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Equivalent Beam Modeling Technique and Experimental Verification of
Corrugated Flexible Joint Bend Considering Strain Energy

Jin Gon Kim”

ABSTRACT

Corrugated flexible joint with bellows shape is widely used in many industrial fields as it provides a relatively
simple means of absorbing mechanical vibration and deformation due to its inherent flexibility. In this study, an effective
equivalent beam modeling technique of corrugated flexible joint bend using a commercial CAE software is proposed to
reduce the excessive efforts and costs required for three dimensional shell modelling in vibration analysis of bellows
shape structure. When this simple and practical technique, based on the strain energy concept, is employed to modify the
beam sectional properties of the flexible joint bend, quite satisfactory results can be obtained.
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Fig. 1 Various automotive bellows shape flexible joint
assemblies
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Fig. 2 Corrugated flexible cable of automotive wiring
harness
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Table 1 Natural frequencies of straight bellows (unit: Hz)

Mode Ist 2nd 3rd
Shell modelling 13.934 65.808 142.817
Beam modelling 13.085 65.166 | 146.664

(a) 1st mode
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(c) 3rd mode

Fig. 4 Comparison of mode shapes obtained by shell
element model and equivalent beam model
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Fig. 5 Geometry of a curved bellows and local
coordinates
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Fig. 6 Free-body diagram of the curved bellows
subjected to the tip moment
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Fig. 7 Rapid prototyping model and modal test
configuration
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Fig. 8 FRF curve obtained from modal test

Table 2 Natural frequencies of the curved bellows shown
in Fig. 7 obtained from modal test and finite
element analysis (unit: Hz)

Mode Ist 2nd 3rd
Experiment 579 171.8 319.5
. 559 169.1 315.7
Shell modelling (3.4%) | (1.6%) | (1.2%)
Beam modelling 533 163.1 305.2
(After modification) | (7.9%) | (5.1%) | (4.5%)
Beam modelling 844 205.7 373.8
(Before modification | (46%) | (20%) | (17%)
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Fig. 9 Mode shapes obtained by modal testing
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Fig. 10 Mode shapes obtained by shell and equivalent
beam modelling
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