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The aim of this paper is to consider the effect of contact localization on squeal.  A pin-on-disc system close to 
braking application is developed. A monitoring of the contact surface is carried out with thermal tracking of 
the friction body through thermocouples. An inverse method is developed allowing for contact localization 
from measured temperatures by thermocouples inside the pin and near the contact zone.  It gives the location 
and dimensions of contact zone. It is found that there is a change of squeal frequencies during tests and a 
strong dependency between the squeal frequencies and contact geometry at macroscopic/mesoscopic scale.  
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1. Introduction 

Brake squeal is a relevant issue for the automotive and 
rail industries. It results from self-excited vibrations of 
the brake system under sliding conditions, due to 
coupling of modes of the brake system with friction [1]. 
During braking application, the behavior of the friction 
interface can be modified due to multi-physical 
phenomena such as thermal effect [2], tribology [3], 
wear [4]. The aim of this paper is to investigate the 
correlation between contact localization and the 
occurrence of squeal frequencies.   

2. Methods 

Figure 1 shows the experimental set-up based on a pin-

on-disc configuration. It is made of a rigid stand on 
which a thin plate is attached to its extremities. The 
displacement along the axial disc direction pushes the 
pin against the disc. The sliding contact area is a 
20x20mm2 face. Material data can be found in [5]. 
 

 

Figure 1: FE model and thermocouples in the pin 

2.1. Contact localization by inverse method 

In order to localize contact zone, 8 thermocouples are 
inserted into the pin at 2 mm from contact interface. The 
problem is to find uniform distribution flux 𝐐 on a 
rectangular zone S with dimensions (a, b) and location 
(xo, yo) which minimizes the difference between 
measured and numerical temperatures:  
 𝐦𝐢𝐧𝐐>𝟎 (|𝐓𝐧𝐮𝐦 − 𝑻𝒎𝒆𝒔𝒖𝒓𝒆|)  𝒐𝒏 S(𝑥𝑜 , 𝑦𝑜, 𝑎, 𝑏) (1) 

Where   |∎| denotes the norm of vector ∎.  

2.2. Stability analysis  
Stability analysis of this pin-on-disc system is based on 
a linearization of the non-linear equations around the 
equilibrium.  A constrained non symmetric eigenvalues 
problem is then obtained. Complex modes are 
calculated and modes corresponding to eigenvalues with 

positive real part are unstable [5]. 

2.3.  Results  
Figure 2 shows contact localization for two tests. 
Identified contact zone for test 198 is more localized 
than that for test 180. Experimentally, squeal frequency 
is reported at 3700 Hz for test 180 and 2100 Hz for test 
198. Numerically, instabilities are obtained at the same 
frequencies for both tests friction coefficient 𝜇 = 0.6. 
For other tests, similar results are obtained.  

 

 

Figure 2: Contact localization (blue) for tests 180 and 
198. Positions of thermocouples in red. 

3. Discussion 

This paper exhibits a strong dependency between the 
squeal frequencies and contact geometry at macroscopic 
scale. Other results show complementary influence at 
mesoscopic scale on the occurrence of these squeal 
frequencies. 
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