Vibrations induced by friction forces in dynamic systems
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Abstract: - Vibrations induced by friction generated a series of major problems in functioning of
mechanisms of industrial equipment. Dynamic systems, with parts in motion, function with friction due
to direct contact between surfaces of its various components. The present paper shows a synthesis of
negative effects caused by different types of friction that can be identified analyzing the vibration signal,
thus avoiding the appearance of faults and shortcomings that can compromise the ongoing of an

industrial process.
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1. INTRODUCTION

Friction phenomenon forms an important aspect
in functioning of high precision industrial machines.
Their performance is implicitly affected by the
friction between his constitutive parts in contact.
Friction is present in any mechanism with moving
components or in contact ones, causing undesirable
behaviour of the system, in time leading to physical
faults of mechanism’s composing parts.

Fluctuant friction forces can be considered
internal excitation sources (perturbations) of the
system and can be identified by analysing vibrations
transmitted during mechanism’s operation. Thus, at
industrial machines, of great interest is transitory
phase considered from the starting point of the
machine until reaching processing speed.

Vibrations due to frictions can appear at parts
that perform a rotational motion: spindles and
sliding or roller bearings; train of gears; gear
transmissions; belts; shanks; impellers; electrical
drive motors; etc.; or vibration caused by frictions
during the ongoing technological process, between
the work piece and the processed part.

Geometrical, kinematics and dynamics
parameters, as well as material properties of the
surfaces in contact, influence the type of friction
phenomenon.  Friction phenomenon can be
emphasized in various forms. Internal friction, for
example, is often constant over a wide range of
frequencies of vibration, proportional to the squared
amplitude of vibration, and formulated as a
structural damping, while external friction is usually

denoted by the damping ratio (loss coefficient), a
non - dimensional number proportional to the energy
loss per cycle of work [2].

2. FRICTION CONDITIONS

Friction is a complex, mechanical and energetic
process that occurs with energy dissipation during
contact of two surfaces of parts in motion, often
leading to attrition and abasement of system
components.

Energetically, friction is expressed by friction
mechanical work estimated as subtraction between
energy at system entry and energy at system output,
energetic losses being thermal and of deformation
and is expressed by friction loss:

Lf
H :T (1

where L, is mechanical work consumed by friction
and L is absolute mechanical work of all forces
acting on the system.

Friction conditions of system’s components in
motion are actuated by sundry factors as the type of
contact between surfaces, plastic direct contact,
resilient or lubricated one.

2.1. DRY FRICTION

Dry friction is seldom seen and can be defined as
friction between two components with dry surfaces,
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as in parts of linear joints or rotating coupling. For
parts in motion this type of friction is called sliding
friction or dynamic friction expressed using
Coulomb’s Laws sustainable in resilient deformation
area. In this case kinetically friction force is
proportional to normal force and is not reliant on
sliding speed but only on material properties of
surfaces in contact. Friction phenomenon is defined
by the kinetic friction coefficient, u; non-
dimensional, determined as ratio between kinetic
friction force, F; , and normal force acting on the
contact area of the surfaces, F), :

F

Hy =F—-: 2)

as well as sliding friction angle, ¢, rated as the angle
between normal force direction, F, , and the
direction of the resultant forces ), and F}:
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Figurel. Dry friction model

In dry friction case vibrations due to this
phenomenon can’t be slighted, it’s negative impact
can cause the stick-slip effect that manifest itself
through noise at deceleration and jars of system’s
equipments. Sliding friction characteristic is shown
in figure 2 (a, b) and points to friction force’s
dependency on normal force (fig.2.a), tangent force
(fig.2.b) acting on the contact area of the components.
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Figure3. Static friction models:

a) Coulomb friction; b) Coulomb + lubricated friction;
¢) Coulomb + lubricated + stick slip friction; d) Stribeck
curve

The classical friction models (fig. 3) consist of
different components, each taking care of certain
aspects of the friction force. The main idea is that
friction opposes motion and that its magnitude is
independent of velocity and contact area.

2.2. LUBRICATED FRICTION

Starting with the modernisation of high precision
machines and the increase of work speed it has been
define a new type of friction that depends on
velocity and on lubricating fluid’s nature. The
concept of lubricated friction was associated with
the viscosity of lubricating fluid, which becomes
stiffer at higher pressures produced by higher speed
[2].

At lubricated friction, represented in figure 4, the
nature of surfaces has a low influence upon friction
phenomenon, although it must be taken into
consideration the adherence component and the
thermal transfer.
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In case of lubricated friction the parts surfaces
are not involved in a direct contact, the friction
appears between surfaces and lubricating fluid. From
a certain value of work speed a minimum clearance
follows up, which advantages obtaining lubricated
friction condition.

Establishment of the lubricated friction areas, of
lubricated conditions in general, it can be
accomplished using the Stribeck curves which
indicates the wvariation of the lubricated fluid’s
thickness and the variation of friction coefficient, u,
with the normal force, F, , velocity, v, and fluid’s
viscosity, # [2]:

n-v
="~ (4)
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Figure4. Lubricated friction characteristic
2.3. MIXED FRICTION

Mixed friction appears at the limit between the
two friction conditions described earlier and it’s
brought on by the instability of lubricant film. This
type of friction follows system starting or stopping
or a direction changing of the motion. Mixed friction
coefficient’s value is lower than dry friction
coefficient but the attrition yield after mixed friction
is higher than the one caused by lubricated friction.
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In the case of this friction condition is often met
the stick-slip phenomenon distinguished by short
term periodic oscillations between adhesion friction
and sliding friction, phenomenon which generates
strong vibrations. This is due to increasing and
decreasing of the elastic force — friction force ratio
on short time periods.

Simplified Stribeck curve from figure 5 shows a
global feature of lubricated surfaces motion. It can
be noticed that the friction coefficient is proportional
to velocity and to lubricant viscosity.

3. VIBRATIONS CAUSED BY FRICTION
FORCES AT INDUSTRIAL MACHINES
COMPONENTS IN MOTION

The most common vibration situations caused by
friction phenomenon can be seen either at sliding
bearings or at roller bearings.

In case of sliding bearings vibrations occur due to
frictions between journal and backing. There is no
direct contact among the surfaces of the two parts,
the space being replete with lubricant. Hereby,
during rotary motion occur vibrations due to all
three friction conditions: dry; mixed; lubricated.

Non-linear viscous friction can be identified in
vibratory signal using Hilbert transform or Wavelet
transform which allows an analysis in time or
frequency domain of non-linear oscillations with a
FFT transform.

At the transition from dry friction to mixed
friction in vibration spectrum can be observed self-
excited oscillations.

In case of roller bearings sliding frictions is
substituted by the rolling friction which determines
vibrations that evidences changes of vibration
spectrum in the domain of excitation frequencies.

At occurrence of friction among components in
rotary motion the radial vibrations spectrums are
similar to vibrations spectrums caused by faults as
insufficient tightening or weakening of mechanical
joints. If the time signal includes impulses,
amplitudes or modulation frequencies then in the
vibration spectrum will appear side bands [4].

The friction that occurs between a fast
component and a component in rotary motion (radial
compressor) reverberates in frequency spectrum as a
series of spectral lines, the subtraction of frequency
of two spectral adjacent lines being equal to rotation
frequency of the component engaged in motion. If
the spectrum shows two series of lines mean that
two of the eigenfrequencies have been excited.

Following a frequency analysis of the vibratory

ay signal, frictions in the seals can be determined
fa which, if are not observed in due time, lead to
Figure5. Simplified Stribeck curve
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deterioration of the seals and therefore to major
system faults.

Frictions at the level of coupling teeth lead to
excitation of first inflexion eigenfrequency of
impeller. At toothed gear transmissions it is of great
interest the spectral analysis of frequencies, showing
crests in gear frequency harmonics, side bands or
lower harmonics of rotational frequency.

Damping system can be recognized with modal
analysis, using  measures as  structure’s
eigenfrequency or forms of vibrations eigenmodes.
Eigenfrequencies values are determined by using
peak amplitude method and are identified with
frequencies for which picks can be noticed in the
amplitude-frequency diagram. For force signals is
usually applied frequency analysis (FFT) and
Cepstrum analysis.

At electric motors frictions between brushes and
collector shims lead to faults that appear in the
vibrations spectrum as lower harmonics of the main
commutation frequency as well as side bands on
both sides of the commutation frequency with
increased amplitudes.

4. CONCLUSIONS

Is obvious the fact that dynamic systems can’t
function without producing friction phenomenon.
Friction among system’s parts in motion can induce
vibrations that lead to faults as attrition, corrosions,
etc, that generate errors in the functioning of
industrial machines and in the progress of their
ongoing processes.

Therefore, it is of great importance to identify
friction by analysing vibrations signals, having at

hand a wide domain of methods and analysis
procedures as well as high technology that
smoothens the process.

ACKNOWLEDGMENTS

The authors acknowledge the support of the
Managing Authority for Sectorial Operational
Programme for Human Resources Development
(AMPOSDRU) for creating the possibility to
perform these researches by Grant POSDRU 7713.

REFERENCES

[11 Banarie C., Paduraru D., Dima D., Vibro -
diagnosis of electrical faults at DC motors,
Buletinul Institutului Politehnic Iasi, Tomul L,
Fasc. 5, 2004.

[2] Marchi J.A., Modeling of dynamic friction, impact
backlash and elastic compliance nonlinearities in
machine tools, with applications to asymmetric
viscous and kinetic friction identification, Rensselaer
Politechnic Institute, New York, 1998.

[3] Kang J., Krousgrill C.M., Sadeghi F., Oscillation
Pattern of Stick-slipp Vibrations, International
Journal of Non-Linear Mechanics, p. 820-828,
2009.

[4] Kang J., Krousgrill C.M., Sadeghi F., Oscillation
Pattern of Stick-slipp Vibrations, International

Journal of Non-Linear Mechanics, p. 820-828,
2009.

RJAV vol Vil issue 2/2010

106

ISSN 1584-7284




<<
  /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


