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Modal Analysis of the Whole L aunch Vehicle Based on Three-Dimensional Dynamic
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ABSTRACT: Obtaining accurate modal data of the whole launch vehicle can provide the key input data in the overall design. In
order to solve the problem of obtaining high-efficiency and high-precision of dynamic characteristic data of the whole launch
vehicle, an acquisition method of modal parameters, integrating the three-dimensional high-precision dynamic numerical model,
reuse techniques of test data, multi-state model updating method and model synthesis method, is proposed and practiced on the
basis of the model synthesis theory and test data. Under the premise of unknown interface connection stiffness, the
high-precision modal parameters of whole launch vehicle is predicted, and the high-precision dynamic characteristic data is

given during the design process of vehicle. The error between the numerical analysis results and the test results is less than 2%
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in first-order bending frequency, and less than 4% in first-order bending slope. Moreover, the numerical results are in good

agreement with the verification results of range vertical modal test and the first-flight test. With the verification of range vertical

modal test and the first-flight test, the virtual-real combination method proposed in this paper can obtain the dynamic character-

istic parameters of whole launch vehicle efficiently and reliably.
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Fig.1 Overall scheme flow chart
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Tab.1 Modify one sublevel model on the basis of the test data of the historical actual model
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Tab.2 Modify new segment model on the basis of the modal
test data of the new design segment

#3 EZHED, TREREELETFESINER
Tab.3 Modal analysis result of a whole launch vehicle with
the all three-dimensional model and the fluid
virtual mass method

RS My My . GIRE Bz o
s R e 748 —m:mwﬁ 2016  gTE a
BERE+ AT S T Co e Yl — B s
e MRS g6 e »

— v Z 25 il

B2 BT =i BT R
Fig.2 Three-dimensional finite element model of a
launch vehicle
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the first and second interstage section
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Tab.4 Comparison of test results and analysis results
(frequency) in the erect state of the shooting range

W AR
Aﬂ > = 00
AL fiiid */Hz Fi R /Hz PRIE%
AR -IV—r 25 5.30 5.25 1.0
AT - —pr s 5.84 5.85 1.7

x5 BHEIRSHBRERESNERIES (RERZE)
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