graphite (Br)

4.Tests

The tests to determine the friction properties of the materials under examination were
carried out at the micro-scale on a T-11 ("pin-on-disc”) test machine and at the natural (full-
size) scale on a Krauss test machine.

4.1. Micro-scale examining of friction properties on a T 11 ("pin-on-disc") test machine

The T-11 test machine of the "pin-on-disc” type is used to determine tribological properties
of materials for friction pairs in micro-scale tests aimed at preliminary assessment of
e.g. friction materials. The vertical load was applied to the test specimen with the use
of test weights and the fiction force was measured with a dynamometer. The values of
these quantities provide a basis for determining the coefficient of friction of the friction
pair under test. During the tests, the friction force, temperature, and friction path of the
friction pair were continuously recorded. For the test conditions to be made as close to
the natural conditions as possible, test specimens with diameter changed to 8 mm were
allowed thanks to the use of a specially designed adapter, with the counter-specimen
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diameter being also changed so that the friction radius was 9.5 mm (Fig. 3). The specimen
was loaded with a vertical force of up to 50 N.

The tests of the T 11 machine [2] were carried out at predetermined test parameters
specified in Table 1.

Table 1. Test parameters

Dimensions
Rubbing area Test parameters
Specimen diameter | Friction radius
Rotational speed: 525 rpm
Rubbing speed: 0.522m/s

8 mm 9.5 mm 50.26 mm? Friction path: 3130m
Unit contact pressure: | about 1 N/mm?

Ambient temperature 25+5°C

Fig. 3. Specimen (a) and counter-specimen (b), in the form of a pin and a disc, respectively

4.1.1. Test program

During the tests on the T-11 machine, the friction pair elements were to rub continuously
against each other, according to the test program adopted. Based on previous experience,
the time of a single test run was decided to be 6 000 s, with the friction pad bedding-in
period taking the first 2 000 s of that.

4.2. Natural-scale examining of friction properties on a Krauss test machine

The natural-scale tests of friction properties of the materials under tests were carried out
on a Krauss test machine at the TOMEX Company. The machine design makes it possible
to test full-size brake mechanisms. The friction material test loading conditions in a brake
mechanism are simulated with the use of a DC motor. The Krauss test machine is commonly
used by friction material manufacturers for ongoing production quality assessment in
accordance with the requirements laid down in Annex 9 to UN ECE Regulation No. 90 [4].
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Dynamic tests on inertia dynamometers, which enable the obtaining of a wide range of
test parameters, are usually carried out within the process of developing new friction
materials.

Parameters of the machine testing (Annex 9 to UN ECE Regulation No. 90):

Disc or drum rotational speed without load  660+10 rpm
Disc or drum rotational speed with fullload  min. 600 rpm
Rubbing speed about 0.9 m/s
Hydraulic pressure acting on the piston 0.9 MPa

Number of brake applications 50 (in the brake fade test cycle)

Cooling air supply rate 60060 m3/h

4.2.1. Test program

The test program covered four test cycles (bedding-in, cold performance test, fade test,
and recovery). Each brake application lasted 5 seconds, which was followed by a brake
release for 10 seconds.

The program of the test carried out on the Krauss test machine has been presented in
Table 2.

During each brake application, the quantities recorded were brake disc temperature and
brake torque converted into the coefficient of friction. The friction properties of the friction
pairs under tests were evaluated during the fade test cycle. The parameters subject to
evaluation were operational coefficient of friction (pop), maximum coefficient of friction
(”max)- and minimum coefficient of friction (umm).

Table 2. Test program

Brake disc
temperature
Number at the Maximum
Cycle of brake beginning brake disc Forced
Cycle - .
No. applications of the temperature | cooling
in the cycle first brake [°C]
application
[°C]
1 D - bedding-in 2x(5x3) 100 300 yes
2 Z - cold performance test 1x10 50 - no
3 F - fade test 5x10 100 - no
4 R - Recovery 1x10 100 - yes
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The friction pair consisted of a brake pad with 2 275 mm? rubbing area and a ventilated
brake disc with 239 mm diameter for the Daewoo Lanos passenger car (Fig. 4).

Fig. 4. Brake pad and brake disc for the Daewoo Lanos passenger car

4.3. Wear examinations

The T-11 test machine made it possible to record the linear wear of the friction pair. The
wear was evaluated after bedding-in of the friction pair, for the test period from 2 000 s to
6 000 s.

On the Krauss test machine, the friction material wear was determined by mass.

4.4. Qualitative examination of the working surface of the friction pair

For the specimens tested on the T-11 test machine, the working surface of the friction pair
was qualitatively examined with the use of a BRUKER profiler, model Contour GT (Fig. 5), at
the Motor Transport Institute (ITS).

Fig. 5. Optical profiler BRUKER Contour GT
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5.Test results
5.1.T-11 test machine

The evaluation of friction and wear characteristics was based on the average values of the
measurement results recorded during the test period from 2 000 s to 6 000 s. The parameters
subject to evaluation were the coefficient of friction and the total wear of the friction pair.

The test results have been shown in Fig. 6.
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Fig. 6. Results of the tests carried out on the T-11 test machine
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As it can be seen in the graphs in Fig. 6, the coefficient of friction vs. time curves had
a similar nature in both cases. The values of the coefficient of friction for the material with
copper fibres exceeded those determined for the material with copper powder by about
10 %. The linear wear values measured, taken for the specimen and counter-specimen in
aggregate, were found for the former material to be higher by 20 % than those for the latter
[3, 4].

5.2.Krauss test machine

At the tests carried out on the Krauss machine, the friction pair performance was evaluated
during the fade test cycle because of the most severe operating conditions encountered
by the friction pair in such a case. This part of the test consisted of 5 cycles of 10 brake
applications each at a constant rubbing speed of v=0k. 7 m/s and a constant hydraulic line
pressure of 0.9 MPa. The brake disc temperature at the beginning of each cycle of brake
applications was 100 °C. During each brake application, the brake disc temperature and
coefficient of friction were recorded.

The test results have been presented in Fig. 7, where the time histories of friction
characteristics have been shown in the graphs and the values of the coefficient of friction
have been tabulated.

The test results have confirmed the fact observed at the micro-scale tests that the
coefficient of friction for the material with copper fibre reinforcer exceeded that of the
material reinforced with copper powder.

The wear of the friction materials was measured by mass. For the friction material with
copper fibre reinforcer, the loss in mass was 0.89 %, while the loss of mass for the material
with copper powder was lower by about 30 %.

5.3. Examination of the counter-specimen surface

For the influence of the form of copper additive in the friction material on the counter-
specimen wear to be determined, the counter-specimen surface was examined with the
use of a BRUKER Contour GT optical profiler (Fig. 5). The surface roughness was measured
at selected cross-sections and quantitative evaluation of the roughness over the bearing
area (Sa) was carried out. The examination results, concerning cross-section 1 (Fig. 8),
have been presented in Figs. 9 and 10.
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Fig. 8. Counter-specimens after tests with specimen 1a and specimen 2a
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Fig. 9. Counter-specimen after tests with specimen 1a - surface structure
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Fig.10. Counter-specimen after tests with specimen 1b - surface structure

The examinations of the surface wear degree have shown that the counter-specimen
mating the specimen reinforced with copper powder was less worn than the one used with
the specimen with copper fibres. Based on an analysis of the surface profile, the surface
roughness of the former counter-specimen was estimated at about 5 pm while for the
specimen with copper fibres, the counter-specimen surface roughness was about 8 pm.

6.Conclusions
In result of the tests described above, the following was ascertained:

e The coefficient of friction (at the cold performance test), determined from the tests
carried out on both the KRAUSS and T-11 test machines, was lower by 10-12 % for the
friction pair with copper having the form of powder.

e The maximum coefficient of friction, determined from the tests carried out on both the
KRAUSS and T-11 test machines, was lower by about 10 % for the friction pair with copper
having the form of powder.
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The specimen and counter-specimen wear, determined from the tests carried out on the
KRAUSS and T-11 test machines, was lower by about 30% and about 20%, respectively,
for the friction pair with copper having the form of powder.
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WPLYW POSTACI MIEDZI W MATERIALE
CIERNYM HAMULCOW TARCZOWYCH
NA WSPOLCZYNNIK TARCIA | ZUZYCIE
W BADANIACH STANOWISKOWYCH
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Instytut Transportu Samochodowego

Streszczenie

W materiatach ciernych stosowanych na naktadki hamulcow tarczowych wystepuje przeszito 15 kom-
ponentow. Miedz w postaci proszku lub wiokien zaliczana jest do grupy wzmacniaczy i spetnia w pro-
cesie hamowania istotng role. Naktadki cierne wzmocnione witdknem i proszkiem miedzi w ilosci 2%
(wagowo), wykonano w procesie produkcyjnym w firmie Tomex. Badania przeprowadzono na matych
probkach na stanowisku T-11 (pin on disc) i na naktadkach ciernych na stanowisku Krauss w warunkach
zblizonych do eksploatacyjnych. Tarcze hamulcowe stanowigce przeciwprobke wykonano z zeliwa sza-
rego z grafitem w postaci ptatkowe;j.

Wyniki badar na obu stanowiskach wykazaty, ze dla materiatu wzmocnionego wioknem uzyskano wyz-
sze wartosci wspotczynnika tarcia i wieksze zuzycie niz dla materiatu wzmocnionego proszkiem.

Obserwacje struktur na mikroskopie skaningowym JOEL JSM - 6360LA oraz charakter zuzycia obserwo-
wany na profilometrze optycznym firm BRUKER Contour GT, potwierdzajg uzyskane wyniki badan.

Stowa kluczowe: materiaty cierne, para cierna, tarcie, zuzycie

1. Wprowadzenie

W materiatach ciernych stosowanych w pojazdach samochodowych stosuje sie kompo-
nenty zaliczane do 5 grup: wzmacniacze, spoiwa, wypetniacze, materiaty cierne (scierne)
i smary. Miedz najczesciej zaliczana jest do grupy wzmacniaczy, ktore zapewniajg odpo-
wiednig wytrzymatosci mechaniczng materiatu ciernego. Poza miedzig stosuje sie tez inne
materiaty takie jak: widkno szklane aramidowe, metale (stal, mosigdz), materiaty ceramicz-
ne. Miedz wystepuje w materiatach ciernych w postaci witokien lub proszku, posiada dobre
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wiasciwosci przewodnictwa cieplnego, ktore wptywa na obnizenie temperatury w strefie
kontaktu, oraz posiada dobre wiasciwosci antykorozyjne w przeciwienstwie do wiokien
stalowych.

2.Cel pracy

Celem pracy byto okreslenie warunkow wspotpracy materiatu ciernego z tarczg hamulco-
wg wykonang z zeliwa szarego (z grafitem ptatkowym) w zaleznosci od zastosowanej po-
staci miedzi w materiale ciernym.

3. Materiaty stosowane w badaniach
3.1 Materiat probki

Prébki zostaly wykonane na linii produkcyjnej firmy TOMEX na bazie z materiatu ciernego
14A wzmocnionego wtoknami Cu (probka 1a) oraz proszkiem Cu (probka 2a).

Przygotowane i wykonane probki poddano identyfikacji za pomocg mikroskopu skanin-
gowego JEOL JSM-6360LA umozliwiajgcym obserwacje przy 30 kV z rozdzielczoscig 3nm
w trybie prozni wysokiej oraz 4nm w trybie prozni niskiej (rys. 1) [1].

Rys. 1. Struktury prébek 1a i 2a pow. x100 i x500




Wptyw postaci miedzi w materiale ciernym hamulcow tarczowych na wspotczynnik tarcia
i zuzycie w badaniach stanowiskowych 173

3.2 Material przeciwprobki

Najczesciej stosowanym materiatem na tarcze hamulcowe jest zeliwo, bedgce stopem na
bazie zelaza o zawartosci wegla 2,0-3,8% i zawierajgcym dodatki: Si, Mn, P i S.

Najbardziej klasycznym sposrod zastosowanych gatunkow zeliwa na tarcze hamulcowe
jest zeliwo szare z grafitem ptatkowym.

Przygotowane probki poddano obserwacjom mikroskopowym w stanie nie trawionym
(rys.2).

0,04 mm

swiatto zwykte, pow. 500x, stan nie trawiony kontrast fazowy, pow. 500x, stan nie trawiony

Rys. 2. Zeliwo szare z grafitem ptatkowym (Br)

4.Badania

Badania charakterystyk ciernych wykonano w skali mikro na stanowisku T11 (pin on disc)
oraz w skali rzeczywistej na stanowisku Krauss.

4.1 Badania charakterystyk ciernych w skali mikro na stanowisku T-11 (pin on disc)

Urzadzenie T-11 typu trzpien-tarcza uzywane jest w celu okreslania tribologicznych wias-
ciwosci materiatow stosowanych na wezty tarcia. Badania prowadzi sie w skali mikro,
w celu wstepnej oceny np. materiatow ciernych. Obcigzenie pionowe probki realizowane
byto przez obcigzniki a pomiar sity tarcia za pomocg dynamometru. Wartosci te pozwalajg
okresli¢ wspotczynnik tarcia w wezle. Ponadto w trakcie badania rejestrowano w sposob
ciggly site tarcia, temperature oraz droge tarcia pary ciernej. W celu zblizenia warunkow
badan do rzeczywistych zmieniono poprzez zaprojektowany adapter srednice probki do 8
mm oraz przeciwprobki uzyskujgc promien tarcia 9,5 mm (rys. 3). Probke obcigzono mak-
symalng sitg pionowg wynoszgcg 50N.

Badania na stanowisku T 11 [2] przeprowadzono wedtug ustalonych parametrow badan
(Tabela 1).
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Tabela 1. Parametry badan

Wymiary Powierzchnia .
. . Parametry badan
Srednica probki | Promien tarcia tarcia
predkos¢ obrotowa: 525 obr/min
predkos¢ tarcia: 0.522 m/s
8 mm 9.5 mm 50.26 mm? droga tarcia: 3130 m
naciski jednostkowe: ok.1TN/mm?
temp. otoczenia: 25+5°C

Rys. 3. a - probka (trzpien); b - przeciwprobka (krazek)

4.1.1 Program badan

Program badan na urzadzeniu T-11 przewidywat ciggtg wspotprace pary ciernej. Czas po-
jedynczej proby zostat, na podstawie wczesniejszych doswiadczen okreslony na 6000 s
w tym przez 2000 s nastepowato docieranie.

4.2 Badania charakterystyk ciernych w skali rzeczywistej na stanowisku Krauss

Badania witasciwosci tarciowych wykonano w firmie TOMEX na stanowisku Krauss.
Stanowisko posiada konstrukcje, ktéra umozliwia badania petnowymiarowego hamulca.
Symulowanie warunkow obcigzenia badanego materiatu ciernego w mechanizmie hamu-
jacym nastepuje za pomocg silnika pragdu statego. Stanowisko Krauss jest powszechnie
stosowane przez producentéw materiatéw ciernych dla oceny jakosci biezgcej produkciji,
zgodnie z wymaganiami opisanymi w Zataczniku 9 Regulaminu ONZ nr 90 [4]. Badania na
stanowiskach dynamicznych bezwtadnosciowych umozliwiajgcych uzyskanie szerokiej
skali parametrow badan, prowadzone sg zwykle w procesie opracowywania nowych ma-
teriatow ciernych.
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Parametry badan na stanowisku (Zatgcznik 9 Regulaminu ONZ nr 90):
predkosc obrotowa tarczy/bebna bez obcigzenia 660 + 10 obr/min
predkosc obrotowa tarczy/bebna z obcigzeniem min. 600 obr/min

predkosc poslizgu ok.7m/s

cisnienie hydrauliczne przed ttokiem 0,9 MPa

ilos¢ zahamowan 50 (w cyklu fadingu)
wydatek chiodzenia powietrzem 600 + 60 mé/h

4.2.1 Program badan

Program badan obejmuje cztery cykle badawcze (docieranie, na zimno, fading, regenera-
cja). Kazde zahamowanie trwa 5 sekund, po ktorym hamulec zostaje zwolniony i pozostaje
w takim stanie przez 10 sekund.

Program badan na stanowisku Krauss przedstawiono w Tabeli 2.

Podczas kazdego zahamowania rejestrowana jest temperatura tarczy hamulcowej oraz
moment hamowania przeliczony na wspotczynnik tarcia. Ocene wiasciwosci ciernych ba-
danych par przeprowadzono w cyklu fadingu. Ocenianymi parametrami byty: operacyjny
wspotczynnik tarcia - i maksymalny - p__; minimalny - p

max min”

Tabela 2. Program badan

Temp. tarczy
. Temp.
Liczba na poczatku Wymuszone
Nr X . maksymalna .
Cykl hamowan pierwszego chtodzenie
cyklu . tarczy
w cyklu hamowania [°C]
[°C]
1 D - docieranie 2x(5x3) 100 300 tak
2 Z - na zimno 1x10 50 - nie
3 F - fading 5x10 100 - nie
4 R - regeneracja 1x10 100 - tak

Pare cierng stanowita naktadka do samochodu Daewoo Lanos o powierzchni tarcia 2275
mm? oraz wentylowana tarcza hamulcowa o $rednicy 239 mm (rys. 4).
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Rys. 4. Naktadka cierna i tarcza hamulcowa do samochodu Daewoo Lanos

4.3 Badania zuzycia

Stanowisko T-11 umozliwito rejestracje liniowego zuzycia pary ciernej. Ocene zuzycia wy-
konano po dotarciu w zakresie 2000-6000 s.

Na stanowisku Krauss oceniono masowe zuzycie materiatu ciernego.

4.4.Badania jakosciowe powierzchni pary ciernej

Badania jakosciowe powierzchni pary ciernej wykonano dla prébek T-11 za pomocg pro-
filometru firmy BRUKER typ Contour GT w Instytucie Transportu Samochodowego (rys 5).

Rys 5. Profilometr optyczny BRUKER Contour GT
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5. Wyniki badan
5.1 Stanowisko T-11

Ocene charakterystyki ciernej i zuzycia dokonano w oparciu o srednie wartosci z zareje-
strowane w przedziale czasu miedzy 2000 a 6000 s. Ocenianymi parametrami byt wspot-
czynnik tarcia p oraz zuzycie sumaryczne pary.

Wyniki badan przedstawiono na rysunku 6.

Wspotczynnik tarcia
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[¢] 1000 2000 3000 4000 5000 6000
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Rys 6. Wyniki badan zuzycia na stanowisku T11
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Zaobserwowany na wykresach (rys. 6.) charakter przebiegu wspoéiczynnika tarcia jest
podobny w obu przypadkach. Wartosci wspotczynnika tarcia sg wyzsze dla materiatu
Z miedzig w postaci wiokien o ok. 10%. Zmierzone zuzycie linowe (sumaryczne probki
i przeciwprobki) wykazato o 20% wyzsze wartosci zuzycia dla materiatu ciernego z wiok-
nami miedzi [3], [4].

5.2 Stanowisko Krauss

Ocene pary ciernej przeprowadzono w cyklu fadingu z uwagi na najciezsze warunki pra-
cy wystepujgce podczas tej proby. Ta czesc¢ badan polegata na wykonaniu 5 cykli po 10
zahamowan przy statej predkosci poslizgu wynoszacej v= 0k.7 m/s oraz przy stalym cis-
nieniu w uktadzie hamulcowym wynoszgcym p=0,9 MPa. Temperatura tarczy hamulcowej
na poczatku kazdego cyklu zahamowan wynosita 100°C. Podczas kazdego zahamowania
rejestrowano: temperature tarczy hamulcowej oraz wspotczynnik tarcia.

Prezentowane wyniki badan na rys 7 pokazujg na wykresie przebieg charakterystyk cier-
nych, a w tablicy wartosci wspotczynnikow tarcia.

Wyniki badan potwierdzajg obserwowane w skali mikro wyzsze wartosci wspotczynnika
tarcia dla materiatu ciernego z dodatkiem wtokien miedzi w stosunku do dodatku miedzi
w postaci proszku.

Przeprowadzono pomiary masowe zuzycia materiatu ciernego. Materiat cierny z dodatkiem
wiokien wykazat ubytek masy wynoszacy 0,89% a z proszkiem byt nizszy o ok. 30%.

5.3 Badania powierzchni przeciwprobki

W celu okreslenia wptywu postaci miedzi w materiale ciernym na zuzycie przeciwprob-
ki przeprowadzono badania za pomocg profilometru firmy BRUKER Contour GT (rys. 5).
Wykonano pomiar chropowatosci powierzchni w wybranych przekrojach oraz ocene ilos-
ciowg chropowatosci powierzchni sladu (Sa). Prezentowane wyniki odnosza sie do prze-
kroju 1 (rys. 8). Wyniki przedstawiono narys 9 10.
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Rys 7. Wyniki badan na stanowisku KRAUSS:
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Rys 8. Przeciwprébki po badaniu z probka 1ai 2a
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Rys 9. Przeciwprdobka po badaniu z probka 1a - struktura powierzchni
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Rys 10. Przeciwproébka po badaniu z prébka 2a - struktura powierzchni

Badania stopnia zuzycia powierzchni wykazujg mniejsze zuzycie przeciwprobki wspotpra-
cujacej z probka z miedzig w postaci proszku. Chropowato$¢ oszacowana na podstawie
analizy profilu powierzchni wynosita ok. 5 ym, a dla przeciwprobki z miedzig w postaci
widkien ok. 8 pm.

6. Wnioski koncowe
Na podstawie przeprowadzonych badan stwierdzono:

e mniejszy wspotczynnik tarcia (na zimno) dla pary ciernej z miedzig w postaci proszku
0 ok.10-12% na stanowisku KRAUSS i T-11;

o mniejszy maksymalny wspotczynnik tarcia dla pary ciernej z miedzig w postaci prosz-
ku o ok.10% na stanowisku KRAUSS i T-11;

® mniejsze zuzycie probki i przeciwprobki dla pary ciernej z miedzig w postaci proszku o
ok. 30% na stanowisku KRAUSS i ok. 20% na stanowisku T-11.
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