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ABSTRACT

In aeronautics field, the one or several connecting surfaces of the engine are slippage in the
working state due to thermal deformation, axial force increase, assembly error and rub-impact, which
will cause the high pressure rotor non-concentricity, and ultimately lead to exceed the standard of the
aero-engine vibration. However, there are few models for the analysis and research of the aero-engine
rotor non-concentricity. In this paper, the vibration mechanism and its application of aeroengine rotor
non-concentricity are studied. The main research work is embodied in:

(1) The vibration mechanism of the rotor non-concentricity is studied.The coupled dynamic
model of the rotor-rolling bearing is established, and the effects of rotor bending and mass eccentricity
on the vibration of the rotor-roller bearing tester are simulated. The results show that: when the rotor
bending and the mass eccentricity are considered separately, the fault features of both are basically the
same. But when totor bending and the mass eccentricity are considered simultaneously, the amplitude
of the displacement at the turntable is not the sum of the displacement amplitudes in the case of two
separate fault considerations, and when the mass eccentricity is in a certain eccentric phase angle,the
vibration amplitude of the tester will decrease.

(2) A new testing method of the rotor bending is proposed, and the test system of rotor bending
was developed to realize the on-line test of the bending degree of the rotor and the dynamic display of
the bending state at the same time.Then the eddy current displacement sensor is used to measure the
bending vector of the different cross section of the rotor. The bending vectors of the cross section
centroids with respect to the rotation center in the same absolute coordinate are obtained. Finally, the
rotor with initial bending was tested by dial gauge method. Through comparison and analysis, the
results of two kinds of measurement methods are basically coincident with each other, which fully
shows the correctness of the proposed method of measuring the bending of the rotor by eddy current
displacement sensor.

(3) In connection with double-rotor areo-engine, the vibration model of the aero-engine with
high pressure rotor non-concentricity faults is established, and the influence of the different phase and
different size of the rotor non-concentricity on the vibration of the whole rotor is simulated and
analyzed. The results show that in the actual control of the aero-engine rotor non-concentricity, the
rotor non-concentricity phases of the each sections of the rotor are different as far as possible. Finally,
the problem of excessive vibration of the whole engine during the running from the idle to the
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maximum speed is analyzed by using the high pressure rotor non-concentricity faults (axial bending).
The results show that the high pressure rotor non-concentricity faults (axial bending) is the dominant

fault.

Key words: Aeroengine, Non-concentricity, Rotor bending test, Aero-engine vibration modeling,

Numerical integration methods, Fault diagnosis
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BB p(kg/m’) 7.8x10°
A L 0.3
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MRij =—Mpuy
M R2yj — -M Rlyi
M R2zZj — M Rl1zi
4.2.1.4 PLE SHLEBEMER

PR LI 55 AR B ] () 5 4 CCL (K =1,2,..., N, BH BRFR A PR LI (1) 285 0 /15
KU AMEHLIR 5 | AN SR, ISR R IR Ak, AR Ak, AR BELJE
Cy» fHMIBHEH Cy wxﬂ\wwl%l:%l/\”ﬁl?Wﬁfﬁ: Xotis Yetis Zetis @eri>Weiio Ouyi 1 LN
Xeti> Vo> Zetis BotioWeris O+ ANEHLIEES | AATRLAIRIEEH X5 Voo s Zea o oo Wiy Oy ¢ I
B XY Ly o P 1Oy o W AR I PR BL B S TSN A b R
F

clxi? Fclyl’Fclzi’Mclxi’ Mclyi’Mclzi ’ U‘ & 'ﬂE ﬂ% %E §]\ ?l%l *ﬂ-‘ ]E Eﬁ J /I\ dﬁf )ﬁ J: FI(J jj %D jj %E
F c2xj 2 FcZyj ’ Fc2zj’ M c2xj 2 M c2yj ’ M c27j A
ClXI k (XCZJ c1|)+c (XcZJ_Xcli)
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Fg =~ Faa (4.11)
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Xeis Yeis Zi»Piis Wei» O » HFE N2 XC,,yC,,zC,,¢C,,y/C,, o )'M’Eﬁﬁf*ﬂl:ﬂﬁliﬁﬁjﬁﬂjﬁﬁ/‘

VIPSE

F = kcx Xcl ch Xcl

I:c i~ kcy Yo — cy ycl
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HUE SRS HL, ALHE 4 DSOS SRS EG R 412 WG -3 PR N BRSOk SE, £ 413 4
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K42 HRBH

S LPC#1 LPC#2 LPT#  HPC#3  HPCHi4 HPC # 5
Fii/kg 50.292 51.17 73.115 38.296 12.185 9.1364
BB PER Jgp/ (kg m?) 2.7899 3.6826 4.9238 1.2213 0.3909 0.2796
TRIEMWEH Jgp/(kgm®) 1.2642 22279 29174 1.1242 0.1685 0.1318
Fa.2 s
ZH HPC % 6 HPC %% 7 HPC %% 8 HPC # 9 HPT #%
Ji 8.6804 8.2476 8.2278 9.4462 78.436
WARPES Jgp/(kgm®) 0.2553 0.2433 0.2433 0.2676 3.6223
FREBEA Jgo/(kgm?®)  0.1196 0.1134 0.1135 0.1306 1.9459

4.3 #HT RS
PR E/Pa 15 p /(Kg/m®) MEL V= A7] LB JE & %a,  HEHIBHJE R %o,
2.03x10" 7.8x10° 0.3 5 1.35x10*

R4 4 RIEF T 1 BURSH

2 AAFR/mm AME/mm W 1%/mm
1 673.50 160.00 126.00
2 -557.50 446.00 440.00
3 -371.10 201.60 190.00
4 -298.90 136.00 121.00
5 -56.70 130.00 88.00

4.5 RIEH T 2 BURSH

P AAFR/mm 4ME/mm W2 /mm
1 -56.70 100.00 92.00
2 57.80 100.00 92.00
3 157.80 100.00 92.00
4 257.80 106.00 98.00
5 382.80 106.00 98.00
6 482.80 106.00 98.00
7 582.80 106.00 98.00
8 682.80 106.00 98.00
9 782.80 106.00 98.00
10 982.80 106.00 98.00
11 1082.80 106.00 98.00
12 1209.38 106.00 98.00
13 1260.40 130.00 100.00
14 1299.40 140.00 110.00

46 MR E TR SH
e AAFR/mm AM#E/mm W 4%/mm
1 190.70 140.00 108.00
2 285.30 255.50 244.10
3 371.90 397.00 393.00
4 431.40 418.30 414.60




HI SRR A 18

Fa6 (B
5 482.80 418.30 414.60
6 535.90 418.30 414.60
7 580.40 418.30 414.60
8 622.70 418.30 414.60
9 665.50 376.00 372.40
10 749.00 329.80 372.40
11 886.90 329.80 372.40
12 1024. 60 330.00 323.20
13 1074.90 250.00 230.00
14 1209.50 180.00 155.00

4.7 HLE MRS

SRR E/Pa ¥ p/(Kg/m?) THIA L 1 LeHiIBR Je & o, HLBIFRJE R ¥loy

2.1x10" 7.8x10° 0.25 5 1.35%x10™

4.8 WKL B S AL

2 AAFR/mm 4MME/mm W 4%&/mm
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