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Abstract: The limited thermal conductivity of compacted graphite iron constrains its application in
brake discs. The matrix plays a crucial role in balancing the thermal conductivity and mechanical
performance of compacted graphite iron. Therefore, two kinds of compacted graphite brake discs
with different ferrite proportions were utilized to investigate their thermal cracking and friction
performance under intensive braking conditions based on inertia friction tests. The variations in
peak temperature, pressure load and friction coefficient stability were also analyzed. The brake disc
with a higher ferrite proportion exhibited a lower peak temperature, attributed to increased thermal
conductivity. Moreover, the elevated content of soft ferrite resulted in a greater furrow height on the
worn surface, contributing to an increase in friction force and stability. As a result, both the input
pressure and mechanical stress decreased. It was observed that the compacted graphite iron brake
disc with a higher ferrite proportion exhibited fewer thermal cracks without compromising wear
resistance. Furthermore, the results suggest that lowering the disc temperature to 210 ◦C–250 ◦C can
mitigate fatigue wear and matrix oxidation, hindering the propagation of thermal cracks.

Keywords: thermal cracking; friction; compacted graphite iron; brake disc; high deceleration

1. Introduction

During the braking process, brake discs must endure frictional torque, absorb the
generated heat and quickly dissipate it into the surrounding air [1,2]. Simultaneously, brake
discs need to be suitable for various braking applications, including frequent acceleration–
deceleration and single stops with specific deceleration [3–5]. In high deceleration braking
events, the braking time may be insufficient for the heat to dissipate through the disc
material. In such cases, more braking energy is absorbed by the brake disc, leading to a
higher temperature rise and increased thermomechanical stress [5]. This process requires
high resistance to thermal cracking and excellent friction stability.

Compacted graphite iron (CGI) has been regarded as an ideal material for commercial
vehicle brake discs due to the presence of rounded vermicular graphite, which reduces
the initiation of thermal cracks and matrix oxidization [6–9]. Unfortunately, CGI brake
discs have not been widely used as anticipated. One important reason is the low thermal
conductivity of CGI discs, which exacerbates thermomechanical stress and friction force
during high-deceleration braking events.

The performances of CGI brake discs have been extensively investigated. Kim et al. [10]
investigated the mechanical properties and friction process of CGI at elevated temperatures
using a Pin-on-Disc wear tester. They found that the tensile strength of CGI increased
linearly with increasing pearlite proportions and decreasing temperatures. They also in-
dicated that wear loss increased with rising temperatures or in the absence of air due to
the oxidation of the matrix. Cueva et al. [11] tested the wear resistance of CGI at different
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pressures by the Pin-on-Disc testing method. Their results showed that CGI exhibited a
higher temperature and friction force but greater weight loss than those of gray cast iron
samples at cyclical pressures of 0.7 MPa, 2 MPa and 5 MPa. The thermal and mechanical
properties of CGI are mainly adjusted in practical production by controlling their graphite
morphologies, ferrite/pearlite ratios and alloying additions. To improve the heat transfer
property of CGI, researchers have explored increasing vermicularity and ferrite proportions
due to providing more pathways for heat transfer and increased thermal conductivity of the
matrix [12,13] or reducing alloying additions due to the scattering of alloying atoms [14,15].
However, such structural changes often result in decreased tensile strength or microhard-
ness, potentially weakening resistance to thermal fatigue and friction stability [16,17]. This
contradictory relationship between the thermal and mechanical properties of CGI is also
one of the reasons limiting the application of CGI brake discs. Ralkanoglou et al. [18] stud-
ied the primary fracture mechanism of CGI in thermal cycling conditions using a numerical
approach. They developed a 2D model to investigate the effects of ellipse graphite deco-
hesion and matrix plasticization on microcracking. However, their numerical assessment
was inadequate because it did not consider oxidation and oversimplified the graphite and
ferrite morphologies. Pan et al. [19] proposed a modified Paris-type life model to predict the
thermal damage of CGI. Their results showed that the initiation and propagation of thermal
cracks were affected by various structural characteristics, suggesting that the number of
thermal fatigue cracks is related to the amplitude of temperature. Zhang et al. [20] indicated
that a higher pearlite content offered the best thermal fatigue resistance by reducing the
cracking growth rate. However, their thermal fatigue experiments did not consider the
influence of friction.

Most of the above studies have focused on graphite morphology and individual
performance aspects, such as thermal fatigue or wear. However, the matrix of CGI is
equally crucial in understanding thermal cracking and friction behavior, as it serves as
the primary structure responsible for heat absorption/dissipation and friction. Moreover,
the performance of brake discs is a composite outcome of thermal cracking, friction fade,
fatigue, etc. The relationships between the matrix structure and the combined behavior of
thermal cracking and friction have been less explored and analyzed.

To provide a theoretical basis for improving the service performance of brake discs,
this study compares and analyzes the thermal cracking and friction performance of two
kinds of CGI brake discs under high-deceleration braking conditions. The variations in
thermo-mechanical stresses are explored by examining changes in peak temperatures
and pressure loads. The influence of the matrix on the friction coefficient and stability is
discussed. Additionally, this study investigates the morphology of thermal cracks and
worn surfaces to reveal the law of thermal crack propagation and wear.

2. Materials and Methods
2.1. Materials

Two kinds of CGIs were melted in a 250 kg medium-frequency induction furnace. The
charge materials comprised steel scrap, low-P pig iron, ferromolybdenum, ferrosilicon,
copper, tin and carburizer. After superheating to 1520 ◦C for approximately 10 min, the
molten iron was transferred into a ladle. A sandwich vermicularizing method, including
0.36 wt% FeSiMgRE and 0.39 wt% FeSiBa, was employed. The vermicularizer, FeSiMgRE,
mainly comprised 5.5 wt% Mg, 45.3 wt% Si, 5.9 wt% RE (RE: Ce ~65 wt%) and the remaining
balance of Fe, with a particle size ranging from 4 mm to 10 mm. The inoculant, FeSiBa,
consisted of 72.6 wt% Si, 1.2 wt% Ca, 2.3 wt% Ba and the remaining balance of Fe, with a
particle size ranging from 0.7 mm to 3 mm. The chemical compositions of brake discs are
listed in Table 1. Carbon equivalent (CE) was calculated by C% + 1/3(Si% + P%). Three
brake disc castings were poured at about 1420 ◦C for each composition.



Metals 2024, 14, 332 3 of 12

Table 1. Chemical composition of CGI brake discs (wt%).

Disc C Si Mn P S Mo Cu Sn CE

HC1 3.63 2.39 0.45 0.044 0.027 0.35 0.60 0.044 4.44
HC2 3.59 2.42 0.45 0.043 0.022 0.45 0.59 0.025 4.41

2.2. Microstructure Characterization

For each composition, one disc was cut to prepare samples for observation and
measurement. The graphite content and vermicularity were estimated according to
ISO 16112:2017 [21] using quantitative metallography with the software ImageJ Pro (Ver-
sion 6.0). Metallographic samples were etched using 4% nital for 8 s to reveal the matrix
characteristics. The proportion of a phase (graphite, ferrite and pearlite) was simply deter-
mined by the proportion of the area occupied by the phase on the metallographic specimen.
To assess the impact of alloying additions, the microhardness of the ferrite was measured
using an automatic Qness Q60+ microhardness tester (QTAM, Salzburg, Austria) with a
500 g load applied for 10 s. The measurements of microhardness were conducted on the
etched specimens, with values recorded under the condition that no graphite and pearlite
were present in the indentation. All microstructural characteristics represent average values
obtained from eight fields.

2.3. Mechanical and Physical Properties

Tensile tests were conducted via a universal testing machine, using test bars with a
gauge diameter of 5 mm and a gauge length of 30 mm. A tensile speed of 0.05 mm/s was
used for each test. Brinell hardness was measured using an HB-3000 hardness tester. Dish
samples with a diameter of 12.5 mm and a thickness of 2.5 mm were used to measure
thermal diffusivity α(T) and heat capacity cp(T) from 25 ◦C to 500 ◦C by a NETZSCH
LFA 457 laser flash instrument (NETZSCH GABO instruments GmbH, Ahlden, Sachsen,
Germany). Three tests were conducted for each composition, and the average value was
calculated. The linear thermal expansion coefficient µ was determined by a Hengjiu HPY-1
thermal dilatometer at a heating rate of 10 ◦C/min from 25 ◦C to 500 ◦C. The density ρ0
at room temperature was determined by the Archimedes principle, and the density ρ(T)
at an elevated temperature was calculated using Equation (1). Subsequently, the thermal
conductivity at an elevated temperature λ(T) of the CGI was obtained by Equation (2).

ρ(T) =
ρ0

(1 + µ× (T − room temperature))3 (1)

λ(T) = α(T)ρ (T)cp(T) (2)

2.4. Inertia Friction Tests

For each composition, one disc was machined to the dimensions illustrated in Figure 1.
The performance of the CGI disc was evaluated using a LINK 3000 inertia friction test bench
(LINK Engineering, Dearborn, MI, USA). Test parameters and high-deceleration procedures
were designed in accordance with the ECE R90 r3 regulation annex 11 [22], as detailed
in Table 2. Each braking application represents one braking cycle, wherein the rotational
speed of the brake disc decreases from the initial speed to the final speed at a specified
deceleration rate. Initially, both discs were burnished based on the bedding-in procedure to
ensure consistent conditions for subsequent testing. This procedure facilitates the elevation
of the rubbing surface temperature of the brake pad, thereby generating a transfer film
layer composed of friction material that is subsequently applied onto the disc surface. The
discs were then subjected to the high-deceleration procedure. In each braking application,
the peak temperature was measured using a K-type rubbing thermocouple. The minimum,
mean and maximum values of the input pressure and friction coefficient were recorded.
The test configuration is depicted in Figure 2. Modalis® uniform commercial brake pads,
composed of resin, fibers and a wear-resistant alloy, were utilized for all tests.
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Figure 1. Brief dimensions of the CGI disc used in this work.

Table 2. Parameters and procedures of inertia friction test.

Item Details

Test parameters

Test type: front axle brake disc
Test mass: 812.35 kg
Tire rolling radius: 316 mm
Rotary inertia: 81.1 kg·m2

Piston diameter: 60 mm
Piston number: 1
Effective radius: 134.75 mm

Bedding in procedure

A total of 100 brake applications were used. In each braking
application, the disc was braked from 60 km·h−1 to 30 km·h−1. The
deceleration alternated between 1 m·s−2 and 2 m·s−2. The disc’s initial
temperature started at room temperature. After 30 applications, the
initial temperature of the disc was set to not exceed 300 ◦C, achieved by
applying cooling air at 28 ◦C. The speed of the cooling air was
maintained at 19.3 km·h−1.

High-deceleration test
procedure

A total of 70 braking applications were applied. In each application, the
disc was braked from 180 km·h−1 to 10 km·h−1 with a deceleration of
10 m·s−2. Before each application, the temperature of the disc was
cooled to 100 ◦C by cooling air. The temperature and speed of the
cooling air were 28 ◦C and 49.9 km·h−1, respectively.
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After undergoing the inertia friction test, the discs were subsequently cut for detailed
observation. The worn surfaces and cross-sections were examined using both an optical
microscope and a JEOL field-emission scanning electron microscope (SEM) equipped
(JEOL Ltd., Tokyo, Japan) with energy-dispersive X-ray spectroscopy (EDS) (Thermo Fisher
Scientific, Waltham, MA, USA). Furthermore, the microscopic 3D profiles of the worn
surfaces were measured employing a ZYGO optical 3D profilometer (Zygo Corporation,
Middlefield, CT, USA).

3. Results and Discussion
3.1. Microstructure and Properties

The microstructure of the two CGI discs is shown in Figure 3. The corresponding
structural characteristics are listed in Table 3. The proportion of ferrite was determined
as the ratio of ferrite to pearlite, approximated using quantitative metallography with
ImageJ Pro software. The ratio of pearlite was assumed to be the proportion of black area
in the metallographic images of the etched specimens minus the proportion of graphite
measured from unetched specimens. The HC1 and HC2 discs consisted of similar graphite
proportions and vermicularity due to comparable carbon equivalents and vermicularizing
methods. However, differences arose in the proportion and microhardness of the ferrite.
HC2 exhibited a larger ferrite proportion compared to that of HC1, as expected due to Sn
addition, which strongly promoted pearlite formation [23]. Despite a higher Mo content,
the microhardness of ferrite in HC2 was lower than that of HC1, indicating that Sn addition
can also reinforce the iron matrix [24,25].
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Table 3. Microstructure characteristics and properties of CGI brake discs.

Item HC1 HC2

Graphite percentage (%) 12.4 ± 0.3 12.0 ± 0.5
Ferrite proportion (%) 49.4 ± 3.6 80.1 ± 4.8

Vermicularity (%) 83.1 ± 4.2 84.4 ± 3.7

Tensile strength (MPa) 442 ± 11 348 ± 14
Brinell hardness (HBW) 228 ± 9 174 ± 6

Microhardness of ferrite (HV) 192.9 ± 14.3 174.4 ± 16.1

Table 3 summarizes the tensile strength and macrohardness of CGI discs. HC1 showed
higher mechanical properties than those of HC2, attributed to the distinct microstructure
mentioned earlier. The HC1 brake disc possessed a higher tensile strength compared to that
of the HC2 brake disc, suggesting that it may have superior resistance to thermal cracking
under equivalent thermomechanical stresses [9]. Moreover, the higher macrohardness and
ferrite microhardness in the HC1 brake disc implied better wear resistance under the same
temperature [11]. However, the resistance to thermal fatigue cracks and the wear capac-
ity of the brake disc were also associated with its braking temperature and temperature
amplitude during thermal cycles [19]. As shown in Figure 4, a larger ferrite proportion
led to higher thermal conductivity in HC2 compared to HC1. The matrix type had no
significant influence on the thermal expansion coefficient. The average thermal expan-
sion coefficients of HC1 and HC2 from room temperature to 500 ◦C were 14.4 · 10−6 K−1

and 14.1 · 10−6 K−1, respectively. These differences in the thermal and mechanical proper-
ties were also indeed expected, considering the contradictory effects associated with the
proportion and strength of ferrite [14–17].
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3.2. Peak Temperature and Input Pressure

In the high-deceleration test, kinetic potential energy was transformed into heat at the
interface between the brake disc and pads. The majority of this heat was absorbed by the
disc, leading to an elevation and nonuniform distribution of its temperature. The input
pressure between the disc and pads could be adjusted according to the friction force to
maintain a fixed deceleration. Cyclic variations in temperature and input pressure result in
repeated thermomechanical stress on the surface of the brake disc.

In Figure 5a, the measured peak temperature during brake applications is depicted. It
can be observed that the peak temperatures of the two discs gradually increased with the
increase in braking applications, even though the initial temperature of each application
was the same. This indicates that, despite cooling the surface temperature of the brake disc
to 100 ◦C, the heat inside the disc was not dissipated but continued to accumulate during
the brake applications. Moreover, it is evident that the peak temperature of HC2 was lower
than that of HC1 under the same braking procedure. This difference can be attributed
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to the higher thermal conduction of HC2, indicating less generated heat and faster heat
dissipation. This result implies that the HC2 disc exhibited lower thermal expansion and
thermal stress.
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As illustrated in Figure 5b, the mean input pressures of both discs exhibited an initial
increase followed by a subsequent decrease with the progress of the braking tests. This
can be explained by the contradictory effects of disc temperature. In the initial stage of the
braking procedure, the increased disc temperature reduced the mechanical properties of
the disc and pads, leading to a fade in frictional force. As the temperature continued to rise,
the disc and pads underwent greater thermal expansion, causing them to bind more tightly,
thereby increasing frictional force and reducing input pressure. Moreover, it can also be
found that the HC1 disc required more external pressure than that of the HC2 disc after
10 applications despite a higher peak temperature. This implies that the HC2 disc provided
a larger friction force despite the lesser thermal expansion.

3.3. Friction Coefficient and Its Stability

The friction coefficient is a critical indicator for evaluating the performance of braking
systems. It is a complex variable influenced by factors such as temperature, pressure,
velocity, surface condition and surrounding medium. In the inertia friction test, the friction
coefficient was estimated by the ratio of the output torque to the input torque according to
the ECE R90 r3 regulation [22].

The mean friction coefficients between the two discs and their pads are summarized
in Figure 6a. It is evident that both the mean friction coefficients of the HC1 and HC2 pairs
(disc–pads) initially decreased and then increased after 20 applications. Like the patterns of
the mean input pressure, this finding can also be explained by the contradictory effects of
disc temperature, as mentioned above. Moreover, the mean friction coefficient of the HC2
pair was higher than that of the HC1 pair after 10 applications. This is consistent with the
pattern of mean input pressure. In other words, the higher ferrite content in HC2 resulted
in a higher thermal conductivity. This led to a lower peak temperature during braking
applications, as shown in Figure 5a, and a lower fade in the friction coefficient compared to
that of HC1. This also explains the curves observed in Figure 5b, where the input pressure
for HC2 was lower.

The friction coefficient stability was defined by the ratio of the mean friction coefficient
and maximum friction coefficient. The results shown in Figure 6b indicate that the HC2 disc
provided a more stable friction coefficient. Although it is not considered critical, friction
fluctuation serves as an additional characterization parameter for assessing the stability
of friction. Friction fluctuation can be defined as the difference between the maximum
and minimum coefficients of friction. For each brake application, the friction fluctuations
are detailed in Figure 6c. From the data, it is evident that the friction fluctuation of the
HC2 brake disc was mainly within the range of 0.080 to 0.103, in contrast to the HC1 brake
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disc, for which the vast majority of friction fluctuations fell within the range of 0.105 to
0.115. This significant difference indicates that the HC2 brake disc exhibits a smaller friction
fluctuation compared to that of the HC1 brake disc. This demonstrates that, under the same
braking speed and deceleration conditions, the HC2 brake disc achieves a smaller variation
in its friction coefficient, aligning with the findings presented in Figure 6b. This may benefit
from the higher thermal conductivity and thus lower disc temperature, leading to stable
properties of the disc and pads. This implies that the HC2 brake disc, with a higher ferrite
content, exhibits a better friction coefficient and better friction coefficient stability.
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3.4. Thermal Cracks and Wear

The optical micrographs of the worn surfaces are shown in Figure 7. Nonuniform
reticular cracks were observed on the HC1 disc, and several long cracks appeared on
the HC2 disc. Moreover, the cracks on the surface of HC1 appeared shorter and denser,
whereas those on the HC2 surface were longer and sparser. To calculate the density of the
cracks, a grid with four horizontal lines was overlaid onto the micrograph of the worn
surface. The points where the grid intersected with the cracks were counted. The density
of cracks was then characterized as the number of intersecting points per millimeter of
length. The average crack densities of HC1 and HC2 were 5.6 per millimeter and 2.7 per
millimeter, respectively. This difference is consistent with the above analysis. Higher disc
temperatures and pressure loads increased the thermomechanical stress and aggravated
the thermal cracking of the HC1 disc. This indicates that, although the high ferrite content
in HC2 reduced the strength of the matrix and its crack resistance, it increased the thermal
conductivity of the CGI brake disc, thus achieving lower thermal stress and a lower density
of thermal cracks.
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Figure 7. Optical micrographs showing thermal cracks on the worn surface of (a) HC1 and (b) HC2.

The SEM images of the worn surfaces are shown in Figure 8. Similar to the optical
observations, the thermal cracks on HC1 appeared short and dense, whereas longer and
sparser thermal cracks were found on HC2. Moreover, almost all cracks on HC1 were
surrounded by a gray oxidized matrix. However, no obvious oxidized matrix was found
around the cracks on HC2. Similar regulation could be observed on the SEM images of
the cross-sections of the two discs, as shown in Figure 9. In the cross-section of HC1, a
conspicuous distribution of an oxidized matrix was observed surrounding the vermicular
graphite exposed on the worn surface. A lesser oxidized matrix was found in the cross-
section of HC2. This indicated a lesser extent of oxidation in the matrix of HC2. Previous
studies have indicated that localized oxidation can cause embrittlement and change the
propagation path of cracks, promoting crack initiation and branching [26–28]. The increased
oxidized matrix in HC1 resulted in shorter and denser thermal fatigue cracks than those
in HC2. The probable cause for this difference may be attributed to the lower ferrite
content in HC1, which decreased its thermal conductivity and consequently raised the
disc temperature to 250 ◦C–290 ◦C. The decomposition of organic compounds in the brake
pads could be accelerated at 230 ◦C–450 ◦C [29], thereby promoting the oxidation of the
iron matrix. The oxidization paths could be observed both in HC1 and HC2. This could
promote the propagation of thermal cracks between different graphite particles [30,31].
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Figure 9. SEM images showing thermal cracks on the cross-section of (a) HC1 and (b) HC2.

Despite having different macrohardnesses, the wear of the two discs was similar.
The average weight losses per brake application of HC1 and HC2 were 0.23 g and 0.26 g,
respectively. However, there were clear distinctions in the profile of the worn surface.
Typical 3D profiles of CGI discs are shown in Figure 10. Furrow wear [32] could be
observed on both discs, but it could be seen that the furrows of HC1 were slightly narrower
and shorter than those of HC2. Moreover, more “island-peaks” on the top of the furrows
in HC1 were observed. These findings imply that fatigue wear occurred in the brake test
of HC1, resulting from the larger amplitude of the repeated temperature variations. The
difference in furrow height may have been caused by the different microhardness of the
matrix. Due to the different contents of Mo and Sn elements, the ferrite proportion in the
HC2 matrix was 30.7% higher than that in HC1, and the microhardness of ferrite in the
HC2 matrix was slightly lower than that in HC1 (about 18.5 HV). Therefore, more and
softer ferrite in HC2 led to deeper furrows. This increased the contact area between the
HC2 brake disc and its brake pads, thereby providing a larger and more stable friction force.
However, this may have reduced the wear resistance of the HC2 brake disc. Additionally,
the increased ferrite proportion in HC2 improved the thermal conductivity of the brake
disc, thereby reducing its disc temperature. This contributed to improving the mechanical
properties of the brake disc and its pads, thereby reducing the fade of the frictional force.
Moreover, the lower disc temperature also contributed to improving the wear resistance of
the HC2 brake disc [5]. This may have offset the adverse effects of lower hardness, thereby
enabling HC2 to exhibit similar wear resistance to that of HC1.

Metals 2024, 14, x FOR PEER REVIEW 11 of 12 
 

 

reducing the fade of the frictional force. Moreover, the lower disc temperature also 
contributed to improving the wear resistance of the HC2 brake disc [5]. This may have 
offset the adverse effects of lower hardness, thereby enabling HC2 to exhibit similar wear 
resistance to that of HC1. 

  
(a) (b) 

Figure 10. Worn surfaces of (a) HC1 and (b) HC2 in 3D. 

4. Conclusions 
The peak temperatures, pressure loads, friction coefficients and their stabilities, 

thermal crack morphologies and profiles of the worn surfaces of two kinds of CGI brake 
discs with different matrices were investigated under deceleration of 10 m·s−2. The main 
conclusions are summarized as follows: 
1. Due to the higher thermal conductivity of ferrite compared to pearlite, the increased 

ferrite proportion led to a decrease in the thermal stress of the CGI discs. The peak 
temperature of the HC1 disc with a 49.4% ferrite proportion ranged from 250 °C to 
290 °C, and the HC2 disc with an 80.1% ferrite proportion had a peak temperature 
range of 210 °C to 250 °C. 

2. The higher content of soft ferrite in the HC2 disc led to furrows with a larger height 
on the worn surface, which increased the contact area between the disc and pads. As 
a result, the HC2 disc–pads pair provided a higher friction coefficient and improved 
the stability in the friction coefficient despite having a lower peak temperature and 
smaller thermal expansion. Moreover, the higher friction coefficient in HC2 led to a 
decrease in the input pressure loads from pads under fixed deceleration. 

3. The increase in the ferrite proportion also reduced the oxidation of the matrix in the 
HC2 brake disc due to lower disc temperatures. The decreased oxidation of the 
matrix, along with lower thermal stresses and reduced pressure loads, resulted in 
fewer thermal cracks in the HC2 brake disc. 

Author Contributions: Conceptualization, G.W. and Z.X.; methodology, G.W.; data curation, Z.X.; 
writing—original draft preparation, Z.X.; writing—review and editing, G.W. and Y.L.; project 
administration, Y.L. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by the Science and Technology Innovation Development Project 
of Yantai (No. 2023ZDX016). 

Data Availability Statement: The original contributions presented in the study are included in the 
article, further inquiries can be directed to the corresponding author. 

Acknowledgments: The authors wish to acknowledge Zhongli Liu and Xiang Chen for their help 
in interpreting the significance of this work. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Elzayady, N.; Elsoeudy, R. Microstructure and wear mechanisms investigation on the brake pad. J. Mater. Res. Technol. 2021, 11, 

2314–2335. 
2. Aleksendrić, D.; Barton, D.C. Neural network prediction of disc brake performance. Tribol. Int. 2009, 42, 1074–1080. 

Figure 10. Worn surfaces of (a) HC1 and (b) HC2 in 3D.



Metals 2024, 14, 332 11 of 12

4. Conclusions

The peak temperatures, pressure loads, friction coefficients and their stabilities, ther-
mal crack morphologies and profiles of the worn surfaces of two kinds of CGI brake
discs with different matrices were investigated under deceleration of 10 m·s−2. The main
conclusions are summarized as follows:

1. Due to the higher thermal conductivity of ferrite compared to pearlite, the increased
ferrite proportion led to a decrease in the thermal stress of the CGI discs. The peak
temperature of the HC1 disc with a 49.4% ferrite proportion ranged from 250 ◦C to
290 ◦C, and the HC2 disc with an 80.1% ferrite proportion had a peak temperature
range of 210 ◦C to 250 ◦C.

2. The higher content of soft ferrite in the HC2 disc led to furrows with a larger height
on the worn surface, which increased the contact area between the disc and pads. As
a result, the HC2 disc–pads pair provided a higher friction coefficient and improved
the stability in the friction coefficient despite having a lower peak temperature and
smaller thermal expansion. Moreover, the higher friction coefficient in HC2 led to a
decrease in the input pressure loads from pads under fixed deceleration.

3. The increase in the ferrite proportion also reduced the oxidation of the matrix in
the HC2 brake disc due to lower disc temperatures. The decreased oxidation of the
matrix, along with lower thermal stresses and reduced pressure loads, resulted in
fewer thermal cracks in the HC2 brake disc.
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