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Modeling method and dynamic characteristics of high-dimensional

counter-rotating dual rotor system
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(College\of Energy-and Power Engineering,
Nanjing University of\Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To make up the deficiency of the finite element method in predicting dynamic
characteristics of thé dual-rotor system with local nonlinear, high-dimensional nonlinear dy-
namic model §f dual-rotor system was established with finite element software and fixed in-
terface modal synthesis method; subsequently an implicit time-domain method was presented
to solve the problem using the Newmark algorithm ideas, and the computational efficiency of
this method was largely dependent on the number of degrees of freedom at nonlinear forces’
location. Considering the nonlinear forces of squeeze [ilm damper and inter-shaft bearing, the
nonlinear dynamic response characteristics of the counter-rotating dual rotor system under
dual imbalance force were studied. The study shows that there are some combinations of
these two rotation frequencies in system response, in addition to rotation frequencies of the
internal and external rotors. Besides, bifurcation and chaos emerge in system speed bifurca-
tion diagram and the critical speeds decrease slightly with the increasing inter-shaft bearing
radial clearance. The axis orbit of the system will be of a petal shape, which is basically con-

sistent with the experimental results.

Key words: counter-rotating dual rotor; squeeze film damper; inter-shaft bearing;

modal synthesis method; finite element; nonlinear vibration
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Fig.5 Finite element model and detailed structure of counter-rotating dual rotor system
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Table 1 Elastic support stiffness
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Il /
10° (N/m)
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Table 2 Unbalance value of every disk

N F ST
#1 4 2 3
AT ar/
2 4 1 2
10 7 (kg * m)
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Table 3 Parameters of inter-shaft bearing

WHEERE n/mm AMEEZE n/mm BTN, NI k. /10°(N/m*®)  ZFWEER ¥/pm

HE 9.37 14.13 9 7.055 6
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Table 4 Parameters of squeeze film damper

Wi+ S
FHJE %% 1 FHJE %% 2 RHJe #% 4 FHJE %% 3
FHJE #2148 R/mm 20 25 18 35
BHJE %5 56 B D/mm 15 15 15 20
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BN FEE /10 * (Pass) 1.0752
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Table 5 Critical speeds of rotor system under

different radial clearances
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Fig. 14 Experimental results of Ref. [8]
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