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Abstract: To further study the mechanism of the rotor-ball bearing system with multi cou-
pling faults, the effects of torsional stress, shear stress, gyroscopic and moment of inertia on ro-
tating components were fully considered, Timoshenko beam elements and disk elements were
used to model the finite element of a rotor system. By assembling the dynamic model of ball bear-
ing and fault models of unbalance, misalignment, rubbing, crack and pedestal looseness, the
dynamic equations of the rotor-ball bearing system with multi coupling faults were obtained. The
displacement response of the rotor-ball bearing system was obtained using Runge Kutta method

with variable step length, and response was analyzed using bifurcation diagrams and poincaré
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maps with mass speed and time-domain waveform, axis orbits, phase diagrams and frequency

spectrum at the fault areas. Fault features and dynamic characteristics of the system were studied

and explored. As a result, abundant nonlinear phenomena such as periodic motion, quasi-period-

ic motion and complex quasi-chaotic motion were found. Additionally,

characteristics of faults

such as unbalance, misalignment, rubbing, crack and pedestal looseness were indicated during

each nonlinear behavior.

Key words: rotor-ball bearing system; multi coupling faults; finite element model;

features of faults; dynamic characteristics

TG F R GRS FE D H SR PR K L
SRR ) B A R R O A B — R Y
RN, M 2 PR IR MRS B A
BRI 2352 0 . 7%+ R G — R ARG MR ¥
SHEEE AR E SR W BRRT —8A
200 MW 548 & HL ML H T 24 20 F i 15 2 A S5
B EC R W )52 T E R EHHIR
5 6 il 1 P 154M B R L& WL & shBLEE T R 4
il AR A Bl DA AT A% Sl il 5 I A R 4 S 2
ke B W) B % A, 1 B RALFE 25 24 10 min J5 ™
B4 DTl S S R, R TR IO I, R AT
T R G L R A WU B 95 A o AN LR
WA R 5 R GRS A — B i
S BLAK 5 B 12 W 450 35 11 A 0 5 T ) A, L
WO E B RGN A R AL E T K )
F12E R E BT

H T, & T 2 BB 3 T 7 G0 d 15 K 8l J) 2 4
PERBF5E  F 2228 B T s B T A
Yang S EE ST TR P - R EE R (4 5 T R
G55 J1F R, 4y 2 B 0 B0 T D T S A
TET AT 335 ] A5 o3 AT 1 AN SV - il B R R
YE T ¥ 7 & G 00 BB Re A R Bl ) 2 R
Wang 45" HE N7 TR PR 6 R Y 3R T R
G o)y 1 2R S OE A B RS B B IE 4R T
BN 7 R DA B - 0 iR o R R A L e
JE DL R0 135 1] S5 R AE T A S5 - AN 5 Rl A i
B YRR AIE o 25 S SR FH 4 v JB v R R A B
A5 i 33 7 1 AR 6E v -l PEE A G 1 22
B 5% 1 R G0 8l 1 R JF HEAT T AN S Al EE
AN A AN L B AS S AN X -l FEE 1Y) 22 i
SCI W UE T 3 Sy 2E R A AT skt . Xiang 7R
T 2 0l E T S O RS B B 1 e R G B ) A
BEARL IF ot H Bl 22 R v R AT T A O B S
B, #8578 T BT HE A AL 7E 22 SR VR T A i) R
TEFNAE L o Jy 2 FUAHE . | A5 %R H Lagrange

Oy TR A SE T 4 80Tl BE NS 80N N v Y 5 T
ARG 8h Jy A T o s A B0 L B
ST A R4 R R T T EE A AL () Bl ) 2R
N FR G A BORE R A ST AR I T S K
P o AT G S5V HE ST TR T FR G0 A L EE -2 B0
Sl AL VR A AR Gtk B Jy 2 AR T T
Z A RUAE Z2 Bl 250 1 3h T 2 et B T
R G L A LB A A ST AR T R

SCHR[4-9JAE RO T 5% F R Gk A I3 e 1) e A
T5 3k Bl Iy 2R O e R G SRR A P
Wit TS S B AT 2 2 R5
PR 3 B2 LR B B, T X6 AN SF- A AN % el
JBE 2L SU RN b Bl 45 22 B I W] A D 0 LS o - &R
G FEA SR A L AR BLSE T 0w 3 Rl LA ik
B G 1)1 0 R R R AR X L — e B 5
T T RGN RREIEIT TR Ha SR A E
KA S R, F R b 3 S 3 W VE R B 8
SRR

AR SCE e T R R A AR BT ) i B
AV 35 1) JE 2 A0 A P R ) R S B R R S
B 52, 5% B Timoshenko 2 857 Fl s 4% 85T 4
ST T RGN A BRTRAL . ARG TR A BRIT
B rh B2 1T VR Bl K Bl 0 2E BB RO Sl R
Xif e Rl SRR B R A B R R R . R
SR S #5 K e 6 PR 3 1 %t 2 W s 7 1 - TR sl R
RYLN B 1% 7 B oR A5 8] T 5% 1 & G v B
Bl AR A 1 43 7 L S A T R R AR AT Ak 1Y)
O B30 R R - T RO L A3 T T
FEARTA AN Rl EE BRI SRR A TR T,
5T -TR NhR R G E W 0 Bl 12 R

1 BFRFEZHERE

1.1 HFHRTER
Kl 1% Timoshenko 2 LA A /R B K . Ti-
moshenko B HIGAH P, 5 P, &, K45 A9



AR WO TR S R R GE R B 00 2 R 911

55 i
y
A Y, A
> >
.\ & O
w
LPz
x‘/ JC2

1 Timoshenko %t #.7¢

Fig.1 Timoshenko beam element
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Fig.3 Finite element model of rotor-ball bearing with multi coupling faults
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