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ABSTRACT

Friction-induced vibration of disc brakes is a topic of major interest and concern for the automotive industry.
Customer complaints result in significant warranty costs yearly. In the present paper, a detailed experimental
study of the disc brake vibration is performed on a simplified brake dynamometer. The preliminary brake
dynamometer consists of three subsystems, namely driving unit, braking unit and measurement facilities. There
are approximately twenty seven vibration tests are conducted at various operating conditions such as different
brake-line pressure and disc speeds. It is observed that the peak value of the pad vibration amplitude emanates
from all tests are dominant at frequency of 4.4 kHz. It is also found that the vibration level decreases with the
increase of sliding speed. Moreover, it is observed that the vibration level decreases with the increases of

applied pressure.
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|. INTRODUCTION

Research into understanding brake noise and
vibration has been ongoing over the last 50 years.
Initially drum brakes were studied due to their
extensive use in early automotive brake systems.
However, disc brake systems have been common
place on passenger vehicles since the 1960s and are
used more extensively in modern vehicles. Discomfort
from the disc brake vibration is a major concern in the
developing of brake systems and friction materials.
The friction materials are required to provide a stable
friction coefficient, a low vibration and wear rate at
various operating conditions. Friction material must
also be compatible with the rotor material in order to
reduce its extensive wear, vibration, and noise during
braking. All of these requirements need to be achieved
at a reasonable cost and minimum environmental load
[1].

Although there are numerous publications
and a great deal of effort devoted to understanding
and correcting brake noise and vibration issue, there is
still not a high fidelity model of the brake noise and
vibration source. References [2-4] provide some
insight into the brake noise and vibration state-of-the-
art. Research on the brake noise and vibration has
been conducted using theoretical, experimental and
numerical approaches. The experimental method is
usually taken to be the most scientific of all methods.
Bxperimental approaches have been used to measure
the brake frequencies and vibration levels for the

system at different operation conditions to verify
possible solutions that can significantly reduce
vibration [5].

Experimental  approaches using  brake
dynamometers or on-road tests have been widely used
to examine the brake vibration, to investigate the
effects of different parameters and operating
conditions, to understand the characteristics of the
brake system during vibration event and to verify
possible solutions that can eliminate or reduce the
vibration occurrence. There are two designs for the
brake noise dynamometer. The first design is an
inertia-type brake dynamometer that has flywheel
attached to it [6,7]. The second design is a drag-type
brake dynamometer that can only test brake vibration
at a constant speed [8-12]. The advantage of brake
noise dynamometer is that it provided a means of tight
experimental control. Pad or rotor temperature, brake
pressure, brake torque, and their associated ramp rates
are all parameters that can be monitored precisely [13].

It has been recognized that friction and
vibration have a mutual influence [14-16]. Friction of
brake pads is found to be highly dependent on a
number of factors like pressure, temperature and
sliding velocity [17]. Friction generates vibration in
various forms, while vibration affects friction in turns.
A number of researchers have used the term
“feedback” in studies involving friction-vibration
relations. If one views the effect of frictional contact
on the structural behavior of a mechanical system as
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the first effect then it has been shown that the
vibration behavior of the mechanical system will in
turn effect the frictional contact; the system feedback
on friction [18].

The motivations of this paper are to
construct a laboratory drag-type brake dynamometer
and evaluate its performance. To conduct a series of
tests under different operation conditions of disc
speed, applied pressure and brake torque.
Furthermore, evaluation of the relation between
operation parameters and vibration amplitude which is
generated based on friction between the disc and the
brake pads.

I1. EXPERIMENTAL METHOD

The main objective of the current test rig
(simplified dynamometer) is to enable the measurement
of vibration of the brake system induced by friction
between disc and pads. A dynamometer is designed to
provide the necessary disc rotation speed and
reaction torque to the brake application. It can be
divided into three main groups: the driving unit, the
braking unit and the measurement facilities. Fig. 1
shows a photo of the test rig with its different units.
The driving unit consists of an a.c. motor of 14.9 KW
and 1500 rpm, that rotates the driving shaft at different
rotating speeds. This is achieved with the help of a
manual gearbox in first step of reduction speed and
four different pulleys in the second step. The main
goals of this subsystem to provide the adequate
rotational speed of the disc brake. The braking unit
comprises the front disc brake assembly of a
passenger car. It is composed of the brake ventilating
disc with its floating caliper. A hydraulic jack is used
to apply an adequate pressure. Approximately 20 bar
of hydraulic pressure is sufficient to produce the
maximum torque. The measurement facilities including
suitable instruments to measure the following:
Rotating speed (tachometer), Actuating pressure (a
pressure gauge), Caliper acceleration (accelerometer
and charge amplifier), temperature (infrared

thermometer) and tangential force (load cell).

I11. EXPERIMENTAL PROCEEDING

Vibration events are recorded at three vehicle
speeds 10.75, 17 and 20.8 kmvhr, set from the gearbox
reduction ratio and pulleys reduction and measured by
speed tachometer. Different brake pressure in the
range 2.5 to 20 bar is controlled manually by jack
screw and temperature is measured by infrared
thermometer between 50 °C to 70 °C through all
vibration tests. Four-channels data acquisition system
is used to monitor tangential braking force and output
data from the accelerometer located at the finger pad
through two channels. The signal from the
accelerometer is fed to the data acquisition signal
through a B&K charge amplifier. The acquired signals
are transferred to a computer in digital formfor storage
and further analysis.

1V. VIBRATION FREQUENCY ANALYSIS

The choice of the analysis domain plays an
important role in the successful outcome of the
analyses. In real applications, the measured voltage
signals of accelerometers are complex waveforms that
obtain time domain signals which gave a detailed of
understanding vibration pattern. Basically there are
two types of vibration pattern exhibit by a vibrational
structure either limit cycle or harmonic cycle. To easily
compare between vibration amplitudes at different
operation conditions, frequency domain signal is
preferred analysis. Hence, it must be converted from
the time domain to the frequency domain
mathematically using Laplace, Z-, or Fourier
transforms. Fourier analysis is the most common for
this application because it obtains the values of
vibration amplitude for each frequency in a signal.

In this study, a Fast Fourier Transform (FFT)
using MATLAB is produced for each data channel to
produce Power Spectrum Density (PSD) which useful
in estimation of the vibration frequency. The measured
vibration signal under no load operation shows no
(negligible) peak of vibration amplitude due to the
driving system. Therefore, the measured vibration
signals are due to the interaction between the disc and
the brake pads. Fig. 2(a) is one example of time domain
data obtained from test brake pad that recorded by
accelerometer where vibration harmonic cycle
occurred at applied pressure in the range 2.5-20 bar
and vehicle sliding speed 10.75, 17 and 20.8 kmvhr.
Fig. 2 (b) shows the Power Spectral Density of the
peak vibration as a function of applied pressure.

10

Fig. 2(a): Time Domain data of accelerometer
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Fig. 2(b): Frequency Domain data of FFT
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V. RESULTS AND DISCUSSION

In this study, twenty seven vibration tests
are conducted at various operating conditions (nine
different pressures and three sliding speeds). The
experiments are carried out using new disc brake

assembly. Vibration frequencies are captured through
accelerometer and analyzed using FFT. It is found that
that all the peaks in the vibration frequencies do not
shift with different operation conditions and are
dominated at 4.4 kHz as shown in Fig. 3(a-c). As stated
by Smyth and Rice in paper [19], that the vibration
dependence on sliding speed should not affect the
frequency content, but only increasing the overall
level of the vibration, which is verified for the current
study.

In Fig. 3(a-c), the vertical axis represents the vibration
amplitude PSD in (m/s%)?%Hz and horizontal axis for
frequency in Hz. It is observed that vibration
amplitude was not similar at every test. Therefore, all
the PSD data from each channel at every test were
analyzed individually as to define either the existing of
vibration event or not.
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Fig. 3(a) Effect of applied load on vibration at vehicle speed of 10.75kmvhr

Note: vertical axis represents the vibration amplitude PSD in (m/s?)*/Hz and horizontal axis for frequency in Hz.
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Fig. 3(b) Effect of applied load on vibration at vehicle speed of 17km/hr.
Note: vertical axis represents the vibration amplitude PSD in (m/s%)?/Hz and horizontal axis for frequency in Hz.

V1. INFLUENCE OF APPLIED LOAD VARIATIONS
A series of tests at different pressure levels
(2.5 to 20 bar) are carried out to investigate the effect
of applied pressure towards vibration of brake pads at
three different sliding speeds. From the results shown
above in Fig. 3, it can be seen that the maximum
vibration amplitude occurs at a frequency of
approximately 4.4 kHz. The data obtained from the
vibration amplitude are plotted against the applied
force as shown in Fig. 4(a-c) at three different speeds
10.75, 17 and 20.8 kmvhr respectively, it can be
observed that with an increase in the applied pressure

from 2.5 to 20 bar the vibration levels decreases. It can
be observed that at very low applied pressure, disc
and pads are barely touching and less friction
damping generation between them. In addition, as the
applied pressure starts to increase, the disc comes into
contact with the pads and the system damping starts
to increase (friction damping) due to compressibility of
friction materials of the pads and the systemrigidity is
decreased results in a reduction of the vibration
amplitudes as shown in Fig 4(a-c). This experimental
result seems to agree with the previous findings
presented in paper [20].
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Fig.3(c) Effect of applied load on vibration at vehicle speed of 20.8km/hr.
Note: vertical axis represents the vibration amplitude PSD in (m/s?)’/Hz and horizontal axis for frequency in Hz.

VIIl. EFFECT OF VEHICLE SPEED

To investigate the influence of the vehicle
speed, vibration measurements for three different
sliding speed 10.75, 17, and 20.8 knvhr, temperature
range 50-70 C° and different applied pressure range 2.5
to 20 bar are conducted. From the results shown in
Fig. 5, it can be seen that the increase of the sliding
speed decreases the vibration amplitude at different
values of applied pressure. It is opinion of the authors
that this behaviour is the reason why automotive
vibration frequently occurs at low velocity. This result
agree with the previous findings presented in
numerical paper by Baillet et al. [21] and experimental
research as reported in [22]. It has been found that
vibration amplitude decreases linearly with disk

velocity up to a maximum value and then stays
approximately constant when disk velocity increases.

Fig. 4(a) Effect of applied load on vibration at
10.75km/hr.
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IX. CONCLUSION

The experimental study of friction induced
and vibration is carried out for automotive disc brake
assembly of a passenger car using brake
dynamometer. The dynamometer is designed by the
author for the purpose of measurements of brake
vibration generated by friction. Various operating
conditions approximately twenty seven vibration tests
are applied to the disc brake assembly. It is concluded
that the peak value of the pad vibration amplitude
emanates from all tests are dominant at frequency of
4.4 KkHz. Moreover, the vibration amplitude is
dependent on the brake pressure and the vehicle
speed. It is also found that the vibration level
decreases with the increase of sliding speed.
Furthermore, it is shown that the vibration level
decreases with the increases of applied pressure.
Evidently, it is possible to investigate the effects of
friction-induced vibration in a vehicle using this
dynamometer.
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