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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: 
 

[ ] ( ){ } [ ] ( ){ } [ ] ( ){ } ( ){ },''' tPtuKtuBtuM =++      (1) 
 
where: 
 

[ ]M  - matrix mass (inertia); 
( ){ }tu ''  - acceleration vector; 

[ ]B  - matrix of damping; 
( ){ }tu '  - velocity vector; 

[ ]K  - stiffness matrix; 

( ){ }tu  - vector of displacements; 
( ){ }tP  - 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 
case it is studied the vibration that is particular for 
that part and it’s own frequency caused by the 
vibration. 

A particular vibration is practically one of the 
multiple vibrations that deform the part when 
vibrating. The particular vibrations are counted from 
the lowest frequency to the highest one. 

This particular ways can be analyzed by taking 
care of the damping or not. 

In this case the differential equations (1) become: 
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[ ] ( ){ } [ ] ( ){ } 0'' =+ tuKtuM                   (2) 

 
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. 
 
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 υ = 0,291: 
- density ρ = 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). 

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

 

 
Figure 2. Play mesh model (mesh).   
 

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

Mode number Frequency  Hz 
1  0.0000e+000 
2  0.0000e+000 
3  0.0000e+000 
4  0.0000e+000 
5  7.0221e-005 
6  7.2739e-004 
7  1.5595e+003 
8  1.5605e+003 
9  3.0465e+003 

10  3.3531e+003 
 

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. 
 

 
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. 
 

 
Figure 4. Vibration model 8 - 1560Hz.  
 

 

Figure 5. Vibration model 9 - 3046 Hz.  
 

 
Figure 6. Vibration model 10 – 3353 Hz.   
 

In figure 7 are presented the displacements for 
the vibration model 10 (1559 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, Model 353B04, 
sensitivity 10.11 mv/m/s2; 

- 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. 
 

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. 
 

  
 
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. 
 

  
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. 
 
REFERENCES 
 
[1] Pandrea, N., Pârlac, S., Vibraţii mecanice, Editura      

Universităţii din Piteşti, 2000. 
[2] Broch, Trampe, Jeans, Mechanical vibration and shock 

measurements, Application of the Brüel & Kjaer, 1972. 
[3] Randall, B., Tech, B., Frequency analysis, Application of the 

Brüel & Kjaer, 1977. 
[4] ***CATIA V5 Documentation  
[5] Michael ,W., sa, Introduction to Continuum Mechanics, 

Butterworth-Heinemann Ltd 1999. 

 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


