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Dynamic modeling and updating for contact interface of rod
fastening rotor based on thin-layer element

MIAO Hui', ZANG Chaoping', LUO Xinyang®,
WANG Xiaowei' , LIANG Bo?

(1. College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Aviation Key Laboratory of Science and Technology on Aero Electromechanical System
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Abstract: In order to study the dynamic characteristics of a rod fastening rotor system
with complex contact interfaces, a method for dynamic modeling and updating of a rod fas-
tening rotor system with contact interfaces is developed based on thin layer elements. The
contact relationship of the rod fastening rotor parts was simulated by the thin layer element
of linear constitutive relationship. Based on modal test data, the connection stiffness of con-
tact interfaces of the rotor parts of pre-tighten status was identified by the hierarchical model
updating method, and then the dynamic prediction model of the rod fastening rotor system
was established via the identified connection parameters of the thin layer elements. The dy-

namic predictions of the rod fastening rotor were compared with the experimental data. Re-
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sults show that the mechanical properties of the contact interfaces under the pre-tightening

state of the tie rod can be simulated by using the thin-layer elements with linear constitutive

relation, and the normal and tangential stiffness of the contact interfaces can be simulated by

modifying elastic modulus of the thin-layer elements. The maximum frequency error and the

average frequency relative error between the updated rotor model and the test data were

0.6% and 0. 25% , respectively, and the updated model can predict the vibration responses of

its actual structure.
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rod fastening rotor; dynamic modeling; thin-layer element;

model updating; stiffness identification; dynamic prediction
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Fig. 1 Schematic diagram of rod fastening rotor of

air cycle machine
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Fig. 3 ~Step by step modeling and updating process

of rod fastening rotor
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Table 2 Convergence values of the updating parameters

PP AR/ GPa
X 4
GIRER WSUE

D1 20600 650
D3 20600 196
D6 20600 636
Cl 20600 545
C3 20600 507
C6 20600 260

T IERT/E 5% F RS R MR B R b

Table 3 Comparison of frequencies and SCO values of the rotor before and after updating

187N R/ He  BIERSAR/He  BIERHE/ % BIERFZE/% BIER Co/%  BIER Cw/%
1 783.3 784.4 9.1 0.1 99.7 99.2
2 785.3 785.7 9.0 0.1 99.0 99. 8
3 2267. 1 2260.3 5.6 —0.3 96. 0 97.3
4 2274.2 2267.6 5.3 —0.3 99.9 99. 8
5 3766. 6 3788.8 4.9 0.6 99. 8 99. 6
6 3795. 2 3791.3 4.3 —0.1 99.7 98.3
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