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Improved Sensitivity Method for Natural Frequency and
Mode Shape of Damped Systems
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ABSTRACT

A simplified method for the eigenpair sensitivities of damped systems is presented. This approach
employs a reduced equation to determine the sensitivities of eigenpairs of the damped vibratory systems
with distinct eigenvalues. The derivatives of eigenpairs are obtained by solving an algebraic equation
with a symmetric coefficient matrix of (n+1) by (n+1) dimension where n is the number of degree of
freedom. This is an improved method of the previous work of Lee and Jung. Two equations are used to
find eigenvalues derivatives and eigenvector derivatives in their paper. A significant advantage of this
approach over Lee and Jung is that one algebraic equation newly developed is enough to compute such
eigenvalue derivatives and eigenvector derivatives. Simulation results indicate that the new method is
highly efficient in determining the sensitivities of eigenpairs of the damped vibratory systems with

distinct eigenvalues.
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Table 1. The lowest twenty eigenvalue and their derivatives Table 2. Some componests of the first eigenvector and

910 | -4268 * 92.29| -8535) * 9209 | -8535 * 9209
1,12 | ~7023 & 1183 | -1405) = 11790 | -1405) & 11790
1314 | 8693 = 1316 | 1738 = 13100 | ~1738) = 13100

its derivatives
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Mode Ligenvalue derivative derivative Eigenvector Eigenvector
nurrber 18 (Lee&]Jung's (Proposed Egn Eigenvector derivative derivative
method) method) murber (Lee&Jung's (Proposed
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” -0015) 54531 -2973] 5453 | -2.973] £ 5453 1 -0.738-j0.738 73.80+j73.80 73.80+j73.80
34 | -023 + 2173} -4724) T 273 | -2 £ 073 2 | -1498-j1498 | 1498+j1498 | 1498+1498
56 | -0548 3309 -1005 = 3308 | -1005 = 3308 3 0.273+j0.273 213652136 | -21.36-i27.36
78 | -23457 L6844 | -4689; 1 6836 | -4689) 6836 4 -0.855-0.855 85.54+j85.54 85.54+i85.54
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1920 | -21.96; & 2084 | -4392) = 20610 | -4392) =+ 20610
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Table 3. CPU time spent on the calculation of the first twenty eigenpair derivatives
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