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Sensitivity of the Eigenvalues of Beams to the Change of Element Correction Factors
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Abstract

Some characteristics of the sensitivities of the eigenvalues for beams have been found in the paper. For
cantilever beams and simply supported beams, the sensitivities of the eigenvalues to the stiffness correction
factor of one element are equal and opposite to the sensitivities to the mass correction factor of the
symmetrically positioned element. The relationship means that to increase stiffness in one element has the
same effects on the eigenvalues as to decrease mass by the same proportion in the symmetrically positioned

element. For beams with other boundary conditions, however, the relationship does not hold.
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Fig.1 Cantilever beam composed of five
elements
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Table 2 Eigenvalues of the cantilever beam for the

two cases (units: rad?/s’)

Case 1 (P,=0.2) Case 2 (Pmu=-0.2)
0.0161€3 0.0162¢3
0.0993¢3 0.0994e3
0.2833¢3 0.2848¢3
0.5538¢3 0.5555€3
0.9207€3 0.9239¢3
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Table 1 Sensitivity of the eigenvalues to the element correction factorsfor a cantilever beam (units: rad?/s?)

Element | 1 2 3 4 5
oA

6P1 5.8359€3 2.7688€3 0.9421€3 0.1704€3 0.0064€3
ki

OA
E -0.0066€3 -0.1704€3 -0.9421e3 -2.7687e3 -5.8358e3
oP,

oA

aPZ 1.0742e5 0.3845€e5 1.4500e5 0.8502¢e5 0.0636€5
ki

oA
2 -0.0645e5 -0.8496e5 -1.4499e5 -0.3852e5  -1.0734e5
oP,

oA

5?3 0.5653e6 0.8227e6 0.2218e6 1.1607e6 0.2450e6
ki

oA
3 -0.2446e6 -1.1566e6 -0.2231e6 -0.8243e6  -0.5669e6
oP,

oA

8?4 2.3904e6 1.8709e6 3.1323e6 2.3059¢e6 2.0686e6
ki

oA

8P4 -1.9972e6 -2.3236€6 -3.1128e6 -1.8690e6  -2.4656e6

mi

Table 3 Sensitivity of the eigenvalusesto the element correction factorsfor a simply supported beam
(units: rad¥s?)

Element | 1 2 3 4 5
oA,
P 0.3727e4 1.9757e4 2.9664e4 1.9757e4 0.3727e4
ki
oA,
-0.3727¢4 -1.9757¢4 -2.9664e4 -1.9757e4  -0.3727e4
oP,,
oA,
8? 1.8852e5 3.9642¢e5 0.6002e5 3.9642¢e5 1.8852e5
ki
oA,
-1.8856e5 -3.9630e5 -0.6018e5 -3.9630e5  -1.8856€5
oP,;
A,
prs 1.4536e6 0.7565€e6 1.8845e6 0.7565€e6 1.4536e6
ki
7R
-1.4518e6 -0.7613e6 -1.8786e6 -0.7613e6  -1.4518€6
oP,,
oA,
v 4.6566€6 3.8950e6 3.4243e6 3.8950e6 4.6566€6
ki
oA,
P -4.6178e6 -3.9098e6 -3.4723e6 -3.9098e6 -4.6178e6

mi
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Table 4 Sensitivity of the eigenvalues to the element correction factorsfor a clamped - simply

Supported beam (units : rad¥s?)

Element | 1 2 3 4 5
8&1
P 6.3173e4 0.6633e4 4.8904e4 5.5600e4 1.2761e4
ki
6&1
-0.1746e4 -2.8388e4 -7.5234e4 -6.7227e4 -1.4477e4
oP,
oA,
8? 3.8962e5 5.2240e5 1.8318e5 5.2571e5 3.5302e5
ki
oA,
-1.2006e5 -7.7120e5 -2.1846e5 -5.1363e5 -3.5059¢e5
oP,;
613
5 1.7069¢e6 1.6369¢e6 2.2876€6 1.0230e6 2.0775e6
ki
613
-1.3053e6 -2.0880e6 -2.2331e6 -1.0320e6 -2.0733e6
8Pmi
oA 4
P 5.9950e6 4,7015e6 4.,9469¢e6 5.2059e6 5.4471e6
ki
oA 4
P -5.6830e6 -5.0665e6 -4.9549¢6 -5.1999¢6 -5.3921e6
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