The analysis of vibration modes for a ventilated break disc
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Abstract: - This paper presents an analysis of vibrations modes regarding a ventilated brake disc that is
used on the front axel of a car. All started with the CAD model of the part and the finite elements method
was used as a calculation method. For generating the CAD model and for the analysis was used the
application CATIA v5. The results of the calculation were obtained in the Structural Analysis Laboratory
and then were compared with those experimentally determined.
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1. INTRODUCTION

The paper is a first step from a broader study on
the determination of the from break noise, noise
triggered by the vibrating instabilities due to friction
between the disc and brake linings.

The analysis is performed on each component
and also as a whole.

This paper aimed to achieve a modal analysis
carried out by calculation and comparison with
experimental data and thus achieving a first check of
the used analytical models only for disc brake.

2. CONSIDERATIONS REGARDING THE
MODAL ANALYSIS

The structural analysis consists in the structure
resistance calculus using the finite elements method
and it is based on the general movement equation
system:

{u(t)} - vector of displacements;

{P(t)} - vector of generalized forces distributed
in nodes.

Generally, the modal analysis consists in
determination of dynamic characteristics of
structures, by both analytic and experimental
procedures.

Description of the dynamic characteristics of the
structures is made by determination of vibration
modes. Each vibration mode has in association some
modal properties, such as: frequency, amortization,
amplitude, mass etc. These characteristics of the
structure could be determined in any point of the
structure.

The function of frequency response shows
motion, speed or acceleration for a point, normalized
by dividing with entering force, as frequency
function. The resonance frequencies and modal
properties could be determined from these functions.

In the case of a modal analysis it is presumed that
the part is vibrating under an initial impulse; in this

1% ]{” (¢ )}+ [B]{” (¢ )}+ (K ]{”(t )}: {P(i )}, (1) case it is studied the vibration that is particular for
that part and it’s own frequency caused by the
where: vibration.
A particular vibration is practically one of the
[M ] - matrix mass (inertia); multiple vibrations that deform the part when
{u " ( t)} _ acceleration vector: vibrating. The particular vibrations are counted from
’ the lowest frequency to the highest one.
[B ] - matrix of damping; This particular ways can be analyzed by taking
{u ' (t)} - velocity vector; care of the damping or not. . .
. . In this case the differential equations (1) become:
[K ] - stiffness matrix;
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The advantages of using a modal analysis are that
of a system that evaluates the dynamic
characteristics of the structure and the determination
of frequencies.

The modal frequencies once determined can be
used for:

- frequency and transient analysis;

- for experimental analysis;

- optimizing the dynamic behavior of structures

In the modal analysis the dynamic response of
the structure is represented by the sum of personal
vibration modes.

By determining the characteristics of the
vibration modes by using experimental or analytic
means it is possible that we understand what
possible unwanted responses are created (noise,
vibration, great loads) so we can correct them.

2

3. RESULTS OBTAINED BY
CALCULATION

Modal analysis was performed using CATIA V5
application by using the module "Generation
Structural Analysis", for the case of "free frequency
analysis"

They used the following material properties:

- elasticity module E = 1,2*E 11 N/m2;
- Poisson coefficient v = 0,291:
- density p = 7870 kg/m3.

Figures 1 and 2 shows the 3D model created with
the program CATIA V5. There was performed an
analysis of the own modes for the case where the
shaft is considered free — with no restrains. The
model used for the calculation is made from 22513
nods with 85902 tetrahedron elements (octree
tetrahedron).

Ly

Figure 1. The 3D model of the disc brake.

Lo

Figure 2. Play mesh model (mesh).

After calculations were made, particular vibration
modes are presented in table 1.

Table 1. Modes obtained
Mode number
1

Frequency Hz
0.0000e+000
0.0000e+000
0.0000e+000
0.0000e+000
7.0221e-005
7.2739¢-004
1.5595e+003
1.5605e+003
3.0465e+003
3.3531e+003
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There is noticed that the first 6 vibration models
have the value closest to zero, thing that was
expected because of the type of analysis we
performed. The first significant value is
corresponding to the mode 7 with the value of 15595
Hz. Significant values are also found at the models
8,9 and 10.

Ly

Figure 3. Vibration model 7 - 1559 Hz.
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In figures 3, 4, 5 and 6 shaft deformation is
presented corresponding to each of their own way.

In figure 7 are presented the displacements for
the vibration model 10 (1559 Hz).

e Took_wndow b

Figure 4. Vibration model 8 - 1560Hz.

Figure 5. Vibration model 9 - 3046 Hz.

o

Figure 6. Vibration model 10 — 3353 Hz.

Figure 7. Displacements for the vibration model 7.

4. RESULTS OBTAINED BY
EXPERIMENTAL MEASUREMENTS
AND CONCLUSIONS

For experimental measurement was used a
measuring chain consisting of:

- PCB Accelerometer,
sensitivity 10.11 mv/m/s’;

- Measuring amplifier;

- Measuring hammer.

Software settings:

- Ac, Filter goes up to 1 Hz, FFT analysis up to
10000 Hz

- the FFT analysis was set to 3200 calculation
points.

These elements are presented in figure 8.

There was used the integrated system Soundbook
with the software SAMURAI (SINUS Messtechnik
Gmbh) specialized in measurements and noise and
vibrations analysis.

Model 353B04,

Figure 8. The assembly of components used for
measurements.
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This soft is dedicated to data acquisition, signal
analysis and controlling various devices and external
equipment.

The hammer which the part is hit to make
the vibrations is specially designed for vibration

measurement and has incorporated a force
transducer is used in some measurements.
There were made more  experimental

determinations while the transducer had different
positions on the disk. In figure 9 can be seen the
mounting of the transducer to the side of the disc.

Figure 9. Transducer mounted on the side of the
disc.Figure description

Figures 10 and 11 present the results obtained
when transducer is mounted as in figure 9. For the
diagram in figure 10 the hitting was made on the
same side with the transducer but in higher point.
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Figure 10. Results obtained in the case of the transducer
mounted on a side of the disc (figure 9) and hit in the
same side but in higher point.

The results presented in figure 11 were
obtained is the case where the transducer was
mounted in the same position (figure 9) and was hit
in the opposite side of the transducer mounting
place, still in higher point.
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Figure 11. Results obtained for hitting in the opposite
side of the transducer mounting place.

It was noted that in all studied cases, the
first significant frequency is around 1525 Hz, close
to the calculated value of 1559 Hz that is
corresponding to the vibration mode. This value is
not being influenced by the transducer position or
the direction of the impact.

Lower frequency value obtained by
measurements different by the ones obtained from
calculation is due to the influence of the transducer
mass against the obtained determinations. So the
value obtained by calculation can be considered
closest to real value.

The same observations can be made on the
basis of the vibration measured following the 3334
Hz from the calculated value that is 3353 Hz.

Performed experimental measurements can
confirm that the calculation model is correctly used
and therefore can be used for other types of dynamic
calculations.
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