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Vibration analysis of peeling fault of intermediate bearing outer
ring based on whole aero-engine

CHEN Guo', HE Zhiyuan', WEI Xunkai*, YU Pingchao'

(1. College of Civil Aviation,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Beijing Aeronautical Engineering Technical Research Center, Beijing 100076, China)

Abstract: In view of the problem of outer ring fatigue peeling fault diagnosis of interme-
diate bearing in a typical double-rotor aero-engine, based on the vibration coupling dynamic
model of aero-engine, the early peeling fault model of outer ring of intermediate bearing was
introduced, and the vibration response of aero-engine was obtained by numerical integration.
The fault features of intermediate bearing with peeling off on outer ring were extracted and
analyzed. It was found from the signal analysis that: (1) there were 4 times of the character-
istic frequency of outer ring fault and the modulation sidebands with the outer ring rotation
frequency taken as the interval on both sides. (2) With the increase of unbalance, the char-
acteristic frequency component was basically unchanged, and the sidebands became more
prominent. (3) With the increase of bearing clearance, the impact caused by outer ring fault

was more intense, and the characteristic frequency and modulation sideband frequency were
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significantly increased. By comparing the fault characteristics of the signals from the bearing

housing to the casing, the results showed that the impact caused by the early fatigue peeling

of the intermediate bearing transmitted to the casing from the bearing housing could produce

a great degree of attenuation, and the bearing fault characteristics basically disappeared in

the casing measurement point signals.

Key words:

double-rotor engine; whole aero-engine vibration; intermediate bearing;

fatigue peeling; fault vibration analysis
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Fig. 1 Structural sketch of a double-rotor aero-engine
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Fig. 2 Sketch of dynamic model of a double-rotor aero-engine
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Table 1 Finite element nodes of rotor and casing

1 figis i R 1A 386 L St L I
Bk JEAHLEE T W T e CHE A P 386 L) CHE A MR B P
T EE 7 13 17 16 30

R2 BRFNIEXIRERINESH

Table 2 Dynamic parameters of connection between rotor and casing support

S Pl 15 Tl R A M 5 R AR R 5 PLIE AR A 5 HLIE

FOTLMCOR - SME WURIE e e thﬂﬂ’]i%lﬁﬁ)ﬁ/ > I 3 4 R zwnm LB/

4 B pidt/kg i /keg

10%(N/m) +s/m) 10" (N/m) +s/m)
SI(RCD) 1.00 10. 41 5.0 2000. 0 5.3 2000. 0
S2(RC2) 1.00 8. 41 3.5 2000.0 13.0 2000.0
S3(RC3) 1.00 10. 41 5.0 2000. 0 13.0 2000. 0
S4(RC4) 1.00 16.72 3.5 2000. 0 13.0 2000. 0
S6(RC6) 1.00 20. 02 5.0 2000. 0 2.6 2000. 0

x3 HNEMEMIKEENNFZSH

Table 3 Dynamic parameters of connection between casing and foundation support

LI - il x A2 1 2RI/ x A2 L BLJE / v Bl R/ y R/

44 10° (N/m) (N/m) 10° (N/m) (N +s/m)
CB1 1.0 2000. 0 1.0 2000. 0
CB2 1.0 2000. 0 1.0 2000. 0

T4 RERTHEHBINFSH

Table 4 Dynamic parameters of low pressure rotor coupling

12 1) W B/ Z e/ £ 1) W B/ 1] e /
I 25 44 oo - N -
10° (N/m) (N e+ s/m) 10°(N « m/rad) (N e+m-s/rad)
RRC 1.0 0 1.0 0

RS BRTF-RHRTFPNBRERDNFSH

Table 5 Dynamic parameters of rotor-rotor intermediate bearing connection

A Rl 5 Tl g AP 5 il 7K g WK B 5 AN MK 5 AN T
Z (8] 1 3 B W/ ZIEJE’J ERERHR /2 A N/ Z IR 1 1 2
10* (N/m) +s/m) 10* (N/m) BHJE /(N « s/m)

hoER  AhE b 7R
SORZFE Bik/kg Bk /ke

S5(RRM) 1.0 1.0 2.5 500. 0 2.5 500. 0
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Table 6 Dynamic parameters of casing-casing support

. %?VJUF}E/ Zm e/ ‘ﬁarﬁJVJUFi/ i mBHE /
10%(N/m) (N« s/m) 10° (N » m/rad) (N +m -+ s/rad)
cC1 2000. 0 1.0 100. 0
CC2 2000. 0 1.0 100. 0
x7T HKEEASH
Table 7 Ball bearing parameters
BR A7 B S SO 2 BRAh K SR A BRER SR 6 BR AR
RBH®HH 17 17 22
[ H A%/ mm 184 184 120
RERH R/ mm 24. 606 24. 606 12. 000
B/ mm 0 0 0
WG B2 fil A1 / rad 0 0 0
P Bl il AR 242 /mm 0. 520 0.520 0. 520
S8 ¥ it #8247/ mm 0. 520 0.520 0. 520
P Bl 7 1 A 4/ GPa 210 210 210
S B WPE A i/ GPa 210 210 210
A RELH AL Fe 0. 300 0. 300 0. 300
SR A T 0. 300 0. 300 0. 300
& fil ¥ % 1. 500 1. 500 1. 500
*8 EERFHXRSH
Table 8 Roller bearing parameters
B A% VR F Ak B S ST 1 AR VR F AR SR 3 R R B R ST 5 BAR VR F Ak
RTHH 28 28 34
I8 B A2/ mm 112.5 112.5 125.0
BT HAA/mm 9 9 8
T Bt/ mm 0 0 0
A/ mm 0.02 0.02 0.02
AR E /mm 14 14 12
HZ&BKE/mm 7.77 7.77 7.717
LR 10 10 10
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Fig. 3 Rotor-casing support
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Fig. 4 Intermediate bearing support in rotors
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Fig. 5 Solving flow for rotor-support-casing coupling dynamics
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Fig. 6 Sketch of outer ring damage
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Table 9 Geometric parameters of an aero-engine intermediate bearing

Bk ST WTHHZ W E4Z D/mm WTHRZ d/mm He fil £y / rad
5 4 V& F b R 34 125.00 8. 00 0
F10 NHAHABVENEBEEZ EHNS
Table 10 Measuring points on the transfer path from intermediate bearing to casing
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without considering the unbalance of high

and low pressure rotors
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only considering the unbalance of low-pressure rotor
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low pressure rotors at the same time (fault-free intermediate bearing)
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