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Abstract

Brake squeal is an undesirable high-frequency noise caused by vibrations induced by
friction in disc brake systems. The noise is strongly affected by temperature, as this
influences the material properties of the friction pair and the dynamic behaviour of the
brake components. This study investigates the effect of temperature changes on the squeal
characteristics of a disc brake system under different operating conditions. Experiments
are carried out using a laboratory-scale test setup comprising a rotating disc, pneumatically
actuated callipers, and precise measurement equipment. A series of test combinations is
performed by systematically varying three parameters: disc surface temperature (40, 55,
70, 85, 100 ◦C), brake pressure (4.0 bar), and disc rotational speed (50, 100, 150, 200 rpm).
Acceleration data are acquired using an accelerometer mounted directly on the calliper,
while sound pressure data are measured with a fixed-position microphone located 0.5 m
from the disc surface. The collected data are analyzed in the time and frequency domain to
identify squeal events and their dominant frequencies. The effect of temperature on brake
squeal noise and vibration varies with operating conditions, showing different patterns
at low and high disc speed at constant brake pressure. This highlights the importance of
considering both thermal and mechanical factors together when addressing brake squeal.

Keywords: disc brake squeal; disc-brake system; temperature effect; friction dynamics

1. Introduction
Comfort is considered an important performance criterion for vehicles. There are

several factors that affect vehicle comfort, one of which is the noise level. Noise in road
vehicles might occur due to different sources like the engine, tyre, exhaust, brake, drag,
etc. Brake noise is the most distinct one among these noise sources and it can appear in
different forms like a judder, groan, grunt, crunch, squeal, squeak, chirp etc. [1]. Brake
squeal is one of the most studied forms of brake noise as it occurs between the 1 and
16 KHz frequency bands and can be very irritating for humans. Essentially, brake squeal is
a dynamical instability problem caused by non-conservative friction forces. It may arise
due to several physical phenomena: (1) stick-slip, (2) sprag-slip, (3) self-excited vibrations,
(4) mode coupling or mode splitting, and (5) hammering [2–4]. Even though there is a great
deal of information about the brake squeal problem, a general solution that can fit all kinds
of brake systems has not been developed yet. Therefore, for each brake system, a specific
solution should be applied to suppress the brake squeal problem.
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The effect of temperature is important in the aspect of dynamic performance for
braking systems. It affects braking systems in multiple ways such as material properties,
contact mechanics, and the tendency of the system to generate effects like noise generation
and friction-induced vibrations. Many studies have been performed to investigate the
impact of thermal conditions on the behaviour of brake systems across various contexts.

Some of these studies are based on brake systems and brake squeal. Ahn et al. per-
formed a finite element analysis on the disc brakes of an urban railway considering the
effect of braking temperature [5]. The results showed that an increase in temperature could
cause an uneven contact surface between the brake disc and brake pad, which may lead to
brake squeal. The study proposed a reshaping method for brake pads in order to suppress
temperature-dependent brake squeal. Maciel conducted a parametric study on the braking
system of an off-road vehicle [6]. Their work showed that the rise in temperature increased
the possibility of brake squeal occurrence and made the structural modes unstable. They
concluded that thermal management in braking systems is essential. Gao et al. used a
coupled finite element model with a complex eigenvalue in order to examine the effect of
thermal sensitive contact stiffness on the generation of brake squeal [7]. They found that
the changes in stiffness due to temperature altered the modal coupling and increased the
tendency of noise occurrence within certain frequency ranges. Stevens and Tirovic showed
that poor heat dissipation in stationary discs causes increases in operational temperatures
and localized hot spots, which leads to a change in material properties like contact stiffness
and damping [8]. As a result, the tendency for brake squeal increases due to these thermally
induced variations in repeated braking events. Ouyang et al. performed a study focusing
on transient analysis and thermal effects, including frictional heat flux and changes in the
contact pressure [9]. Their findings indicate that the vibration levels are lower when the
effects of temperature are taken into account in the model. Shofiah et al. studied the impact
of temperature on the performance of braking systems by comparing the efficiency levels
at four different temperatures [10]. They found that temperature has a significant impact
on the braking performance by showing that an increase in temperature from 30 ◦C to
200 ◦C causes a drop in efficiency level from 75% to 35%.

Some of the studies have been conducted by taking the effect of temperature on vibra-
tions as the main concern. Yu et al. focused on the vibrational behaviour of railway braking
systems at −20 ◦C. The results they obtained showed that the vibration characteristic and
wear behaviour of braking materials are strongly affected by the low temperature [11]. They
suggested that brake pads with triangular-shaped friction blocks provide a more stable
dynamic response and are more suitable for low-temperature operations. Wei et al. studied
the effect of temperature on the stiffness of the rail pads. According to their work, friction-
induced vibration profiles and friction responses both change significantly by temperature
changes within the temperature range of −20 ◦C to 40 ◦C [12]. Júnior et al. developed a
finite element model with complex eigenvalue analysis in order to inspect the effects of
the friction coefficient, braking pressure, brake temperature, and wear on the dynamic
stability of a brake system [13]. The results of their work state that the temperature reduces
brake pad stiffness, altering the coupling mechanism between the rotor and pad, which
can be useful in some cases to mitigate the instabilities and generated noise. Studies imply
that temperature is a key factor in braking system performance. It influences material
stiffness, damping properties, and the contact mechanism, all of which contribute to brake
squeal and vibration instability. Effective thermal management and modelling are crucial
for mitigating these problems. Nakae et al. investigated the generation mechanisms of
brake squeal and chatter on a mountain bike disc brake [14]. Based on their results, squeal
and chatter frequencies do not depend on temperature; however, enough of an increase
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in temperature can cause a superimposition of in-plane and out-of-plane vibrations of the
disc, which leads to very strong vibration.

In this study, the effect of disc surface temperature on brake squeal behaviour is inves-
tigated through a detailed experimental approach. The analysis focuses on how thermal
variations influence both vibration and noise characteristics under different rotational
speeds, while keeping the brake pressure constant. Unlike many previous studies that
rely heavily on numerical simulations or limited test conditions, this work offers a broader
and more systematic experimental investigation. The test setup allows precise control and
measurement of key parameters affecting squeal, supported by synchronized vibration
and acoustic data. The main contribution of the study is to reveal the speed-dependent
and nonlinear nature of thermal effects on brake dynamics. The findings are expected to
support future efforts in brake system design and thermal management.

2. Materials and Methods
2.1. Disc Brake Test Rig Configuration

All experiments in this study are carried out on a custom-designed disc brake test
rig (Figure 1) developed to reproduce dynamic conditions representative of brake squeal
behaviour in automotive applications. The experimental investigation focuses on three key
operational parameters that influence brake squeal behaviour: disc rotational speed (ω),
brake pressure (Pb), and disc temperature (Td). While the test rig allows for independent
control of all three parameters, the study particularly examines how temperature variations
under different speed and pressure conditions affect squeal generation. The test configu-
ration, shown in Figure 1, was carefully designed to enable this parametric investigation
while maintaining measurement accuracy.

 

Figure 1. Experimental test rig for brake squeal investigation.
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The experimental setup is designed to investigate brake squeal phenomena in disc
brake systems under controlled conditions. As illustrated in Figure 1, the system consists
of an electric motor (rated power: 11 kW, torque: 145.9 Nm, nominal speed: 720 RPM)
driven by a frequency converter to simulate varying rotational speeds of a vehicle wheel.
The motor’s output shaft is connected via a coupling to an axle, which rotates the brake
disc. The braking force is applied pneumatically: compressed air from a 10 bar reservoir is
regulated by a manual pressure control valve and directed to a pneumatic cylinder. This
cylinder actuates the master brake cylinder, which engages the calliper and brake pads
against the disc.

To minimize ambient acoustic and thermal interferences and to ensure high repeatabil-
ity, all experiments were conducted in a semi-anechoic chamber equipped with thermal
regulation. The controlled environment allowed for accurate acoustic noise measurements
and ensured that the friction-induced thermal behaviour of the brake components remained
uninfluenced by external factors.

2.2. Sensor Placement, Data Acquisition, and Testing Procedure

To capture the physical phenomena associated with brake squeal, the test rig is in-
strumented with multiple sensors strategically placed around critical components. The
experimental setup is instrumented with sensors to monitor both the vibrational response
of the system and the acoustic emissions. A triaxial accelerometer, with a sensitivity of
10 mV/g (±10%) and a measurement range of ±500 g (≈±4905 m/s2), is mounted on the
brake calliper to obtain acceleration data in the tangential (

..
x), out-of-plane (

..
y), and normal

(
..
z) directions. The triaxial accelerometer’s measurement axes are strategically aligned

to capture the brake system’s complete vibrational behaviour. The x-axis measures tan-
gential accelerations parallel to the disc’s rotational direction, primarily sensing stick-slip
vibrations generated during braking. Orthogonally, the y-axis detects normal vibrations
perpendicular to the disc surface, reflecting fluctuations in contact pressure between the
pad and disc. The z-axis completes the measurement system by recording out-of-plane
lateral vibrations, which typically originate from calliper bending modes or torsional reso-
nances. The device operates reliably across a frequency range of 0.4 to 10,000 Hz, allowing
accurate detection of both low-frequency system dynamics and high-frequency instabilities.
Acoustic emissions are recorded using a condenser microphone with a dynamic range
of 14.6–144 dB SPL, frequency response between 6.3 and 20,000 Hz, and a sensitivity of
50 mV/Pa. The microphone is placed approximately 50 cm away from the disc-brake
system, supported by a three-legged frame to maintain a consistent orientation throughout
all tests.

The experimental setup incorporated synchronized measurements of three critical
parameters: rotational speed, disc temperature, and braking pressure. Disc speed was pre-
cisely controlled and monitored using a laser tachometer (1–100,000 RPM range) mounted
on a fixed tripod to maintain consistent optical alignment with the rotating disc surface. The
tachometer’s encoder output was time-synchronized with the braking signal via the data
acquisition system, enabling precise correlation between rotational dynamics (e.g., speed
decay during braking) and squeal onset timing. Simultaneously, disc surface temperature
was tracked using a non-contact infrared thermometer focused on a designated measure-
ment point 30 cm from the disc surface, ensuring localized thermal monitoring (−50 to
+500 ◦C range, ±1.5 ◦C accuracy). This configuration accounted for convective cooling ef-
fects while maintaining repeatable positioning across multiple braking cycles. Throughout
the experimental trials, the disc surface temperature was continuously monitored from
initial brake engagement to complete system cooldown. Hydraulic pressure in the braking
circuit was measured downstream of the pneumatic actuator using a piezoresistive pressure
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transducer (0–14 bar range, 0.5–4.7 V output), providing real-time feedback on the applied
normal force.

The experimental data is acquired using a DEWE-43A 24-bit Sigma-Delta ADC sys-
tem with 8 synchronized analogue channels sampling at 200 kS/s. The system precisely
captured time-aligned measurements from all sensors: triaxial accelerometer (vibration),
microphone (acoustics), infrared thermometer (temperature), pressure transducer (hy-
draulic pressure), and laser tachometer (rotational speed). Integrated signal conditioning
supported direct sensor connections while eliminating noise, and the DewesoftX software
2025.3 enabled real-time monitoring and synchronized data analysis of all parameters
critical for brake squeal investigation.

Data acquisition is performed at a 20 kHz sampling rate, over 10 s per test, recording
acceleration, sound pressure, rotational speed, temperature, and brake pressure. To ensure
signal fidelity, anti-aliasing filters are applied and spectral leakage is mitigated using a
Hanning window. Analyses are performed in the time and frequency domains. The use of
the Fast Fourier Transform (FFT) enables the identification of vibration modes and super
harmonics, while time–frequency representations provided insights into transient phenom-
ena and parameter-dependent instabilities. Signal processing routines are performed using
MATLAB software (MATLAB_R2024b). The raw acceleration signals are first filtered using
a 4th-order Butterworth bandpass filter (10 Hz to 10 kHz) to remove low-frequency drift
and suppress high-frequency noise. The FFT is then applied to each acceleration axis to
construct the vibration spectrum, allowing the identification of characteristic modes and
harmonic structure in the system response.

Testing is conducted under steady-state conditions after all system variables (disc
rotational speed, brake pressure, and disc temperature) reach the desired levels. A total
of 20 braking events are carried out under various operating conditions: brake pres-
sure of 4 bar; disc speed of 50, 100, 150, and 200 rpm; and surface temperature of
40, 55, 70, 85, and 100 ◦C. The measured temperature values represent the disc surface
temperatures at brake initiation. During braking events, temperature increases are observed
across all test conditions, with a maximum recorded temperature rise of 13% relative to
initial values. Before each test sequence, background noise is recorded under identical disc
speed but without braking engagement to characterize non-squeal acoustic contributions.

3. Results
This section presents and interprets the experimental results obtained from the disc

brake test rig under controlled variations in disc surface temperature and rotational speed,
while maintaining constant brake pressure. The analysis focuses on two primary response
quantities: vibration signals measured via triaxial acceleration and acoustic emissions
characterized by sound pressure levels. The goal is to reveal how thermal conditions
influence the onset and severity of brake squeal and associated vibrational behaviours
across different operating scenarios. By systematically evaluating both time-domain signals
and statistical measures such as RMS acceleration and SPL, the findings aim to establish
correlations between squeal characteristics and thermo-mechanical parameters.

Figures 2–5 display the time-domain tri-axial acceleration signals (Figures 2a, 3a, 4a
and 5a) and corresponding sound pressure responses (Figures 2b, 3b, 4b and 5b) recorded
during braking events at four rotational speeds (50, 100, 150, and 200 rpm) under constant
brake pressure (4.0 bar) and varying disc surface temperatures. At 50 rpm (Figure 2), all
three acceleration components (x, y, z) exhibit relatively low amplitude, and the sound
pressure signal remains smooth with minimal fluctuation across the tested temperature
range. This indicates that at low rotational speed, temperature has a limited impact on
dynamic instability and squeal generation. However, at 100 rpm (Figure 3), distinct bursts
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appear in the acceleration signals, particularly in the y and z directions, with correspond-
ing intermittent peaks in the sound pressure trace. These disturbances become more
pronounced at lower temperatures (e.g., 40–55 ◦C), suggesting that the system is more
prone to squeal under cooler disc conditions where the friction coefficient and contact
stiffness tend to be higher. At 150 rpm (Figure 4), sustained oscillations with higher
amplitudes are observed in all directions, and the acoustic signal reveals sharp periodic
peaks, especially around mid-temperature levels (notably 55 ◦C), indicating the activa-
tion of unstable vibration modes strongly coupled with friction-induced excitation. This
highlights a critical speed–temperature interaction that promotes squeal generation. At
200 rpm (Figure 5), although acceleration signals remain elevated, the sound pressure wave-
form becomes more irregular and less periodic, implying a shift in squeal characteristics.
At higher temperatures (e.g., 85–100 ◦C), both vibration and noise amplitudes decrease
slightly, possibly due to thermal softening effects, reduced frictional stiffness, or changes
in pad–disc contact behaviour. Overall, the results demonstrate that squeal events are not
solely speed-dependent but are significantly modulated by disc temperature, with specific
combinations of speed and thermal state leading to the amplification or suppression of
friction-induced instabilities.

 

(a) (b) 

Figure 2. Time-domain signals measured during braking event under Pb = 4 bar and ω = 50 rpm
operational conditions: (a) tri-axial acceleration responses (x, y, z) recorded by the accelerometer
mounted on the brake calliper; (b) sound pressure signal captured by a microphone placed 50 cm
away from the brake disc.

Figure 6 shows that disc temperature has a significant yet speed-dependent impact on
vibration levels. At 50 rpm, RMS acceleration values remain low across all temperatures,
indicating stable dynamics. At 100 rpm, vibration amplitudes peak at lower temperatures
(around 40 ◦C), suggesting that cooler conditions increase the likelihood of squeal. The
most critical behaviour is observed at 150 rpm, where a sharp rise in RMS values at 55 ◦C
reflects strong dynamic instability. At 200 rpm, vibration levels are moderately high but
tend to decrease with increasing temperature. Overall, the results highlight that squeal-
related vibrations are most pronounced at intermediate temperatures and speeds, where
frictional and modal interactions are most sensitive to thermal variations. The tabulated
RMS values (Tables 1–4) confirm that temperature effects are strongly speed-dependent.
At low speed (50 rpm), vibration levels remain low across all temperatures. At 100 and
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200 rpm, colder conditions (~40 ◦C) lead to higher amplitudes, particularly in the y-axis.
The most pronounced instability occurs at 150 rpm around 55 ◦C, where all axes show
sharp increases, indicating strong modal interactions.

(a) (b) 

Figure 3. Time-domain signals measured during braking event under Pb = 4 bar and ω = 100 rpm
operational conditions: (a) tri-axial acceleration responses (x, y, z) recorded by the accelerometer
mounted on the brake calliper; (b) sound pressure signal captured by a microphone placed 50 cm
away from the brake disc.

(a) (b) 

Figure 4. Time-domain signals measured during braking event under Pb = 4 bar and ω = 150 rpm
operational conditions: (a) tri-axial acceleration responses (x, y, z) recorded by the accelerometer
mounted on the brake calliper; (b) sound pressure signal captured by a microphone placed 50 cm
away from the brake disc.
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(a) (b) 

Figure 5. Time-domain signals measured during braking event under Pb = 4 bar and ω = 200 rpm
operational conditions: (a) tri-axial acceleration responses (x, y, z) recorded by the accelerometer
mounted on the brake calliper; (b) sound pressure signal captured by a microphone placed 50 cm
away from the brake disc.

Figure 6. Variation in RMS acceleration values in the x, y, and z directions at different disc surface
temperatures (40–100 ◦C) for 4 rotational speeds (50, 100, 150, and 200 rpm) under constant brake
pressure (4.0 bar).
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Table 1. Variation in RMS acceleration values in the x, y, and z directions at different disc surface
temperatures (40–100 ◦C) for a 50 rpm rotational speed under constant brake pressure (4.0 bar).

Temperatures Acceleration on
X-Axis [m/s2]

Acceleration on
Y-Axis [m/s2]

Acceleration on
Z-Axis [m/s2]

40 ◦C 1.454 1.06 0.6495
55 ◦C 0.6226 0.6343 0.7793
70 ◦C 0.8599 0.694 0.8431
85 ◦C 0.9335 0.6636 0.7727
100 ◦C 0.6437 0.8422 1.9571

Table 2. Variation in RMS acceleration values in the x, y, and z directions at different disc surface
temperatures (40–100 ◦C) for a 100 rpm rotational speed under constant brake pressure (4.0 bar).

Temperatures Acceleration on
X-Axis [m/s2]

Acceleration on
Y-Axis [m/s2]

Acceleration on
Z-Axis [m/s2]

40 ◦C 7.8501 28.5207 11.3676
55 ◦C 2.2228 4.2955 9.4921
70 ◦C 1.6137 1.8046 1.5136
85 ◦C 1.2356 1.3463 1.8994
100 ◦C 1.0463 1.1711 4.8074

Table 3. Variation in RMS acceleration values in the x, y, and z directions at different disc surface
temperatures (40–100 ◦C) for a 150 rpm rotational speed under constant brake pressure (4.0 bar).

Temperatures Acceleration on
X-Axis [m/s2]

Acceleration on
Y-Axis [m/s2]

Acceleration on
Z-Axis [m/s2]

40 ◦C 1.4555 2.2309 1.2858
55 ◦C 3.995 5.5443 9.3149
70 ◦C 0.7078 0.7074 1.3564
85 ◦C 1.1297 1.1528 1.892
100 ◦C 1.1535 1.1756 2.7146

Table 4. Variation in RMS acceleration values in the x, y, and z directions at different disc surface
temperatures (40–100 ◦C) for a 200 rpm rotational speed under constant brake pressure (4.0 bar).

Temperatures Acceleration on
X-Axis [m/s2]

Acceleration on
Y-Axis [m/s2]

Acceleration on
Z-Axis [m/s2]

40 ◦C 3.5877 11.5567 3.3639
55 ◦C 0.4901 0.5525 0.9505
70 ◦C 0.8528 0.8939 1.0553
85 ◦C 1.0654 1.1138 3.482
100 ◦C 0.8966 0.8892 2.4634

Figure 7 demonstrates that disc temperature significantly influences the sound pres-
sure levels associated with brake squeal. At 100 and 150 rpm, SPL peaks are observed
around 55 ◦C, indicating a critical thermal zone where squeal noise is most severe. At
low speed (50 rpm), SPL values remain relatively stable across all temperatures, showing
minimal sensitivity to thermal effects. In contrast, at 200 rpm, the highest SPL occurs at
40 ◦C and decreases with rising temperature, suggesting that thermal softening reduces
squeal intensity at high speeds. These results confirm that brake squeal is most prominent
within specific temperature ranges, particularly at mid-level temperatures where frictional
and structural interactions are dynamically amplified.
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Figure 7. Sound pressure level (SPL) measurements at varying disc surface temperatures (40–100 ◦C)
for four different disc rotational speeds (50, 100, 150, and 200 rpm) under a constant brake pressure
of 4.0 bar.

The corresponding numerical values for the SPL measurements are provided in
Tables 5–8 for clarity. These tables allow a more precise interpretation of the bar chart
data presented in Figure 7. At 50 rpm, SPLs vary only slightly with temperature, ranging
from approximately 61.3252 dB at 40 ◦C to 72.1484 dB at 100 ◦C, confirming the low thermal
sensitivity noted earlier. At 100 rpm, the peak value of 86.4993 dB is recorded at 55 ◦C,
which aligns with the critical temperature range identified for squeal occurrence. Similarly,
at 150 rpm, SPL reaches its maximum of 92.1427 dB at 55 ◦C, before decreasing at both
lower and higher temperatures. In contrast, at 200 rpm, the highest SPL of 94.0678 dB
occurs at 40 ◦C, followed by a progressive reduction as the temperature rises, supporting
the observation that thermal softening diminishes squeal intensity at higher speeds.

Table 5. Sound pressure level (SPL) measurements at varying disc surface temperatures (40–100 ◦C)
for 50 rpm disc rotational speeds under a constant brake pressure of 4.0 bar.

Temperatures Sound Pressure Level [dB]

40 ◦C 61.3252
55 ◦C 60.6152
70 ◦C 62.0859
85 ◦C 66.7073

100 ◦C 72.1484

Table 6. Sound pressure level (SPL) measurements at varying disc surface temperatures (40–100 ◦C)
for 100 rpm disc rotational speeds under a constant brake pressure of 4.0 bar.

Temperatures Sound Pressure Level [dB]

40 ◦C 84.9173
55 ◦C 86.4993
70 ◦C 73.8406
85 ◦C 67.8743

100 ◦C 86.5046
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Table 7. Sound pressure level (SPL) measurements at varying disc surface temperatures (40–100 ◦C)
for 150 rpm disc rotational speeds under a constant brake pressure of 4.0 bar.

Temperatures Sound Pressure Level [dB]

40 ◦C 66.8569
55 ◦C 92.1427
70 ◦C 65.3951
85 ◦C 70.3342

100 ◦C 71.7427

Table 8. Sound pressure level (SPL) measurements at varying disc surface temperatures (40–100 ◦C)
for 200 rpm disc rotational speeds under a constant brake pressure of 4.0 bar.

Temperatures Sound Pressure Level [dB]

40 ◦C 94.0678
55 ◦C 64.0604
70 ◦C 64.5659
85 ◦C 79.7795

100 ◦C 70.8344

4. Conclusions
In this study, the effect of disc surface temperature on brake squeal behaviour is

experimentally investigated using a laboratory-scale test rig equipped with a rotating disc,
pneumatically actuated callipers, and precise vibration and acoustic measurement systems.
A total of 40 braking tests are performed by systematically varying disc rotational speed
and surface temperature under constant brake pressure, and both acceleration and sound
pressure responses are recorded.

The experimental results clearly show that temperature is a critical factor influencing
the onset and severity of brake squeal. At low speed (50 rpm), temperature variations
have minimal impact on vibration and noise levels. However, at intermediate speeds
(100–150 rpm), specific temperature ranges—particularly around 40–55 ◦C—triggered sig-
nificant increases in RMS acceleration and SPL values, indicating strong dynamic instability
and high squeal tendency. At higher temperatures (85–100 ◦C), a general reduction in vi-
bration and noise amplitudes was observed, suggesting that thermal softening, reductions
in the dynamic friction coefficient, and changes in contact damping can suppress squeal.
These findings highlight the nonlinear and speed-dependent nature of temperature effects
on brake dynamics.

Future work may focus on extending the analysis to transient braking scenarios and
incorporating contact surface imaging or thermographic monitoring to better understand
localized thermal effects. Additionally, numerical modelling supported by experimental
validation can provide further insights into the coupled thermo-mechanical behaviour of
brake components under varying load and temperature conditions.
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