
M. E. 7206 Dynamics of Rotating Machinery

Term: Spring 2004
Instructor: Dr. “Nat” C. Nataraj
Classes: Wednesdays, 3:30 – 6:00
Office: Tolentine 113B, 519-4994
Office Hours: By appointment
E-mail: nataraj@villanova.edu
Web page: http://www.homepage.villanova.edu/c.nataraj/

Course Description

This course will deal with the problems of dynamics and vibration associated with most
kinds of rotating machinery. Examples include turbomachines (steam turbines, gas turbines,
pumps, compressors), electric machines (motors, generators), and machines with rotating
components such as centrifuges.

The aspects of modeling such rotor-disk-bearing assemblies will be explored in detail. Since
fluid-film bearings are in wide use, the effect of these bearings on the dynamics of rotors
will be studied. Apart from detailed analysis of some simplified models, general methods
of modeling and analysis such as finite element and transfer matrix approaches will be
discussed. Other aspects to be included in the course are, the effect of internal damping on
the stability of the system, the phenomenon of oil whirl, the theory and practice of balancing
of rotating components, and the influence of nonlinearities on the vibrational response of
the system.

Prerequisites

Undergraduate vibration, numerical analysis.

Texts

There will be no required text. Suggested reference material is as follows. A draft of a text
by the instructor is likely to be available by the first class, and can be purchased in class
for a nominal amount.

• Dimentberg, F. M., 1961, Flexural Vibrations of Rotating Shafts, Butterworths, Lon-
don.

• Tondl, A., 1965, Some Problems of Rotor Dynamics, Chapman and Hall, London.
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• Lund, J. W., 1979, Dynamics of Machines, Ossolineum, Denmark.

• Rao, J. S., 1983, Rotor Dynamics, Wiley Eastern, New Delhi.

• Dimorogonas, A. D., and Paipetes, S. A., 1983, Analytical Methods in Rotor Dynamics,
Applied Science Publishers.

• Adams, M. L., 2001, Rotating Machinery Vibration, Marcel-Dekker, Inc.

• Vance, J. M., 1988, Rotordynamics of Turbomachinery, Wiley Inter-Science.

• Nelson, H. D., Preliminary draft of Rotor Dynamics.

• Nataraj, C., Research Notes.

• Numerous technical publications.

Grading:

Homework will be assigned every week and should be submitted promptly for grading and
subsequent discussion. In addition, small computer projects will be assigned.

An individual term project will be required of each student. The project topic may be either
selected by the student, with approval, or be specified by the instructor. It is initiated at
the mid-term date and is due in the last class week.

The semester grade is based on the following relative weights.

Homework 15%
Quizzes (two) 20%
Computer projects 40%
Final Exam (comprehensive) 25%

Grades:

F < 65% C- < 70% < C < 75% < C+ < 80%< B- < 82% < B < 85% < B+ < 87% < A-
< 90% < A
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Course Syllabus1

• Objectives of Rotordynamic Analysis

• Coordinate systems and kinematics of rotor motion

• Critical speeds

• Jeffcott rotor equations: free and forced response, stability

• Rigid rotor equations, forward and backward modes

• Onset of Instability

• Transient Response

• Hydrodynamic bearings and Reynolds equation

• Unbalance response

• Flexible MDOF systems - finite element modeling

• Balancing procedures

• Instability mechanisms

• Nonlinear effects due to bearings, couplings, cracks, etc.

• Troubleshooting from vibration measurement

Demonstration Setup

If time permits, a Bently Nevada rotating machinery setup will be used to demonstrate
whirling of shafts, balancing procedures, and oil whirl due to fluid–film bearings.

1This a little optimistic!



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


