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Vibration Analysis of Expansion Joint
based on Transfer Matrix Method Considering the Rotary Inertia
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ABSTRACT

Simplified formulae for axial and bending natural frequencies of a bellows are developed using an
equivalent thin-walled pipe model. The axial and bending stiffness of bellows is determined using
lumped transfer matrix method. Transfer matrix method which includes the rotary inertia is used to
calculate the natural frequencies for axial and lateral vibration. The result from the simplified for-
mula are verified by those from as experiment result and a finite element analysis. This comparisons
show good agreement with the each other.
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Table 1 Comparison of bending natural frequencies
by calculated differential equation

Mode |Ref®(A) (Hz) | Present(B) (Hz) | Ratio(B/A)
Ist 318.4 3184 1.00
2nd 877.8 877.7 1.00
3rd 1720.8 17202 1.00
4th 2844.6 2842.0 1.00

Table 2 Comparison of axial natural frequencies due
to the rotary inertia

Axial(Hz)
o) . Present Ratio
Mode| Ref” |Midas wio J1w 7
@A) | B) B/A | C/A | D/A
©) D)

Ist 124 | 121.8] 1179 |117.9] 0.98 | 0.95 | 0.95

ond | 246 |243.9| 234.1 |234.1]0.99 | 0.95 | 0.95
3rd | 376 |366.8| 346.8 |346.8]0.98]0.92 | 0.92
4th | 502 |490.7| 454.6 |454.6] 098] 091 | 091
5th - |e6144] 5651 [5651| - [091%[0.91"

* C/B ratio, ** D/B ratio

Table 3 Comparison of bending natural frequencies
due to the rotary inertia
Bending (Hz)

Mode | Ref® | Midas W/(I;re;en\;] - Ratio
@ | B B/A | C/A | D/A
© | ®

Ist 202 | 197.9
2nd 337 |326.0

318.4 [190.4| 0.98 | 1.58 | 0.94
877.7 [311.8] 0.97 | 2.60 | 0.92
3rd | 475 |464.7] 1720.2 [435.1 0.98 | 3.62 | 0.92
4th 606 | 588.1 | 2842.0 |538.4| 0.97 | 4.69 | 0.89
5th 719.9 | 4261.1 [642.2| - [5.92%|0.89"
* C/B ratio, ** D/B ratio
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