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Dependingon the level of detail needed,a flexible structurecan be representedand modeledas a
simplesecondordersystemdescribedby a secondorderODE or a setof complex coupledPDE’s de-
scribingthe∞–orderdistributedparametersystems.To this effect, themodelingof flexible structuresis
discussedby analyzingthevibrationof a 2–DOFspring–mass–dashpotsystemandcontinueddescribing
how continuoussystemsaredescribedmathematically, usingPDE’s.

1 Lumped Parameter Flexible Structures

Theequationof motionof a2–DOFdiscretesystemshown in Figure1 is convenientlyexpressedby aset
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Figure1: A 2–DOFdiscretesystem

of two 2ndorderODE’s,as�
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Thismodel,with thegenericform of Equation2 canbeextendedto describeann-DOFsystem.
The modelof a linear time–invariantdiscrete/discretizedflexible structurecanbe expressedby the

secondordermatrixdifferentialequationof

Mẍ � t 
 � Cẋ � t 
 � Kx � t 
 � u � t 
 (2)
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whereM, K, andC arethemass,stiffness,anddampingcoefficientsquare,symmetric,matriceswith their
dimensionsequalto thenumberof degreesof freedomconsidered,n. u is theforcing functionvector.

For systemswith classicaldamping,i.e., thesystemswith dampingmatrixC proportionalto themass
M andstiffnessK matrices,M, K, andC canbe diagonalizedusing the massnormalizedorthonormal
eigenvectorsasthecolumnsof thetransformationmatrix (seethefollowing section),resultingin

η̈i � t ��� 2ζiωiη̇i � t ��� ω2
i ηi � t ��� Qiu � t � � i � 1 � 2� � � � (3)

whereηi, ωi and ζi representthe transformedcoordinate,naturalfrequency, anddampingratio of the
structure’s i-th modeof vibration. Whenthe input is point force, Qi is the vectorof i-th eigenfunction
evaluatedat theforceinput location.
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