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ABSTRACT

Simplified formulae for axial and bending natural frequencies of bellows are developed using an 

equivalent thin-walled pipe model. The axial and bending stiffness of bellows is determined using 

lumped transfer matrix method. Accordingly, the Expansion Joint Manufacturers Association (EJMA) 

formula for axial and bending stiffness calculation is modified using two different equivalent radii. 

The results from the simplified formulae are verified by those from a experiment result and a finite 

element (FE) model and good agreement is shown between the each other. 
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Fig. 1 Structure of the bellows stiffness

Fig. 2 Tranfer matrix of beam

Fig. 3 Model for transfer matrix method
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Fig. 4 Model for bellows

Fig. 5 Thin-walled pipe analogy of bellows
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Fig. 6 Calculate center of bellows

Fig. 7 Model of bellows for analysis
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Table 1 Comparison of natural frequencies 
by calculated differential equation

Mode Ref(3)(A) (Hz) Present(B) (Hz) Ratio(B/A)
1st 318.4 318.4 1.00
2nd 877.8 877.7 1.00
3rd 1720.8 1720.2 1.00
4th 2844.6 2842.0 1.00

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

Mode

Axial (Hz)

Ref(6)

(A)
Midas 

(B)

Without

(C)

With 

(D)

Ratio

B/A C/A D/A

1st 122 121.8 117.0 117.0 0.99 0.95 0.95
2nd 244 243.9 232.4 232.4 0.99 0.95 0.95
3rd 368 366.8 344.4 344.4 0.99 0.93 0.93
4th 495 490.7 451.3 451.3 0.99 0.91 0.91

Table 3 Comparison of bending natural frequencies 
due to the presence of rotary inertia 

Mode

Bending (Hz)

Ref(6)

(A)
Midas 

(B)

Without

(C)

With 

(D)

Ratio

B/A C/A D/A

1st 197 197.9 318.4 189.0 1.00 1.61 0.95
2nd 326 326.0 877.7 309.5 1.00 2.69 0.94
3rd 462 464.7 1720.2 432.0 1.01 3.72 0.93
4th 585 588.1 2842.0 534.5 1.01 4.85 0.91
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Fig. 8 Change of frequency acc. to height h

Fig. 9 Change of frequency acc. to pitch p
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