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Characteristics Analysis of Aero-Engine Whole Vibration
Response with Rolling Bearing Radial Clearance

WANG Hai—fei, CHEN Guo

(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: For the sensitivity problem of the effects of rolling bearing radial clearance on the whole vibra-
tion at different supports in the aero—engine support system, a model is established for a real engine rotor—bear-
ing—casing. The rotor and casing systems are modeled by means of the finite element model. The support systems
are modeled by lumped-mass model. Rolling bearing radial clearance and strong—nonlinearity of Hertz contact
force at four different supports are considered. The coupled system response is obtained by the numerical integral
method. The characteristics of the whole vibration response are analyzed. For the support S,, which influences
the whole vibration larger, the rotor, outer ring of rolling bearing and casing response characteristics at different
rotating speeds are analyzed. The nonlinear contact force law which changed with time and rolling numbers and
the changed load law of the rolling bearing are analyzed. The influence on contact force by the radical clearance is
analyzed. The results show that the higher the rotating speed, as the clearance increases, the more obviously ac-
celeration amplitude jumps and lags and due to the variable stiffness of the rolling bearing, when the stiffness
changes fiercely, the natural frequency is excited, that is frequency—locked phenomenon. When the radical

clearance is large and the rotating speed is between two order radical speed, the rotor sometimes squeezes and
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sometimes does not squeeze the outer ring, that is, instability phenomenon occurs. Reducing the radical clear-

ance can increase the rotor stability and reduce the whole vibration.

Key words: Radial clearance; Whole vibration;

anced force
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Fig. 1 Rotor-bearing-casing model sketch map of a type of
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P 3 S 98 sl il R R T s R TR s il R 2 B8
F189 AN V- 15 B Dl K 7 A 32 38 Ik 3, HE AR B R O B
14 T e At 3 [ Bt 9 Sl ik RCRs 7 28 R T A R I
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Table 2 Parameters of rotor
Parameters Disc P, Disc P, Disc P; Disc P4 Disc Ps
Mass m,/kg 3.88 1.41 5.17 10.28 10.28
Cross—polar inertia Jy/(kg*m’) 0.03 0.003 0.03 0.05 0.05
Cross—equator inertia Ju/(kg* m’) 0.02 0.002 0.03 0.03 0.03
Elastic modulus E/Pa 2.07 2.07 2.07 2.07 2.07
Poisson’s ratio u 0.3 0.3 0.3 0.3 0.3
Density r/(kg/m’) 7.8 7.8 7.8 7.8 7.8
Proportion damping ratio a, 5 5 5 5 5
Proportion damping ratio a; 1.35 1.35 1.35 1.35 1.35

Table 3 Parameters of casings

Wall thickness/mm  Elastic modulus E/Pa  Density p/(kg/m’)

Poisson’s ratiop  Proportion damping ratio ao

Proportion damping ratio a;

15 2.07x10" 7.8x10° 0.3 5 1.35x107
Table 4 Parameters of ball bearing

Rolling Outer raceway Inner raceway  Ball number Contact stiffness Bearing Outer mass  Bearing carrier

bearing radius R/mm radius r/mm N, CJ/(N/m™) clearance ro/pum m,/kg mass mi/kg
S1 395 29 13 12.4x10° 0 2 10
S2 395 29 13 12.4x10° 0 2 10
S3 32 17 14 11.9x10° 0 2 10
S4 32 17 14 11.9x10° 0 2 10

Table 5 Support parameters of rotor-casing

Supports Node of rotor Casing (node) ki /(N/m) ¢/(N+s/m) ke/(N/m) ci/(N+s/m)
RC, 3 2 1x10° 2000 1x10° 1000
RC, 1 9 1x10°* 2000 1x10° 1000
RCs 11 16 1x10° 2000 1x10° 1000
RC, 8 22 1x10° 2000 1x10° 1000

Table 6 Spring collection parameters of rotor-casing

Collection Node of rotor Casing (node) ko /(N/m) /(N +s/m) kg /(N/m) ¢y /(N+s/m)

RK; 6 4 1x10° 0 1x10° 0
Table 7 Collection parameters of casing-base

Supports Node of rotor Casing (node) k/(N/m) ¢./(N+s/m) ke/(N/m)
CB, 8 1x10° 1x10° 2000 0
CB, 23 1x10° 1x10° 2000 0
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Fig. 4 Solving flow for rotor-support-casing coupling dynamics
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(¢) Considering the radial clearance at S;

(d) Considering the radial clearance at S,

Fig. 5 Amplitude-speed curve of casing acceleration response under different clearances at different supports
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Fig. 8 Frequency response at the ninth node of the casing

Table 8 Natural frequency of the rotor system

Order 1 2 3 4 5 6
Frequency/Hz 187 290 368 505 985 1155
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Fig. 9 Cascade plot of casing acceleration response with radial clearance at different supports
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Fig. 12 Bifurcation diagram of the rotor displacement changing with the rotating speeds at different supports
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Fig. 13  Orbits of rotor-outer ring, Poincaré map of the rotor and waveform of casing acceleration and
spectrum when the rotating speed is 2kr/min
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and spectrum when the rotating speed is Skr/min
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Fig. 16 Orbit of rotor-outer ring, and waveform of casing acceleration and spectrum when speed is 12kr/min
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Fig. 17 Orbits of rotor-outer ring, and waveform of casing acceleration and spectrum when speed is 16.1kr/min
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Fig. 21 Orbits of rotor-outer ring, and waveform of casing acceleration and spectrum when the speed is 35kr/min
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Fig. 22 Evolution of the contact force for each ball at different rotating speed
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Fig. 23 Evolution of the global contact forces of the rolling bearing at different rotating speed (N)
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Fig. 24 Evolution of the contact force for each ball in different radial clearances
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Fig. 25 Evolution of the global contact forces of the rolling bearing in different radial clearances (N)
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