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Fig.1 Schematic diagram of cylindrical shell structure
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Tab.1 Basic parameters of cylindrical shell structure

ZH 5 #HE

fa] BE S /mm D 300
A EENAZ /mm D, 292
fA] BER BE /mm L 500
2R /mm b 30
22 MK EE /mm h 35
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Fig. 2 Finite element model
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Tab.2 Command card for bolt simulation
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Fig.3 Schematic diagram of experimental modal test
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(a) Interior points of substructure A, B
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(b) Interface point
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Fig.4 Schematic diagram of internal points and interface

points of substructure A, B
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Fig.5 The location of interface testing points
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Tab.3 Summary of peak error of frequency response

function calculated by different methods

B EMPC HIRTT R AR 2% /Hz
Bk WEEMIR/Hz o WBEMR/Hz  OMXTR2E/ %)
1 130 130 0(0.00)
2 357 351 6(1.68)
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(a) —kriEZ5133.84 Hz
(a) 1th mode 133.84 Hz
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(b) ZHi%745289.02 Hz
(b) 2nd mode 289.02 Hz

(c) =M Hizs356.46 Hz
(¢) 3rd mode 356.46 Hz
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Fig. 6 The first three modes of butted cylindrical shell structure
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Tab.4 The first three modal parameters of butted cylin-

drical shell structure
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Tab.5 The working condition of hybrid modeling
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(b) Synthesis 2 (The rotational degrees of freedom are considered)
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Fig.7 Comparison of substructure synthesis results and

NASTRAN synthesis results
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Fig.8 Comparison of calculation results under different

working conditions (H,, ;)
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Tab. 6 Synthesis 1 (The rotational degrees of freedom are

not considered)

A R ST BIRIRZE/Hz W/
Brik  #%/Hz MiEE/Hz (MEXFR2E/%) dB
1 131 132 1(0.76) 8.28
2 / 289 / /
3 352 355 3(0.85) 17.06
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Tab.7 Synthesis 2 (The rotational degrees of freedom are

considered)
B TR TR BRIR2E/Hz  WE(EHIR2ZE/
Broc B /Hzo BR/He  (RIXER2E/20) dB
1 130 132 2(1.54) 0.77
2 / 289 / /
3 352 355 3(0.85) 13.47
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Fig.9 Schematic diagram of the second mode shape (at the

flange)
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Research on sub-structure hybrid modeling method based on
frequency response function for butted cylindrical shell structures

LI Xu-long', ZHANG Zhong®, DONG Jun-hui*, NIU Mu-qing*, WEI Sha"?, CHEN Li-qun'*
(1.School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China;
2.Shanghai Institute of Applied Mathematics and Mechanics, Shanghai 200072, China;
3.Science and Technology on Reliability and Environment Engineer Laboratory,

Beijing Institute of Structure and Environment Engineering, Beijing 100076, China;
4.School of Science, Harbin Institute of Technology, Shenzhen, Shenzhen 518055, China)

Abstract: In order to establish an accurate dynamic model of butted cylindrical shell structures and to solve the problem of lack of
information of rotational degrees of freedom in the experimental model of butted cylindrical shell structures, the frequency response
function based sub-structuring synthesis method is proposed. The equivalent multi-point connection method is used to approximate-
ly estimate the information of rotational degrees of freedom. Then the results are compared with the frequency response function re-
sults of the finite element method, verifying the accuracy of the method for cylindrical shell structure. At the same time, according
to the different ways of obtaining the frequency response function of the substructure and the degree of freedom of the interface, the
frequency response function based sub-structuring synthesis method is used for the hybrid modeling under various working condi-
tions. Combined with the vibration characteristics of the butted cylindrical shell structure, the hybrid modeling results under differ-
ent working conditions are compared and studied. Results show that the hybrid modeling accuracy of the butted cylindrical shell

structure can be effectively improved by considering the information of rotational degrees of freedom of interface.

Key words: cylindrical shell structure; sub-structuring synthesis; hybrid modeling; frequency response function; rotational degree

of freedom
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