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Dynamic response of maneuvering flight friction rotor
with variable stiffness bearing

LI Xiaopeng, CHEN Renzhen, SHANG Dongyang, CHEN Yanwei

(School of Mechanical Engineering and Automation, Northeastern University, Shenyang 110819, China)

Abstract; To study the nonlinear dynamic characteristics of high-speed rolling bearing-rotor coupling system in
maneuvering flight, the mathematical model of bearing-rub-impact rotor system with time-varying rigidity of rolling
bearings in climbing-diving maneuvering flight was established by using finite element method, and the dynamic
equation of the system was solved by Newmark-3 integral method. The interaction between the time-varying stiffness
of rolling bearings and the non-linear dynamic characteristics of rotor is considered in this model, as well as the
influence of the eccentricity of rotor and the radial clearance of rolling bearings. By solving the model, the time-
domain diagram, frequency-domain diagram and bifurcation diagram of the system under different states are
obtained. Based on these, the time-varying characteristics of the stiffness of high-speed rolling bearings, the
interaction between the stiffness of bearings and the dynamic state of rotor, the non-linear characteristics of the
bearing-rotor system, the influence of the maneuvering flight state on the system and the dynamic response of rotor
system with rub-impact fault in maneuvering flight are analyzed. The results show that the time-varying
characteristics of bearing stiffness, which is one of the factors restricting the maximum speed of the rotor system, is
closely related to the dynamic characteristics of the rotor system. Because of the maneuvering load, the complex non
—linear dynamic characteristics will be generated in the rotor system, but when the speed of the system is low, the
stability of the system will be improved to some extent due to the introduction of maneuvering loads. The stable
motion interval decreases with the increase of rub-impact stiffness.

Keywords: rotor dynamics; nonlinear dynamics; bearing time-varying stiffness; maneuvering flight; climbing-

subduction state

PLEN RATHE WHL CAPIRZS BN SO B’ AT RAPIRZAS SR B sl 71 BIAL S 2er 51 A B s
T8 JEXHI s RS RE P 248 b . HLsh  REWUE T R G OO T R AR B
FIRA. ERLESHOT, T e R SR E AR,
XS K BHIL Y 22 s A o ™ R AL, AR

B 2019-01-03

BETE . EHEKAAREHA (51875092) ; GEoLbr TAES AR, SR ) W BE e ik 2 52 5 T8 3
R AR A2 5 2242 (U1708257) IR AL SRR A Y TR EE T8 2k S A
EEBA: /N2 (1976—) , 5, 5082, WA/ S REH Wﬁﬂfﬁﬂflm’ﬁﬁ%qigd\m'“ J“;Z”f
BRIHI(1987—) 95 BB 5 St R O A A P 52 i T 2 A AR Al S 4 A

BIRAEE : B/ xpli@ meneu.edu.cn 25 B AMUAENL S RATIRAS F 5 5 352 47 At



-2 /S =S B A N S ¢

52 %

b, BEEE R R 55T REMERG  HR G %
B SR ZL AR TR

—HLLOK, R sl R -5 T R G T
SR T B Harsha 2512 €7 T % K
748 ) V) Bt B 8 T 9 T g 680 2 45 TR 3R 1 R 9 BR A 7 —
EHUE TR Liew 20 52T Hertz BHIE X 15
ARG R s R NI BE B B AR RRAE R AT T A M
. Petersen 25 HY T — A>T AR 48 A A A I
JEE VR Sl AR AR | il 5 e 1 N AR 4k
AT TR R BT, 2 am  HE AL T B RO
3 BRIy b R 0 I A IR T F) v VR
SRR I T AR AR BE . Cao 4510 4R
T — B BT NIE ST TR shl R -5 T R 50
SNASEBT A IR T TSGR UE. Wa T RN
ST I 56 ZR ST T IR R T A R S R 5
BEA IR AL 5 PR o8 T R e X 5 7 &
GE R R

Batailly 25 FI| FIASE 25 A8 A 4% 4 2K 5 U5 1)
i A R AR R B R SR TR B
H IR 3L 058 1 ik A FAIL I 18] A Rl J2E ] 8. Groll
SEOTRRI T — R ik SRR T REEE RS T RS
s S AR e T, TR T A 1 AR, 0T T R G
432547 R, BRILAED ST T 2 e R O sh A i
[0 B Pl PEE AR e X A5 78 %) il B8 Ry P 26 4T T
3. Ma 26U 00T T R EE 5 AU R A B 1 2 I
Tlf B 5 9l R 2K R B R 5 20 2.

W RS T LS KATVE R R R % IR
SR 2 W S P55 1 R G0 0 AR ek Bl g 2 i
N AEXSHLBh CA TR A 5T ST 8 N7 R AR Ay ] B T
BBl % TS )R 4 ATiE sh A 4y B L shEk fr i
WS R AR R I H RS T KL
TEMAT LB AT Z 85 7 R GE sl o e,
FBUE T EMTIE T RBLTE K S A b 3
AL AT 5T RGN 3 J1 245 . (B &
T MR, 2 T K AR M R X R G
Hou 25" HESy TR shl R 3K N 5 T R G 15
BLsh RATZAF T 1 8 1 48003 O i, 98 HL 2% 8 T ik
JEE Ty AL S, A (B IR I 5T T WL Bh 284 X &R
SR AR L Bl Jy 25 .

SHEESE B AT A S bR T R - 5 R G
Y25 FRVR Sh iR s A8 NI B 5 5 T AR Gtk 8 1 4
PEZ [ A B2 ], A SCEE S T IE T —fF v ALzl &
TR B sl s i 25 W 2 19 B 7 - Bl R 2 7 R
GBS T SR KR G AR B S 5 T sl A A
PERI A B FR B9 T HLSh 2R Ao X R e AR 4k )
FIFRFE B FE I, A3 HIT TPl EE I ) A T B

TR T Z B A B 1 S
1 RGEA

L1 N UTRETHR-F T REHEE

P 1 72 W JE A 7R — Rl EE e 1 AR e A BROTAR T2,
P BRI T 1 A X AR SORWIE &, 5 Ky,
AR , [R5 R AE T A0 5 Ab K A B R i, ot
A0 IR PRI i o SR B AR AR 1] (] B3 14 52

L L L | L

I I

T
1 2 3 4 5 6
T 6—EE R B R ;W 2 S—EE R R R m, om,— FE4E
1.2 BSEP G my, sy, — &2 A SRR A S it ey e, — §%
LR BRI T, J (o= 1,2) — 8 1R 2 R SRR
WA BBttt s kyy ey — 72 AT SCEERMIR IR BE s, vorp— 726 AT HIR
SN 5k 7R 1 3 B RELE K, — RSB s, — PR DRI 4K

E1 HF-RKIHRRGEE

Fig. 1  Rotor-bearing system model
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Fig.2 Bearing model with time-varying stiffness
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Fig. 3 Flow chart of the dynamics equations
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Fig.4 Time-varying stiffness and response of the system

1.0 1.5 2.0 2.5 1.0 1.5 2.0 2.5
@/(10° r*min™") ®/(10° r+min™")
(a) ERIE (b) JE 91722 W g
5 ANEHARET %4500 R

Fig.5 System response under different bearing stiffness
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