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Free Vibration and Stability of Multiple-step Beams under Stepped
Axial Pressure by Distributed Transfer Function Method

LI Dao-kui LEI Yong-jun TANG Guo-jin
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073 China
Abstract With the distributed transfer function method a closed-form solution is obtained for free vibration and stability of
a multiple-step beam under stepped axial pressures. According to variations of the geometry of the cross-section the material and
the axial pressure in axial direction the beam is divided into multiple sub-beams whose closed-form solution is obtained with the
distributed transfer function method. The natural frequencies and buckling loads along with their mode shapes are obtained by
using the displacement continuity conditions and force balance conditions between the sub-beams. The method was validated
through numerical examples of three-step beams. The natural frequencies of multiple-step beams under different axial pressure in

each section were calculated with the example of four-step beams.
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Fig.1 Step beam under stepped axial pressures and its ist sub-beam
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Tab.1 First three frequencies @ and buckling loads T;, of three-step beam under stepped axial pressures

@ 4.61489  7.73947 10.83857 3.44485  5.38952  7.74857  1.25864  4.39962  7.52796
T3, 54.4303  110.934  391.312  12.7672  27.4317  97.7972 3.0317 13.6368  46.7699

@ 4.61485  7.73947 10.83859 3.44486  5.38951  7.74858  1.25865  4.39961 = 7.52793
T3, 54. 4303 110.93 391.3 12. 7672 27.432 97. 80 3.0317 13. 6368 46.770
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Tab.2  First three frequencies @ of four-step beam under stepped axial pressures
7, =0 T3 =1 T3 =2
d:] w ) LE:} @ . é’z (.Ea} . (.E)z (.Ea}
S-S 1.82302  4.84332  7.74767 1.77656  4.69606  7.72384  1.71739  4.52391  7.69864
S-C1 2.89945  6.00673  8.28524  2.86997 5.91200  8.25044  2.83465 5.80749  8.21386
S-C2 0.67876  3.58028  6.62930 uuuu 3.48556  6.57107 uuuu 3.37135  6.50912
S-F uuuu 2.23677  5.31650 uuuu 2.20526  5.18061 uuuu 2.16881  5.02662
uuuu
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