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Fig.1 Shematic diagram of dynamic model reduction
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Fig.2 A section of eight cohesion points
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Fig.3 The original grid stiffened structure model
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Tablel Comparison of frequency results before and after model reduction

Single point Sixteen points
Original model Relative error (%) Relative error (%)
simplified model simplified model

1%-order bending mode frequency (Hz) 55.55 66.78 20.22 59.92 7.86
2"%order bending mode frequency (Hz) 134.81 166.09 23.20 142.97 6.06
3"-order bending mode frequency (Hz) 233.17 292.51 25.45 244.46 4.84
1*-order torsional mode frequency (Hz) 159.86 160.56 0.44 160.04 0.11
2"%order torsional mode frequency (Hz) 319.93 321.08 0.36 320.04 0.03
3" order torsional mode frequency (Hz) 479.47 481.52 0.43 479.96 0.10
Number of degrees of freedom 43380 642 - 10272 -
Computation time (s) 15.75 008 0 - 176 -
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Fig.10 Shematic diagram of the tank structure
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Fig.13 3-order bending mode shape
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Fig.15 1%-order longitudinal mode shape
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Table 2 Comparison of frequency results of the two methods

Lumped mass method Solid reduction method Relative change (%)

1%-order bending mode frequency (Hz) 152 1.63 6.89
2"-order bending mode frequency (Hz) 3.93 4.15 5.81
3"-order bending mode frequency (Hz) 7.48 7.84 4.72
4"_order bending mode frequency (Hz) 10.52 10.96 4.18
1%-order longitudinal mode frequency (Hz) 7.14 7.71 7.98
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BEAM-TYPE STRUCTURES AND ITS APPLICATION
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Abstract: In engineering projects, we often have to deal with dynamic analysis of large beam-type
structures such as launch vehicles, train cars and high-rise buildings. The computational workload
is very large, so model reduction is usually essential. In order to solve this problem, the
multi-point cohesion method for beam-type solid structures is proposed. Based on the plane
section assumption of the beam theory, the displacements of FEM nodes on each cross section are
approximated by the motion of the cohesion points of the cross section through the displacement
transformation matrix, resulting in the localized base vectors which will be used for model
reduction. The method can also be applied to the simulation of the liquid propellant of launch
vehicles. The solid reduction method is further proposed. Utilizing the characteristics that the
liquid is incompressible and can’t withstand shear stress, the elastic modulus and Poisson’s ratio of
the solid elements used to establish the liquid propellant are reasonably defined. Then the
simplified model can be obtained by the multi-point cohesion method. Results of the illustrative
example indicate that, the simplified model got by the multi-point cohesion method can not only
improve the calculation efficiency, but also ensure that the relative error of the calculation results
is within eight percent. In the meanwhile, the results demonstrate the effectiveness of the method.

Key words: beam-type structures; model reduction; liquid propellant; modal analysis
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