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ABSTRACT 

Automobile brake squeal noise, which is a friction-induced vibration in the frequency range of 1 kHz 

to 20kHz, still remains a major problem for the automotive industry. This paper presents experimental 

investigations into the application of piezoelectric-based devices to suppress automobile brake squeal 

noises. Two techniques are employed, including dither control and shunt damping. Dither is a concept 

of active noise control by introducing high-frequency vibrations into a system to suppress lower-

frequency disturbances. Shunt damping is a passive technique which dissipates the vibration energy of 

the system with piezoelectric devices. Several experimental investigations are carried out to validate the 

performance of the proposed techniques. The results indicate that the proposed device could effectively 

suppress the brake squeal noise. 

 

1 INTRODUCTION 

 Disk brake squeal noise is an ongoing problem for the automotive industry [1]. In most cases, the 

brake noise has little effect on the performance of the brake system. However, this type of noise is 

perceived as annoying sound for customers and seriously affects the satisfaction ratings as well as 

warranty costs. For this reason, considerable efforts have been directed to the reduction of the disc brake 

noise. Among many types of brake noises, brake squeal noise, which is a friction-induced vibration in 

the frequency range of 1 kHz to 20 kHz, is considered to be the most sensitive noise to customers [2].  

In order to suppress the brake squeal, piezoelectric based noise reduction techniques have attracted 

many researcher because piezoelectric devices can be used in both active and passive ways. Dither 

control refers to the use of a high-frequency and low amplitude signal to change the characteristics of 

nonlinear system [3]. Dither has been employed to many applications such as optics, image processing, 

controls and communications to improve the performance [4]. In a brake system, dither reduces the 

unstable vibration by turning Coulumb-type friction into viscous-like damping [5-6]. The practical 

application of dither control for the brake system was first demonstrated by Cunefare et al. [7]. A 

piezoelectric stack was installed inside the caliper piston to reduce brake squeals. The results showed 

that the dithering with normal direction force in the frequency range of 7.5 kHz to 20 kHz could reduce 

the brake squeal. The suppression of brake squeal using dither control was also demonstrated by 

Pervozvanski [8]. Michaux et al. [9] compared the performances of normal force dither and friction 

force dither in terms of brake squeal reduction. It was found that the normal force dither was not as 

effective as the friction force dither due to control force limitation caused by braking pressure. Since 

squeal noise generally occurs in low-speed just before a complete stop, Teoh et al. [10] conducted 

experimental investigation on the friction transit from the kinetic to the static condition. The results 

showed that the torsional mode of the leading brake shoe was unstably excited in the normal direction 

during the squeal noise generation.  

Several active control techniques were also applied to reduce brake vibrations. The requirement of 

complex sensing devices and amplifiers, however, makes these techniques difficult to be adapted by the 

automobile industry. As an alternative approach, piezoelectric shunt damping was used to reduce the 

vibrations of mechanical structures as a passive control [11-13]. In order to optimize the damping effect, 

the design of the electrical shunt aims at maximizing the energy dissipation at the target frequency. 
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Forward [14] studied inductance-frequency networks for the damping effect on the vibration of optical 

systems. Hagood and Von Flotow [11] investigate the relationship between the performance and tuning 

of the LR-networks. Neubauer and Oleskiewicz [15] developed the efficient mechanical model of a 

brake with embedded piezoelectric transducers and discussed shunt control strategies. The validation 

was then conducted with the measurement on a brake test rig. Neubauer et al. [17] introduced two 

technical applications, a squealing disc brake and a bladed disc, using piezoelectric shunt damping. In 

their study, synchronized switch damping on inductor and negative capacitance were combined to 

maximize the damping of the target modes on the two structures. In both cases, it was possible to control 

the vibrations and squeals. 

This paper focused on the practical applications of piezoelectric based dithering and resonance shunt 

damping to a real brake system. An automobile, K7 (YG), is selected as a target system. A piezoelectric 

module was designed for both dither control and shunt damping. The module is installed inside a 

cylinder in the brake. For the experiment, both a built-in device (Pin-on-disc) and a brake dynamometer 

were built. Several experimental investigations were performed to demonstrate the noise suppression 

performance of dithering and resonance shunt damping. The details of this study are presented in 

following sections. 

 

2 SQUEAL NOISE SUPPRESSION USING DITEHR CONTROL 

2.1 Theory 

Dithering is injection of an external signal to a linear or nonlinear system to obtain several possible 

objectives. The dithering can be utilized to affect the dynamic behaviour of the system, to stop undesired 

chaotic behaviour or undesired limit cycle oscillations in the system, and/or to alleviate the resonance 

jump phenomenon in sliding mode control applications. 

 The dithering signal may be analogue or digital, and can have any statistical and spectral 

characteristics. It can be a random or a deterministic signal and can be correlated or uncorrelated to the 

input signal. Being a random signal, its value at each moment can be dependent or independent of its 

previous values in time. 

 

 

2.2 Proof of concept experiment 

2.2.1 Experimental procedure  

The pin-on-disk system used in the present study is shown in Figure 1. A pin of a bolt is welded to 

the end of the piezoelectric stack module. The disc is 17 inch brake disk of K7 (YG). The speed of the 

disc rotation was varied with a variable speed DC motor with a gear speed reducer connected. Squeal 

noise was generated by the pin in direct contact with the disk.  

The dither signal was introduced into the pin-on-disk system in the normal direction with a stack 

module. The stack module consists of a piezoelectric(PZT) stack, Pin and housing. The stack module 

has one end is welded in the mount which is fixed on a vibration isolation table and the other end is in 

contact with pin.  

 Figure 2 shows the sound pressure level (SPL) of squeal noise at the pin-on-disk system measured 

at a distance of 30 cm from the pin-on-disk during squealing. There are  three recorded peaks at 8 kHz, 

16 kHz and 24 kHz with sound pressure level of 97.5 dB, 81 dB and 54.1 dB, respectively..  

 

2.2.2 Squeal suppression experiments in the pin-on-disk system 

The applied dither frequency was set higher than the audible human range of 20 kHz. In the 

experiment, the disk rotates at the speed of 20 rpm when the pin is in direct contact with the disk.  

Figure 3 shows the measured SPL of the pin-on-disk system when the different dither signal 

frequencies are applied. As shown in Figure 3(a), the results show that the squeal amplitude has been 

reduce to 93.5 dB when the dither signal is set to 22.5 kHz (4 dB reduction). As depicted in Figure 3(b), 

The 23.5 kHz dither control signal also reduced the squeal noise to 49 dB and has shifted to a lower 

frequency of 7.8 kHz. Figure 3(c) is the result with the dither applied at 21.5 kHz. The squeal noise at 8 
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kHz is further suppressed to 35 dB but other noise generated at 10.7 kHz. The completed suppression 

of the brake squeal is noticed when the dither is applied at 20.5kHz. The squeal noise and its sidebands 

disappear completely, as shown in Figure 3(d).  

As shown, the performance of dither control is dependent on the selected dither frequency. The 

optimal selection of the frequency is important for effective squeal noise reduction.  

 
Figure 2: Squeal noise at the Pin-on-disk system 

  

  
Figure 3: Dither experiment result in the pin-on-disk system at different dither frequency:  

(a) 22.5kHz, (b) 23.5kHz, (c) 21.5kHz (d) 20.5kHz 

 

Figure 1: Proof-of-concept experiment setup. 
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2.3 Brake dynamometer 

2.3.1 Experimental procedure 

A brake dynamometer is built, as shown in Figure 4. The dynamometer system had the capability to 

maintain a fixed rotation speed of the rotor, as well as to control the brake line hydraulic pressure. 

Two applications were employed. The first application used the PZT stack module, shown in Figure 

5(a), as a dither control device. The dither control module was integrated into the piston caliper, as 

depicted in Figure 5(b). The module was positioned inside the piston with one end in contact with the 

inboard brake pad and the other end to the closed end of the caliper piston. In the second application, 

the location of the module is moved to a caliper carrier, as shown in Figure 5(c). During the experiment, 

the sound pressure level from the system was measured with a microphone. The microphone was 

positioned approximately 0.3 m apart from the front of the rotor.  

 

 

 

2.3.1 Squeal suppression experiments in the brake dynamometer 

The experiment was performed with the brake dynamometer. In the experiment, the disk was allowed 

to rotate at the sliding speed of 32 rpm when the brake operates.  

Figure 6 shows the measured SPL of the brake dynamometer when two application dither control is 

applied. Figure 6(a) shows the SPL of the squeal noise at the brake dynamometer. There is a recorded 

peaks at 4.6kHz with sound pressure level of 32dB. As shown in Figure 6(b), the results show that the 

squeal amplitude has been reduced to 24 dB (8 dB down) with the application of dither control at 19kHZ. 

Figure 6(c) shows the result with second application dither control applied to the brake dynamometer. 

As the result, the squeal was reduced by 8 dB by the dither control applied at 20 kHz. 

Figure 7 show the time-frequency response of the system. The dither signal was applied at 9-20 s. 

As can be seen, the 19kHz dither signal is effective in reducing the squeal noises. It should be noted that 

the applied dither control is higher than the audible ranges. 

. 

 

 
Figure 5: PZT stack module (a) module cross section (b) module inside caliper piston. 

(c) PZT stack put on the carrier 

 

  
Figure 4: Brake dynamometer . 
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Figure 6: (a)Squeal noise (b) First application result (c) second application result 

 

 
Figure 7: result of first application dither at time-frequency domain 

 
 

3 SQUEAL NOISE SUPPRESSION USING SHUNT DAMPING 

3.1 Experimental procedure 

The experimental setup is shown in Figure 8. The shunt damping is applied to the pin-on-disk system 

using a patch type PZT. We used the same experimental setup as the dither experiment. Figure 9(a) 

shows the SPL of the squeal noise at the pin-on-disk system measured. There are also three recorded 

peaks at 8kHz with sound pressure level of 45dB. The target frequency of the shunt was set at 8.5 kHz. 

 

 
Figure 8: The pin-on-disk system for shunt damping 

 

3.2 Squeal suppression experiments  

 

The experimental results are shown in figure 9. The shunt damping is originally on when the system 

generate the squeal noises. At 5 second, the shunt is set off, and it is clearly shown that the squeal noise 

increased by 5 dB as shown in figure 9(b). Our current effort focuses on i) the optimization of shunt 

parameters, and ii) the use of the same piezo-stack module for both dither control and shunt damping.  
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Figure 9: (a) squeal noise, result of shunt damping (a) frequency domain (c) time domain 

 

 4 CONCLUSIONS 

The paper presents the performance of piezoelectric-based devices for automobile squeal noise 

suppression. Two techniques are employed, including dither control and shunt damping. Dither is a 

concept of active noise control by introducing high-frequency vibrations into a system to suppress lower-

frequency disturbances. Shunt damping is a passive technique, which dissipates the systems’ vibration 

energy with piezoelectric devices. Several experimental investigation are performed to the built-in break 

systems. The results indicate that the proposed device could effectively suppress the brake squeal noise. 

It was found that the dither could reduce the squeal noise by 8 dB, while the shunt damping still requires 

further optimization to suppress the squeal noise. 
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