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Dependingon the level of detail neededa flexible structurecan be representeé@nd modeledas a
simple secondorder systemdescribedoy a secondorder ODE or a setof complex coupledPDE’s de-
scribingthe co—orderdistributed parametesystems.To this effect, the modelingof flexible structuress

discussedy analyzingthe vibration of a 2—DOF spring—mass—dashpsystemandcontinueddescribing
how continuoussystemsaredescribednathematicallyusingPDE’s.

1 Lumped Parameter Flexible Structures

Theequationof motionof a2—DOFdiscretesystemshovn in Figurel is cornvenientlyexpressedy aset

E
e
cl c2
T1 T1
11 11
ml m?2
VWA VWA
k1l k2
e —_—
x1 X2

Figurel: A 2—-DOFdiscretesystem

of two 2ndorderODE’s, as
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This model,with the genericform of Equation2 canbe extendedo describeann-DOF system.

The model of a linear time—invariantdiscrete/discretizeéflexible structurecanbe expressedy the
secondordermatrix differentialequationof

MX(t) + CX(t) + KxX(t) = u(t) @)



whereM, K, andC arethemassstiffness,anddampingcoeficient square symmetric,matriceswith their
dimensionequalto the numberof degreesof freedomconsideredn. u is theforcing functionvector

For systemswith classicaldamping,i.e., the systemswith dampingmatrix C proportionalto the mass
M andstiffnessk matrices,M, K, andC canbe diagonalizedusing the massnormalizedorthonormal
eigervectorsasthe columnsof thetransformatiommatrix (seethefollowing section) resultingin

fi(t) + 2Gani(t) + wfni(t) = Qu(t),  i=12,... 3)

wheren;, wy and{; representhe transformedcoordinate naturalfrequeng, and dampingratio of the
structures i-th modeof vibration. Whenthe input is point force, Q; is the vectorof i-th eigenfunction
evaluatedattheforceinputlocation.



