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Fig. 1 Diagram of double rotor shafting system with

flexible couplings
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Fig. 2 Distribution of transient probability

&

dx/dt (rad/s)
IS
[ L1 Seee—|
© r B N W
o N ® » o
probability density(rad™ -s)

9
<}

EEEEEEooohhhh————L——.—_,~—~.
I | |
8 I | | —
I | | B
I, | | <-4
— o I | | =]
» I . | | £
= | = T 1 2 =
s | = L 0000000000 mr 3
= O I (I || £
3 | s $Z09 =
= | e 8090099 = >
£ _, I
~ o4 I
- OO0 | e
- O OO0 | £
-g I e
I .
_— R

(¢) t=3TH4

&

dx/df (rad/s)
A o & ®
[ L[] |
© B B NN
m o U o w
probability density(rad™ -s)

~ An RIGE] RIGE] ~ As 0.0
0.06 -0.03 0.03 0.06
x(rad)
(b) = T/2

[
N
3

N
o

s
probability density(rad™* -s)

=
in

S

INENEEREEREEOC T

o
o
[=]

dx/dz (rad/s)
o
S‘:)
o
\
1)
o
w

<)
o
w
(=]
o

(d) =T

B3 R (57 26 AN JE M)

Fig. 3 Distribution of stationary probability ( the 26" cycle)



s64 B %5

EC I 2016 4E4 14 45

M A7) (8) (9) , AT AR B[R] 2K
T/4 W FTA I 20 R L. 18] 2 ] 3 SRR R 4t
T LBERZE 1Y), AN HAT Z2R85E JA AR D0 114 00 1z
BRERBL AR
2.3 MREREBREIETTIE

XFHRO), HTFIFARZL -0 | x[ -0, 00 ]
M E B AL, 2 [ - 0.075,0.075] x [ - 10,
10 J X35 Bl A 1 e 30T 8 L P R, IX OO A A %
TR BORRE AR AR — IR, DX [R] P SRR
HEREI/N X T E 2 (a) , X AHBEA A 0. 9808 ;
XEFE3(d) , XS AREAR N 0. 8135. ] L, 343
R OB HL WUERVERE R A, O TR L,
i LRI 2 A% TR R R BIBRIA RS R
SE B, DXCIRA Y R 2 2 [ U5 3] DX, oK1 DX 1 g
HrRRUp B D R A AN g BB AL B

p(x}(wi*]) ’xl(:ciil) ’ti—l> =
K
i) (-1 i) (-1
P(xl(w ’x/(cc )’ti—l)/zAkp(xl(w ’xlic )’ti—l)
=1

(11)
o bR ¢ FoR IXTE] N R AR el ho, UIX
B (9) FRIBIAR L B IE ) AR SR 00 W T 14
4(a) XFNLE 3(d) 2L O T B EAB IR AT S B
AR, R TR diff 1 25 bR

8 3.0 _
8
o
’54 2.4;
4 =
= =
Eo 1-8§
= =
3 12 2
2 .4 =
S
0.6 8
FEy 22 2 2020w =
I N
2 %11 )

o le11

o [ H32
[ ——— =

| ] || i
2 4T 1.6
T | [ =
£ I I B :
= I B B S
= I . 2
< 4 =-15-:;
[ A £
- | =,3q’s

e ] -

—_—, s

0.06 -0.02 0.02 0.06

RIS

(b)

K4 EIELL AR M1 IR

Fig. 4 The influence of improvement on the probability distribution
K
e (i) . (i)
diff = 2 (A, - ‘ Ppm,;(xkc e o) =
k=1

K
p(r w0/ S TA - p(a 5 ) T )
j=1

(12)

Horpr, AR prov FRBIESS , BIAR C Fom 1 IX [H]
O diff THE AR 1.3533 x 1071, AR A
T A ZE A WL 4 (b). Al DL, & TE Rt X
R AR AR MR /N, R — Bl Al 17 1905 5. T
LR PR R, XM B TR 3 5 P 2 DX T 1R 3% 42
T KUY DU , 75 WA BB R AR 0 A

3 g

ARSCHR YR C A FAE Il e L0 S0 360 1) S B 24
SRR 308 3 R R Al e 0 7 B ST T o R
WA IR 225 ) Y 5 1 3l A% 1A e % s R G O Bl HL 30
Ty AR BRI SR T T e S L P AR
MBS AR BT B L RS I e N SE 3, 5t T
W 25 AR 25 ) 938 0 P 221 F) 6 B8 -3k JBE ABE 30 70 A . B
Ja AT T I B AR R B L 5 A
B IE TS 58, 3 LB IE AR A2 S R A AR,
RBUETEX R ATCAE /N W] T 18 1ET7
FA .

Z % X

1 FR#ess, BHEMR, 25258, Fokker-Planck J7r&. FLHAFIT
Fe2E4R, 1996,21(3) ;18 ~21 (Shao Y C, Feng G L,
Lin J L. Fokker-Planck equation. Journal of Kunming Uni-
versity of Science and Technology, 1996,21 (3):18 ~ 21
(in Chinese) )

2 Lin Y K, Cai G Q. Probabilistic Structural Dynamics: Ad-
vanced Theory and Application. New York: McGraw-Hill,
1995

3 Dunne J F, Ghanbari M. Extreme-value prediction for non-
linear stochastic oscillators via numerical solutions of the
stationary FPK equation. Journal of Sound and Vibration ,
1997,206(5) :697 ~ 724

4 sRmnER. S 4k FPK R B AR L. BTN WL
fiit#t, 2006 ( Zhang L. Q. Numerical solutions for high-di-
mensional FPK equation. Hangzhou: Zhejiang University
Publishing, 2006 )

5 Wehner M F, Wolfer G W. Numerical evaluation of path-
integral solutions to Fokker-Planck equations. Physical Re-
view A, 1983,27(5) :2663 ~2670

6 Yu] S, Lin Y K. Numerical path integration of a nonlinear
oscillator subject to both sinusoidal and white noise excita-
tions // Advances in Stochastic Structural Dynamics. Boca

Raton, FL, USA; CRC Press, 2003



5 6 1] PSR VA8 A TR PRI 5 ) 14 SR A% 3h R GERENLAR L e AT 565

7 Yim S C S, Lin H. Unified analysis of complex nonlinear B FEBEE R ( HARBLEAR) | 2016,29(1)
motion via densities. Nonlinear Dynamics, 2001,24 (1) 80 ~85 (FuZ T, Wen J M. Large displacement torsional
103 ~ 127 vibration experiments of a gear rubber coupling. Journal of

8 L, B, —mAELIEMEHLE Y RN IR RS Shijiazhuang Tiedao University ( Natural Science Edition )
fife. Pezh 5k, 2007,26(11) ;153 ~162 (Wang Y G, 2016,29(1) :80 ~85 (in Chinese))

Tan J H. Path integral solution of a strongly nonlinear sto- 10 . AEL M BELEN 25 002 T80 5 i Soni . b

chastic oscillation system. Journal of Vibration and Shock 5t Bk R, 2013 (Xu W. Numerical Analysis Meth-

2007,26(11) ;153 ~162 (in Chinese) ) ods for Stochastic Dynamical System. Beijing: Science
9 AR IR AR S R AL R T I Press, 2013 (in Chinese) )

RESEARCH ON STOCHASTIC NONLINEAR BEHAVIOR
OF A GEAR SYSTEM WITH FLEXIBLE COUPLINGS

Fu Zongtao" Wen Jianming

(School of Aerospace Engineering and Applied Mechanics, Tongji University, No. 1239 Siping Road, Shanghai 200092, China)

Abstract For the gear system with flexible couplings, the nonlinear elastic force and damping force are both the
functions of displacement and velocity. A nonlinear stochastic system is generated under the excitation of stochas-
tic force. The path integral method based on Gauss-Legendre integral is applied to calculate the joint probability
density of displacement and velocity responses. Moreover, the distributions of probability density at some special
time points are given. In the end, the problem of probability loss is analyzed, and a feasible measure to deal with

it is also put forward.

Key words path integral method, Gauss-Legendre integral, Gauss white noise excitation, polynomial ap-

proximation, probability loss
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