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Fig. 3 Sketch of circular plate with shroud
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Table 1 Parameter values of blade group
Parameter Value
Inner Semi Diameter R;/m 0.2351
External Semi Diameter R,/m 0.3542
Mass M,/kg 8.9402
Moment Inertia Ib/m4 0.3596
Mass Density p,/ ( kg/m®) 7800
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Table 2 Parameter values of shroud

Parameter Value

Height b/m 0.0295

Width d/m 0.0013

Mass Density p(X> /(kg/m*) 7800
Young Modulus E/GPa 211
Poisson Ratio u 0.3
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Table 3 The natural frequencies of initial and reduced model

0 Diameter 1 Diameter

Frequency of Initial Model 341.28Hz 263.64Hz

Frequency of Reduced Model 326.89Hz 278.24Hz
Relative Error -4.22% 5.54%
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A COUPLED VIBRATION ANALYSIS METHOD OF
BLADED DISK MODELBASED ON EQUIVALENT BLADE GROUP
OF ANNULAR PLATE WITH VARIABLE PARAMETERS*

Jiang Meng Zhang Meiyan Tang Guoan'

( Department of Aeronautics and Astronautics, Fudan University, Shanghat 200433, China)

Abstract Rotor systems are mostly applied in rotary mechanical devices, which play important roles in aviation,
electric power, mechanical and many other industries. These systems usually consist of shafts with multistage im-
pellers, but a series of issues related to strength, fatigue, vibration and noise are needed to be solved. It is in an
urgent to improve the performance of such products by optimization method. In rotor system, each impeller con-
tains a blade group that composed of dozens of blades, so the DOF of the entire rotor system is still large, al-
though the rotation period characteristics of bladed disk is used in finite element method. Therefore, the calculat-
ing efficiency is still needed to be improved. For this purpose, the single bladed disk can be regarded as a de-
signed subsystem according to aerodynamic performance requirements, and the simplification of the finite element
model for the blade group is an effective way to improve the computational efficiency of coupled vibration of blad-
ed disk under the premise of obtaining enough precision. In this paper, an equivalent analysis method is put for-
ward to simplify the blade group into an annular plate with variable parameters based on the criterion that dynamic
characteristics can be approximately the same. Physical parameters of annular plate including geometric and ma-
terial parameters are obtained by theoretical derivation and calculation. Eventually, the equivalent method is veri-
fied by taking a bladed disk model of aero engine as an example. It shows that model reduction can ensure the
precision with improving computational efficiency. Therefore, the equivalent analysis method is an efficient mod-

eling approach of bladed disk for the future optimization of the whole rotor systems.

Key words vibration, blade, disk, rotor, model reduction
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