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Abstract

This paper proposes an efficient beam-shell modeling technique for the free vibration analysis of a
T-joint thin-walled beam structure. Except a small portion of a T-joint which is modeled by shell

elements,

the structure is modeled by thin-walled beam elements that can describe warping and

distortion. In order to match the shell and thin-walled beam elements at the interface of the dissimilar
elements, a technique based on a pseudo inverse matrix is formulated. This paper also examines the
role of the thin-walled element taking into account the distortion and warping deformation degrees of
freedom in predicting accurately the dynamic characteristics of a T-joint thin-walled structure,
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Fig. 1 A detailed model of the center
pillar of a vehicle car
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Fig. 2 A simple model using joint springs
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Fig. 3(a) A typical T-joint model
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Fig. 3(b) Shell + beam
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Table 1 Natural frequencies depending on
modeling techniques. (Ne denotes the
number of elements)

h T (V=
Mode No. (stzgm +S::;m(]\(]Ne4=§)6)
Ist 729.1Hz |  770.7Hz (5.7%)
2nd 920.0Hz | 916.7Hz (1.3%)
3rd 1094.2Hz | 1102.6Hz (0.8%)
4th 1098.4Hz | 1043.6Hz (5.0%)
Sth 1253.6Hz | 1272.3Hz (1.5%)
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Fig. 10(a) The second mode of the full
shell model
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Fig. 10(b) The second mode of the shell
+ beam model
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Fig. 11(a) The third mode of the full
shell model

Fig. 11(b) The third mode of the shell +
beam model

4. T =QE ZFZa|A

] gRoA A3 HERE o83 =4l
719 HEAdE AFARLEE, o]RE o83t
o Fig. 129 T-ZJE FZ2E9 IFHHE 59
a3l

Fig. 129]A4 L ZAE F99 Zolzx 49
A3 2P FEE 7HIH, o& A%
Uoz BES g% 13 HQAE ALY
t} Table 2& T-ZQAEY HFaAA AlgE =
48 HoFa gled, ZAEE IF B2E 7
AE 2842 REAYF 7 -9Model ), ZAEHF
AE 4 a42 29338t g e A=

224(CBAR EE CBEAM)E 22 A%
(Model 1, & ©]F @47t 922 A 228
ol g33ith), mMATez 2AE FHE 4 24

b=h=50
L=500

unit: mm

Fig. 12 Dimensions of a T-joint

Table 2 Various models for the T-joint in

Fig. 12
Model 1 Shell (N,~1872)
Model II Shell (N.=60) + CBEAM

(N=51)
Shell (N=60, L; (L; /b) =
50mm(1.0))+ thin-walled beam
(N=51)

Model 1II
(Present)

Table 3 Natural frequencies

Model Model Model

Mode
1 II I
Ist 212.2Hz | 223.2Hz 223.4Hz
2nd 277.5Hz | 285.6Hz 286.1Hz
3rd 292.1Hz N/A 288.6Hz
4th 300.2Hz N/A 293.6Hz
5th 337.7Hz | 340.1Hz 343.9Hz
6th 553.2Hz N/A 528.3Hz
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