noF % #
Chinese Journal of Theoretical and Applied Mechanics

42 % ® 3 M
2010 %4 5 A

Vol. 42, No. 3
May, 2010

MELRFNBENBE N N FRE RIREH 5"

R

(AR MR R Z RSB, ®At 210016)

HE WS RPVENIRS, BTSRRI T - WahiR - SUER S 1% HER. ZRBAFNT
e (1) BRET. BHREIEZRHEIER; (2) BERT SZERAS R S U SOR K 5 b iR
RN, (3) Wi FH B AEMRI B R R R, B ABGSREEST o0 (4) BRTERIMARR, JE
PR %% B2 il DA B AR et VC(Varying compliance) #R3l;  (5) R T 57 5 HLIE 2 8] il BE i . 33 FH 4K
HRGTTER T M= RPN RS, 3. W& VC |Rahsrir, BMESRNIBEXN S RE KA
BRI, AR NM % 3R 55w B B 0 oA, 5 S e AR BE JB 3 S B0 3R 45 i B 1) 5 1 4 AT
GEJMAS A7 0 1 745 WL IS 4T DA B 4 e Al 8 o ot e 40 M 4.

KEIE MR, EHIRS, RBAZHNY, B

hESES. 0322, TH113.1  CER#RIAEL: A XE|HRS: 0459-1879(2010)03-0548-12

51

i1

WH, R S PL A e Bl AR SR AR E T
BLIE B, TBLE SOR AR B s ChLE, A
T VR B T I IR 3 LR R T B e SRR, AR
75 Tl 7 R 22 IR A I A SRR B R i B BEL R
%, B, EMZEEMHEIEE, MLEE, N
TG B 12 LM T #e ¥ - Bl - HLIEAR &
ARG WA R SPLE B KR W R, AATTE
B BCES FA TUART R T LA S 70 ) B ke PR B K 4
EHES  EREMAGMER. REEEEZ —iE
A5 /NRBIBLEE T F BT B, 7R e i R B ™
G (InSEAL B, AT, 2R E RN B,
TR0 JR T A IV B T R B
) B S SRR R T R B OR . RURBESR. M A
Ir T B Z AR 2 2 1.

] Py S 2 2 % BE SRR R R AT T BRI ST 15,
B X BT EE A R X TN Jeffeott ¥ B fi
A, HE G ETHRESH S LRETREME
BUR, MET LAY SE R AL 2 A Sh AL B A B iR 3l 28R A
il JEE R IR B R AL A% 33 PR IR A BROT R R Tt
SR T 3R 50 B Wi SR S R o SR L ) S P A4 e
B, BEIBRT B e H BB % P, SR (6]

2008-11-12 W F|%E 1 i, 2009-04-02 WF| & .

HTF NASTRAN A SL4A 5. 50 G il ) 7% 7 3l 14 bk ot
HAERR, X shVBHLEET T sh ot & At
ORI T E R TS RS S PLIF IR 3R B
SR HARNAE, it E P IERM EOTSE T A%
SS9 SRR A i T R G i A R O R T
SCHR (7] iz A BROTITERT T T 3 ) T - Bl
ARGHIRSIEE. S0k (8] 3R T —DIra % 8K
2y il A B it B s A e P B SR XU A R
JUAER, HEAT T M B R EIBRAS W AR SCHR [9)
R T — W TR R SIHLA R, 7
RBUERR S T T R ZR TR AT
HEma N, 2 RE T SRl R IR kAR Stk B R R
7 A 2 Pk DA R A e 25 5 S0 17D gl 7R A 1 R 2
2. SCHR [10] &7 T — A AR L P B I i R P A%
Bl R KU B R, 458 NASTRAN Ao
B MATLAB $fR 2847 3F 2tk Bl 05 54,
HotSEEAE TMRRER. R, XEBEHLIRS
A B O 0 T o 5 A A R R 1) R R R R
Gemang, HoRMSREIER R, rERA, BRKA
B W R R o,

R, ASCOREE . — BT R B3 T B 1 AR A,
AR TR e 2% 18 O A S TE 240 SRR SR B R R
R, iR Jy DL A ¢ 7 2t T e

1) BE ERAB IS (50705042) AfEZRl 254 (20072B52022) %HH A

2) E-mail: cgzyx@263.net



® 3 M

MR OREE s RS DL NLAR & 3h ) A T R Ak sh i

549

FRESHTZRESRPARIREUERE,
T 0 AT DS o AR R OR IR R T
B R A B, RS RS RA LR Z
IR ¥R 1 L P SRR i i 5 B2 s A5
R A& K AR LA T, VC Rl DU B [ 4
5 HLI B A A, AT S 20 A G Al B i e £
RFeT - WShBR - LA & Roesh 2R, &
J S B E R T AR R S ) AR P B, WF 5T
it = e s BLEE B 9 S LA
1 MELEHNET - KA - IEBSR
GizhH FHRE
1.1 #HRERER
B 1A E A KB T - BRI - HLR R
BRGNS AR Fe T2 58 O SE A A e KR 3

RERY, o Tl 5l 7 0 A8 O 3 4 P T SRR,
T Wi 2 MR R RS A& SR, %5 SRk ST
AHIBE IR RE JB A5 0. RIWE, 25 R AL K BT R
RV, HETRRFER, BT AP R B B, #s
WO TR s, JHETHE TSR
R TRD BT, DU e el P Yl S 7 2.

B 1d, me APDLE (EF) BiE; myp AETH
FITE; ML, mwr 29 A 22 R SRR SN BE T &
muL, muor AR AL ERE; E,I,L p, A
A3 AR R R SR B AR MR, R R, %
WA, AT ke A REEREMRIEE, Ky, &
AA RS B B NI RIS kwn, kv
43590 A 72 AR A1 B 5 7 i Al AR S AR 22 7] B )
B STARRI B com, v S A ZE B SNE 5 2

e,
o, $ ljlj c " k. kru [{] CRH
hY ) C:is ¢ ! kirv SNy RV
N l!f i | m
1 ! ™ F A
FyoL| § Ar Ml ky i yoR /TR
S | i |ELLp A
il = Se—— | 3
O 1 03 1 1 \
E\'bL ¢ I 02 F xbR $
oL ! 1 MR
N 6
kon 3 CfLH kru CfRH
kv § O cv kiry CRYV
A PO A
kcH/ 2 CcH/ 2
ch/ 2 Ccv/ 2

B 1 MRS T - WEhRR - MUER A& REsh sl

Fig.1 The rotor-ball bearing- stator coupling model for aero-engine
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Fig.2 Rotor model based on equal-section Euler free beam
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Table 2 The main parameters of ball bearings

R/mm
63.9

Cp/(N-m=2/3)  ro/pm BN
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Table 3 The main parameters of squeeze film damper
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(a) Time waveform (Ref.[14])

(b) Time waveform (this paper)
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Fig.6 The response in X direction (rotating speed is 300 r/min)
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Fig.7 Amplitude-rotating speed curves of rotor response under various support stiffness
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Fig.8 Vibration modes of rotor response at critical speed under various support stiffness
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COUPLING DYNAMIC MODEL AND DYNAMIC ANALYSIS FOR WHOLE
AERO-ENGINE Y

Chen Guo?®
(College of Civil Aviation College, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract In this paper, a rotor-ball baring-stator coupling dynamic model for whole aero-engine vibration is
established. The main characteristics of the new model are as follows: 1) the coupling effect between rotor, ball
bearing and stator is considered fully; 2) the flexible support and the squeeze film damper (SFD) are considered;
3) the rotor is considered as Equisection Euler Free Beam model, and its vibration is analyzed through cutting
limited modes; 4) nonlinear factors of ball bearing are modeled, such as the clearance of bearing, nonlinear
Hertzian contract force, and the varying compliance; 5) rubbing fault between rotor and stator is considered.
In this paper, the numerical integral method is employed to obtain system’s responses, and the whole aero-
engine vibration characteristics are studied. Research topics are investigated, such as ball bearing VC vibration
analysis, effect of elastic support stiffness on the system critical speeds, effect of cutting modes number on system
responses, sudden-adding imbalance transient response simulation, and rotor-stator rubbing fault characteristics

analysis.

Key words aero-engine, whole aero-engine vibration, coupling dynamics, rubbing
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