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Abstract

In building a finite element model of an automotive structure, the pillars and rockers are
generally modeled as beam elements. The finite element modeling using beam elements is faster
and more efficient than that using shell elements. A joint is defined as the intersection region of
beam elements and generally modeled with coupled rotational springs. In this study, joint
modeling technique is presented. First, the definitions of and analysis hypothesis for the joint are
defined. Second, the evaluating method of the joint stiffness from the static test is proposed. This
method is simpler than existing evaluating methods. Third, the sensitivity analysis method and
updating algorithm for joint stiffness are presented. To verify these methods, the finite element
results of structural models with rigid joints and rotational spring joints are compared with

experimental results.
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Table 1 Static loat test results of T-type joint(mm)
Moment J Measuring point (O Measuring point @ Distance
X -0.135 —0.44 15
M, _, Y 1.753 1.5875 12
z 1.008 1.1975 12
X —0.18 (.138 10
M, Y 1.638 1.7725 13
Z 2.0275 2.3225 12
Table 2 Static loat test results of edge-type joint (mm)
Moment ‘ Measuring point O Measuring point @ Distance
X —1.42 —1.232 14.5
M., Y ~0.14 0.138 13.5
Z —0.011 0.16 6.5
X —=0.09 —0.25 9
M, Y —0.0212 0.122 7.5
Z J 1.518 1.356 11
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Table 3 Joint stiffness values of T-type joint{x10* Nm/rad)
Static load test E Sensitivity analysis
X Y z ‘ X ’ Y z
K. 1.0299E2 6.5236E2 1.3130E2 1.0299E2 7.1932E2 6.9321E2
K, 3.5105E2 3.9578E2 4.5570E2 3.5105E2 8.0469E2 7.7904E2
K. 3.5105E2 3.9578E2 4.5570E2 3.5105E2 5.4098E2 8. 1’300E2
Table 4 Joint stiffness values of edge-type joint( x 10* Nm/rad)
Static load test Sensitivity analysis
X Y Z X Y Z
Ka 2.3759E2 3.5235E2 4.9993E2 9.2717E2 5.6799E2 5.3871E2
Ks 5.1807E2 3.1432E2 1.4090E2 6.0082E2 2.6520E3 5.0943E2
K. 5.1807E2 1.6946E2 3.1882E2 6.0077E2 5.6119E2 4.5763E2
Table 5 Natural frequencies of T-type joint(Hz)
Spring joint model
Mode Experiment Shell model Rigid joint model - -
Static load test |Sensitivity analysis
1 33.78 38.95 39.68 24.69 33.78
2 34.44 44 .67 45.61 31.38 34.44
3 40.02 44 .77 45.65 36.99 40.02
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Table 6 Natural frequencies of edge-type joint(Hz)
. Spring joint model
Mode Experiment Shell model Rigid joint model - T
Static load test |Sensitivity analysis
1 29.24 27.30 36.33 27.20 29.76
2 32.44 36.44 39.30 29.42 32.67
3 41.15 46.12 46.25 35.39 38.84

Fig. 11 Experimental
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mode shape of automotive structural model
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Mode shape
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Table 7 Natural frequencies of automotive structural model (Hz)
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