Journal of Applied and Computational Sciences in Mechanics, 38, 1, 2026. (1-14)

D

iy

Ferdowsi
University of

Mashhad

Journal of Applied and Computational
Sciences in Mechanics

Page Journal: mechanic-ferdowsi.um.ac.ir

Society of
Manufacturing
Engineering of

Iran

Experimental Study, Modeling and Identification of the Contact Interface Between the Disc

and Brake Pads with Thin layer element
Research Atrticle
Fahimeh Noohit, Amin Nikoobin?

d 10.22067/jacsm.2025.91143.1306

, Mohammad Reza Ashory?®

Abstract: The brake system is one of the main and important
components of a vehicle, and recognizing the contact area
between the disc and pads will help to better understand this
system and prevent abnormal sounds during braking. In this
paper, the goal is to investigate the contact area between the
disc and the pads using a thin layer element. First, an
experimental study and the finite element modeling of
different parts of the structure have been considered. In this
model, the contact area between the disc and the pads has
been modeled with thin layer elements. Then by using
experimental results, the contact parameters between the
disc and the pads have been identified and the equivalent
contact stiffness by increasing the braking pressure has been
considered. Investigations show that by increasing the
braking pressure, the contact stiffness has also increased and
the accuracy of the presented model for modeling the contact
area has been validated using experimental results. The
results show that the presented model for modeling the
contact area between the disc and the brake pads with a
small error compared to the real model is a suitable and
sufficiently accurate model and can be applied in various
dynamic analyses of the brake system.

Keywords: Brake disc, Contact stiffness, modal analysis,
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1- Introduction

Studies on mechanical joints have been conducted from
the past until now. In almost all mechanical structures,
there is at least one mechanical joint. Despite decades of
efforts to model the behavior of structures with joints, it
still remains one of the most challenging issues in
structural dynamics. Modeling and studying the behavior
of mechanical joints has attracted significant attention.
Different types of joints exist in mechanical structures,
such as welding, soldering, bolts, pins, and nuts. Among
mechanical joints, bolted joints are of high importance and
have been the subject of many studies on modeling and
understanding the contact area in joints. Researchers have

used a combination of linear and tortional springs and a
damper to simulate the effects of joint flexibility and have
refined the model by minimizing the differences between
model predictions and experimental measurement data
[1,2].

Furthermore, studies have also focused on structural
supports, which are a type of joint in mechanical structures
that provide a better understanding of the structure. For
example, researchers have examined and modeled the
stiffness of structural support in beam-like structures.
Additionally, researchers have looked into boundary
conditions of a plate supported by an elastic support,
proposing a new method for identifying parameters of a
constrained rectangular plate supported by an elastic
support [3]. The presence of defects such as cracks in
structures can also be considered as a type of joint in
structures. Researchers have studied cracks as joints in
structures and modeled them using linear and tortional
springs, providing a new approach to identify the position
and severity of cracks in structures [4].

Various joint modeling methods have been used in the
studies mentioned, including using generic elements and
sets of springs and dampers to model the joint interface.
Another modeling approach involves modeling the joint
interface using thin-layer elements, where the mechanical
properties of the layer represent the joint properties,
leading to a good understanding of the contact interface in
mechanical joints [5,6].

This article investigates the contact area between the
disc and pads in automotive disc brakes, considering the
thin layer element in the contact area. The aim is to study
and identify the material properties of this layer. The
material properties of the layer indicate the contact
parameters between the two connected structures. To do
this, first, the brake system is simulated, and then
experimental study of the brake system at three different
braking pressures is conducted. Subsequently, using the
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experimental results, an attempt is made to identify the
contact parameters of this model at all three pressures. The
results show that the presented model for the contact area
in this system has been successful and is capable of
modeling this contact well at different braking pressures.

2- Finite Element Modelling

Modeling of this structure has been done in ANSYS finite
element software. The purpose is to create an accurate
model of the brake system that can be used for various
dynamic analyses. The SOLID185 element is used for
modeling the brake disc. The material properties of the
brake disc are obtained by using experimental modal
analysis under free boundary conditions. Next, a
simplified model for the knuckle is considered, so that its
material properties are similar to the real model and can be
a good substitute in terms of inertia and mass. In the next
step, the connection between the disc and knuckle is
defined with linear springs in three directions. Boundary
conditions applied to the simplified model of knuckle are
similar to the real boundary conditions in the experimental
model.

After that, the modeling of the pads is addressed. The
pads are modeled using the SOLID185 element and
appropriate material properties. The positions of the pads
relative to the disc are designed so that there is a one-
millimeter gap between them. In this one-millimeter gap,
three-dimensional solid elements are modeled with
different material properties from the disc and pads, and
their values need to be identified.

For a more detailed examination of the contact area and
considering the possibility of asymmetric pressure
distribution in this part, the contact area between the disc
and pad is divided into three parts with three different
material properties defined for them. On the other hand,
this area is divided into three sectors, each modeled by the
elements with a different elastic modulus. This model has
been shown Figure 1. The contact between the thin layer
and the disc, as well as the pads, is defined as merging
nodes defined between nodes with identical location. Next,
by selecting the appropriate mesh size for different parts,
the structure is meshed and boundary conditions is applied
similar to experimental model. Then, by performing modal
analysis on the simulated model, the natural frequencies of
the structure are extracted.

Fig 1. Simulated model with pads and contact area in
ANSYS

3- Experimental Modal Test

Investigations and experimental studies have also been
conducted on the disc brake system of the vehicle. To this
end, various components of the brake system include brake
discs, pads, calipers, pistons, and pads are provided. To
apply braking pressure to this system, a hydraulic circuit is
prepared and by using brake oil in this circuit and
connection of the circuit to the caliper, this process takes
place. This circuit consists of a brake oil reservoir, a motor,
a three-way valve, an accumulator, a pressure gauge, and
a manifold. The brake system assembly and circuit
embedded in Figure 2 are shown. The structure is tested at
three different braking pressures. Initially, pressures of
6bar and then pressures of 9bar and 12bar are applied to
the pads, and each time a complete modal hammer test is
performed on the structure. By using measuring force and
acceleration signals, frequency response functions are
calculated. By analyzing these functions, the natural
frequencies of the structure are obtained.

Fig 2. The experimental model and related hydraulic circuit

4- System ldentification

To identify and update thin layer simulation model, the
optimization toolbox of MATLAB software has been used.
The identification process is carried out by using the
natural frequencies obtained from experimental modal
analysis as input to the problem. Initially, initial guesses
for unknown parameters are given, and by calling the finite
element model and solving it, the model natural
frequencies are compared with test results, and the error
between these two frequency vectors defines the objective
function of the optimization process.

This process is repeated as necessary until the objective
function reaches its minimum value. The updated natural
frequencies of the model are closely matched to the test
results, and the unknown parameters of the problem, i.e.,
the elastic modulus values in three sectors, are calculated.
This identification process is first performed with the
modal test results in the 6bar braking pressure. The same
process is repeated for the test results 9bar and 12bar, and
in each identification process, the elastic modulus values
represent the contact stiffness at each pressure. These
results are reported in Table 1 as the natural frequencies
obtained from testing and updated simulation model, along
with the error between them. Additionally, the identified
elastic modulus values in all three stages are presented in
Table 2.

The results in all three sectors show the trend of
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changes in the elastic modulus of the sector is ascending
with increasing pressure. This means that with increasing
braking pressure, the elastic modulus of the thin layer,
which represents the contact stiffness in the model,
increases. The reported error percentages in Table 1 also
indicate the accuracy of the model in providing dynamic
structural responses.

5- Conclusion

As the results show, by defining the contact area in three
sectors with different material properties, not only a more
accurate model than the real model was created, but also
the model allows for the examination of the distribution of
pressure in the contact area. With an increase in braking
pressure, the elastic modulus of all three sectors increased.
This means that the contact stiffness between the disc and
brake pads increased with increasing braking pressure,
confirming the accuracy and precision of the simulated
finite element model.

Table 1. Test and FE model natural frequencies and error
between them

6 bar Test FEM | Err (%)
W1 375.0 371.6 0.9
W5 851.2 854.4 0.38
W3 1086.0 1089.0 0.28
Wy 1298.0 1300.0 0.12
Ws 14740 | 1436.0 2.6
Ws 1848.0 1877.0 1.56

9 bar Test FEM | Err (%)
Wi 380.29 372.1 2.2
W» 863.56 868.7 0.59
Ws 1106.9 1118.0 0.97
Wy 1319.2 1321.0 0.16
Ws 1519.5 1447.0 4.8
Ws 1894.0 1883.0 0.56

12 bar Test FEM | Err (%)
Wi 382.51 372.6 2.02
W» 866.62 887.1 2.7
W3 1147.3 1153.0 0.49
Wy 1344.5 1339.0 0.41
Ws 1546.7 1462.0 3.8
Ws 1904.5 1892.0 0.65

Table 2. Identified values for unknown parameters for all
three working pressures

E; (Pa) E> (Pa) Es (Pa)
6 bar | 3.938x10° | 3.806x10% | 4.192x10°
9 bar 9.87x10° | 4.223x108 | 9.778x10°
12 bar | 1.682x10" | 4.899x108 | 1.776x10’

Therefore, it can be said that the thin layer element model
for modeling the contact area between the disc and brake
pads is an acceptable model that has been well validated
through experimental studies. With validated finite
element model presented in this article, many analyses can
be implemented, especially in situations where conducting
experiments on real structures is not feasible due to
component complexity and lack of easy access to the
structure.
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