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Abstract

The wear resistance of three different types of gray cast iron (gray iron grade 250, high-carbon gray iron and titanium alloyed gray iron),
used in brake disc rotors, was studied and compared with the results obtained with a compact graphite iron (CGI). The wear tests were
carried out in a pin-on-disc wear-testing machine, the pin being manufactured from friction material usually used in light truck brake pads.
The rotating discs (500 rpm) were subjected to cyclical pressures of 0.7, 2 and 4 MPa and forced cooled.

The wear was measured by weighing discs and pads before and after the test. The operating temperatures and friction forces were alsc
monitored during each test.

The results showed that compact graphite iron reached higher maximum temperatures and friction forces as well as greater mass losse:
than the three gray irons at any pressure applied. However, when compact graphite iron was tested with lower applied pressures and same
friction forces sustained by the gray iron rotors, CGI presented the same performance, as did the gray cast iron.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction Recently, manufacturers have introduced high-carbon,
high-conductivity gray iron brake rotors, sometimes al-
The optimization of automotive vehicles braking systems, loyed with Mo or Nb, for passenger cars and heavy trucks.
subjected to mechanical and thermal stresses, depends omhese alloys show lower mechanical strength (classes 200
a combination of properties. In general, a complex state or 150 MPa), and the rotors are, for this reason, bigger and
of stress is found and it is practically impossible to select heavier. The high thermal conductivity is due to a greater
a material and design a component based only on one ofamount of graphite in the microstructure, allowing lower
these properties. The material used in brake rotors shouldtemperatures in the region under friction, which contributes
be able to bear thermal fatigue and should absorb and dissito an increase in life of the compones{.
pate, as soon as possible, the heat generated during braking Gray iron has good thermal conductivity due to the
[1]. graphite phase, which is a excellent thermal conductor.
The hydraulic pressure exerted during typical braking pro- Graphite flakes are interconnected and disposed in the form
cedures, lies between 2 and 4 MP4. Friction makes ro-  of plates, constituting an easy path for fast heat dissipation.
tors reach, during very small periods of time, temperatures In ductile iron, spherical graphite particles are isolated
as high as 806C (1472°F), resulting in a thermal gradient ~ from one another, the contribution of that phase for the ther-
between the surface and the core of the rotors, which maymal conductivity being very small.
reach up to 500C (932°F) [3]. Vermicular graphite, present in compact graphite iron
Traditionally, brake rotors are manufactured in gray iron (CGl), is also interconnected, resulting in intermediate me-
class 250 (UT§in = 250MPa), with a predominantly chanical and thermal properties between those of gray and
pearlitic matrix (>95% pearlite). The automotive industry ductile irons.
in the United States has been using a sub-class of this iron, Mechanical and thermal properties of cast irons may be
with addition of Ti (>200 ppm), so as to reduce the friction improved through the addition of alloying elements. In the
coefficient and to increase wear resistafije case of CGl, the use of Mo and high levels of Si has been
reported, for application in exhaust manifolds, with the pur-
"+ Corresponding author. Tel:55-11-3091-5656; pose of improving thermal fatigué].
fax: +55-11-3091-5243. CGIl is being used in Europe in railroad brake rotors
E-mail address: antschip@usp.br (A.P. Tschiptschin). where both thermal and mechanical stresses are intense.
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CGil is an alternative material that has not yet been thor- other, consisting basically of pearlite and flake graphite,
oughly explored by the automotive industry, possibly due to the only difference being their graphite content. The CGl,
the limited knowledge of its use in that type of application however, presented also ferrite in its microstructure, besides
[7]. pearlite, vermicular graphite and traces of spherical graphite.
According to Zhang et al[8], the wear resistance of Thel/D ~ 5 (L: length andD: width) average value of the

compact graphite irons is greater than the wear resistancegraphite aspect ratio of the three gray irons shows that its
of gray and ductile irons, independent of contact pressure morphologies are very similar, and clearly different from
or sliding speed. This is due to an excellent combination CGI which presents &/D close to 3.

between high mechanical resistance and good heat-transfer The wear tests were performed in a PLINT-TE67
capacity, which gives the material good thermal fatigue pin-on-disc wear-testing machine, where the load is pneu-

peeling resistancps].

Although the mechanical and thermal properties of the
CGil are very well known, there is little information in liter-
ature relative to its use in brake rotors applicatif®4.0].

In this work, the wear performance of a CGI used in the

matically applied. The pin specimens were manufactured
from brake pads used in the Mercedes Benz Sprinter vans.
They had a square base (area of 144%namd were ground

with sand paper grade 400. The disc specimens were man-

ufactured in iron with 70 mm in diameter and 7 mm in thick

manufacture of engine blocks is studied, aiming at its usageand surface finished by polishing withsIn diamond paste.
in brake rotors of large vehicles. The results are compared Chemical analysis carried out on the pins (pads), revealed
to the ones obtained in similar tests carried out with gray the predominant presence of iron, barium, aluminum and

irons normally used.

2. Experimental procedure

silicon and small proportions of sulfur, calcium, manganese
and copper. According to Anders¢ihl], these brake pads
should be classified, as metallic.

The wear tests have been carried out as follows: a cyclic
pressure of 0.7, 2 and 4 MPa was applied through the pin to

Three types of gray irons were studied: one grade 250 the spinning rotor (500 rpm). Pressure was applied for 1 min

(G1250), one high-carbon (GIHC), one alloyed with Ti
(GI250Ti) and a compact graphite iron, whose chemical

leaving the rotor spinning unloaded for the next 3 min, the
total cycle being 4 min long. During the cycles, a blower

compositions and basic mechanical properties are shown incooled the pin—rotor system. The test lasted 20 h, with the

Table 1

completion of 300 cycles (loading—unloading). During the

The microstructural characteristics of the four classes of cycles, the temperatures reached by pins were determined

irons are indicated inrable 2 It was noted that the mi-
crostructures of the gray irons were very similar to each

Table 1
Chemical composition (wt.%) and mechanical properties of irons

by means of thermocouples inserted in the pins, as shown
in Fig. L The normal and tangential forces were also
recorded.

The wear in rotors and pins was measured by the accumu-
lated mass loss after the cycles. At least three rotors of each
material were tested in order to verify the reproducibility

GI250 GIHC GI250Ti CcaGl of the results.
c 3.54 3.73 3.49 3.63
Si 2.15 2.07 2.27 2.06
Mn 0.51 0.78 0.53 0.51 3. Results and discussion
P 0.054 0.058 0.052 0.04
S 0.1 0.085 0.09 0.015
Ti 0.012 0.014 0.028 0.014 The accumulated wear of the disc specimens as function
Cu 0.69 0.56 0.71 0.47 of pressure and type of iron are shownHigy. 2 It can be
Cr 0.034 0.27 0.060 0.035  geen that for any testing pressure, the wear of CGI discs
Sn 0.061 0.039 0.064 0045 g higher than the wear measured for all tested gray irons,
Hardness (HB) 195 5 180+ 5 195+ 5 220+ 5 except for the 4 MPa conditions, in which GI250 presented
UTS (MPa) 255 240 255 460 the greatest wear. The three gray irons showed similar wear
for the lower applied pressures (2 or 0.7 MPa), considering
the standard deviations.

Table 2 Fig. 2 shows that the wear of gray irons decreases as the
Microstructural characteristics of irons applied pressure decreases. The same is not valid for CGl,

GI250 GIHC ~ GI250Ti  CGlI where wear does not change monotonically with decreasing
Graphite (%) 12 12,5 10 12 pressure.
L/D 5 4.7 6.5 2.8 One would expect that CGI, which presents the highest
Type IA3 IA3 IA3 90% IlIAS-10% VIA6 mechanical strength among the four studied materials, could
Pearlite (%) 99 99 99 85 be the most wear resistant material. The results, however,
Ferrite (%) <1 <1 <1 15

do not show such a relation. The large amount of ferrite
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Fig. 1. Schematic representation of pin-on-disc wear-testing machine.

in the CGI metallic matrix, and the lower heat dissipation the same, independent of the tribologic pair and friction con-
capacity of this material could be the main causes of this ditions recorded.
behavior. In Table 3 one can see that friction forces and tempera-
Considering the wear average values, the GI250Ti pre- tures are quite the same for the three gray irons. When test-
sented greater wear resistance for all applied pressuresing CGI discs, the highest friction forces and temperatures
indicating that removal of material is reduced by some other were reached.
microstructure characteristic and not only due to the lubri-  In Fig. 2, it was shown that CGI presented the worst wear
cating action of graphite that protects the surface againstresistance and, at a first glance, it would not be selectable for
wear[12]. manufacturing brake rotors. It is worth noting, however, that
Hard titanium carbide particles improve the wear resis- the high friction forces developed during the tests suggest
tance[4,7]. These particles, with diameters between 2 and that a CGI rotor would show higher braking efficiency, and
6um, are dispersed in the relatively soft metallic matrix. hence, it would require lower braking pressures, compared to
Ti levels lower than 0.015% precipitates less than 40 hard those necessary to stop a vehicle—with the same momentum
particles/mm, leading to high values of wear, while lev- in the same braking distance—having gray iron rotors.
els higher than 0.025%, precipitates more than 60 hard Therefore, CGI tests using lower applied pressures (3.3,
particles/mm, promoting low wear. A value of 0.02% of 1.7 and 0.4 MPa) were carried out to reach the same order
Ti is used as reference in irons used in brake rotors andof friction forces obtained for the gray irongable 4shows
drums. The GI250Ti iron used in this study has 0.028% Ti the results including an extra test carried out with 1.3 MPa
explaining the lower wear rate observed. applied pressure to evaluate more precisely the tendency of
Fig. 3shows the pin wear for the four different disc mate- the CGI results.
rials. In this case, considering the standard deviation of the One can see that the friction forces and temperatures
results, one can state that the wear of the pins, is practicallyreached by CGI tested at pressures of 3.3, 1.7 and 0.4 MPa
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Fig. 3. Pins’ wear as a function of testing pressure and different disc
Fig. 2. Discs wear as function of testing pressure. materials.
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Table 3
Friction force and temperature as function of pressure and type of iron
4MPa 2MPa 0.7 MPa
Friction (N) Temperature®°C) Friction (N) Temperature®C) Friction (N) Temperature®C)
GI250 315+ 10 200+ 10 110+ 10 90+ 5 35+ 10 60+ 5
GIHC 325+ 10 210+ 10 110+ 10 85+ 5 35+ 10 55+ 5
GI250Ti 340+ 10 210+ 10 110+ 10 95+ 5 35+ 10 60+ 5
CGl 360+ 10 240+ 10 165+ 10 115+ 5 55+ 5 70+ 5

Table 4
Friction force and temperature as function of pressure in CGI
4MPa 3.3MPa 2MPa 1.7 MPa 1.3MPa 0.7 MPa 0.4MPa
Friction (N) 360+ 10 320+ 20 160+ 10 105+ 10 80+ 5 55+ 5 35+5
Temperature°C) 240+ 10 195+ 10 115+ 5 90+ 5 75+ 10 70+ 5 60+ 5
1,0 e During gray irons tests, at given applied stresses, prac-
084 o250 Floie ERoisoTi Mcal tically the same friction forces and temperatures were

observed, independent of the grade. Compact graphite
iron, on the other hand, showed greater friction forces
and temperatures than those observed in gray irons.
e During CGl tests using lower applied pressures (3.3, 1.7
= . and 0.4 MPa), carried out to reach the same order of fric-
2 17 13 07 04 tion forces obtained for gray irons, it was observed that
Testing pressure [MP2] the wear is greater or at least the same of that observed
for gray irons.

Disc wear [g]

Fig. 4. Wear of the tested irons CGl as function of applied pressure.
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