Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

BE#1 S8 T Duffing-Rayleigh A EHR N R LRI P-53 & 534

s IR ERR

P-bifurcations of a Duffing-Rayleigh vibroimpact system under stochastic parametric excitation
Xu Wei Yang Gui-Dong Yue Xiao-Le

5| 18 & Citation: Acta Physica Sinica, 65, 210501 (2016) DOI: 10.7498/aps.65.210501

1E 2515715 View online:  http://dx.doi.org/10.7498/aps.65.210501
AP R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/121

AT RE R B E b3 E

Articles you may be interested in

A AR LM e Bk 78 I 28 MR IR 7 B BE AL LR
Stochastic resonance of a linear harmonic oscillator with non-linear damping fluctuation
PP 2242016, 65(6): 060501  http://dx.doi.org/10.7498/aps.65.060501

AR AR T R R W R GBI R
Stochastic resonance in periodic potential driven by dichotomous noise
PP A%, 2015, 64(24): 240502  http://dx.doi.org/10.7498/aps.64.240502

Levy M P UR T H 7 BR U8 B AR B LR Rr 1 0 B
Characteristic analysis of power function type monostable stochastic resonance with Levy noise
YH A 4.2015, 64(22): 220502  http://dx.doi.org/10.7498/aps.64.220502

e RlEAR OURG A5 TE RL A BE R GE A B R LT 9T
Vibration energy harvesting from a piezoelectric bistable system with two symmetric stops
PP 224%.2015, 64(21): 210501 http://dx.doi.org/10.7498/aps.64.210501

THER S E M s BT
A two-dimensional coupled directed transport model
YE = 4.2015, 64(15): 150501  http://dx.doi.org/10.7498/aps.64.150501


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.210501
http://dx.doi.org/10.7498/aps.65.210501
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I21
http://wulixb.iphy.ac.cn/CN/abstract/abstract66868.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66868.shtml
http://dx.doi.org/10.7498/aps.65.060501
http://wulixb.iphy.ac.cn/CN/abstract/abstract66157.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66157.shtml
http://dx.doi.org/10.7498/aps.64.240502
http://wulixb.iphy.ac.cn/CN/abstract/abstract65709.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65709.shtml
http://dx.doi.org/10.7498/aps.64.220502
http://wulixb.iphy.ac.cn/CN/abstract/abstract65734.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65734.shtml
http://dx.doi.org/10.7498/aps.64.210501
http://wulixb.iphy.ac.cn/CN/abstract/abstract64790.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64790.shtml
http://dx.doi.org/10.7498/aps.64.150501

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 21 (2016) 210501

fEHZ AT Duffing-Rayleigh #li3E x5 R % HY
P-7 & o™

thfrl

mE xR EHRA

(PUAE T R 2 e B A R, P 710129)

(2016 4F 6 A 3 HIkH]; 2016 48 7 7 25 UK FIME IR )

BT BN LN RGUTIEMRAZ T, 28 T EENLZ T Duffing-Rayleigh REEIRS RSH P-0 & &
5, A8 BRI AR B AR AL 50 bR HOR R AR 3 R GEFe Ao — DAV E R BR T R4, $5, FIHI A R 2
RGTNERE T RENRSHMRE LR K5, NARARIE, B3] 7L P-72 8 K AR IR RS HEA K
fEtir ik . e, EIE R R AR S P R Kt 2 AT PR IRAIE 1 R Y IR

KBEIF: MAEARE) R GE, P-or 7, BENLSH
PACS: 05.40.-a, 05.40.Ca, 05.10.Gg

15 =

BEAIL 53 70 A2 — FhAS IR T VR B30 ) R G )
Iy AR R A AR L R, B RAE TS T
R GUE HEVE AR AL, SR TEB) ) RS
Ve IR T B S i DO i e = 3| I S R
SFW TR L R R WA D-
MP-53 2%, D-43 8 i 2 N — RS2 0 B vh 4y 25
HHT RO AZ I AT Lyapunov $8 £ # 1E 715 48
Ak 305 P-4 70 TR 5T 58 G0 1) AN A W FEE 1) % 2
(CPRaMER % T ) TR (W7 B TR A3k Fi
ZHUN AR, AT I ISP R 2 B R SR AR AR AT
. —RCRU, S BA EERR. I D-2ZIA
BWE P-71 7, RZ IR,

KT RGEMBEN P-2 7 O A 8 2 5.
AR PR HERT 2R A7 Ak 7] 72 BF 70 388 0 5 58 5 Mg s Bl
Fr B FEOH R JE i) Duffing #1811 -F A2 VA
RIS HUH H AR A vT LU S BB L P-4 75 B 7 A
AR S B T 2 AR A AL RS
RUEFRASWE R 25 B, SCik [10, 11] W8 T AR

DOI: 10.7498 /aps.65.210501

Duffing-van der Pol 2 Sl B 25 M 2 5% B 1 B AL
P43 20, A0 AURN 5 2 i 12— 140 3 S ERE 7 T 43
B 7 BEHLEUR T =F23& 1 van der Pol-Duffing 24t
I BE ML P73 70 B0 5, A 30 ) 2 (1) Ak 2R 8 P A 22 U
AR,

TEP B2 5 TR 28, 1 2 ARt AT
T G A7 AE TF R 55 3 ) &R G B R e PRI AT SE M,
WAL R Fk o T BE R AR, Hif 48 4R Bl 3R S0l & — Fl
AR R R, BT HOIRES T MAES:, H15
R 238 H T 618 RGN 7 A JE F 051 x
HEENLP-2r 2 B FU IR D, — e 2 H AR
Tl 48 9% 50 22 498 A R 2 T LN, R BILAIE J2 1 Pk 52 R 4
Je 21 BH JE F B AR A AT L3 EE ML P-4 7 1
Az 16200 (B %A 19 3 R A BEHL P-2 2% 1 I 57 2 14
IfEtr ik .

A EEW AL SR Duffing-Rayleigh filf
FIRS) RGN P-7r 78, 1 SR ARG IE R ¥ [ 553K
LM RS 7R3 B R AR P ARm B, SR )5 B R
IR T B R G0 A BENL P73 2 G 53 2% 1 )
PrRIE A, BE 234 1 BE AL S0 1) 28 A ol Al A

w R ERBIAIES (HHES: 11472212, 11532011, 11302170) % BIFIIE.

1 @fE1E#. E-mail: weixu@nwpu.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

210501-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.210501
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 21 (2016) 210501

IRBN R GRS WA E L P-70 & B

2 EERASGEE KA

% [E—/NEHL ST 1) Duffing-Rayleigh filf i
BN FR G0, Hssh T

i—a(l—i*i—aét)+2° =0, x>0, (1)

Ty =—-rz_, x=0, (2)

Horb o NBHJE 2% (1) RS0 N 2D v 3l A 1
R oo = 0 R IRS) RGN L s AL B, B
fEx = 00 IR 75 LR TH & AE R &, Fla_ 25l
FONYRTAE R ARl 5 5 R A Al A T 1 B N T
rONIRE R DLRERERE AT R R SR AL R k.
G HE (1) A1 (2) AT, RS0 18 Bl B 70 Al i s
AR, R, X2 — AR B ) R 4L
T E SRS AN E S, BB Xt H AL B AR H IR X
XH 5N AR A e 21
x =1 = |yl
T =2 =y sgn y,
& =g sgn y, (3)
RNZNTTHRE (1) FTHRE (2) , 12
j—a(l=g2)g—9e(t) +4° =0, t#t., (4
Uy =7Y—, t =1y, (5)
X, ¢ Kol R AW %) 5 R 5 R R
AL AL AE e AR BR AR R, R RS S
FHERNY = {(z,2) : 2 > 0,4 € R} &N
Y ={(y,9) :y € R,y € R}. FIFIIK$z58 0%, 7
DU 5 AL (5) BAETEt = t, B 2% D5 R (4) Jtin 7
— ANk, AR K o BR B S AR bk b I
(1 —r)yly|d(y), EXFETTFE (4) FTFE (5) B vl LL&
HN—AF LA EN RS
j—a(l—9%)g— (r=1)glgldly) +y
= y&(1). (6)
A DUE B 9 J5 B AL S 3 GoAS T4 2l 2 ok,
T AT DA — S5 18 R G HoE F e 7 it AT
WA

3

3 MABEE B KM

H1 772 (6) Ron K R G2 — A ARLMER &
gt, W ARMER BUR R, FATII I BAT R

PRI A B e R 55
i+ C(E)y +y* = h(E)E(t), (7)
Sob, O(B) B h(B) 2% TH i B FER ML
SR [22], ¥ A B RBUR G TR B 25
FHIEN

p(y,9)

= NI} (B)exp [— 2 /OE B2 (u)

S
%
r(y) = sgn y\/; 9)
FHAAz
§ =V2Esing, r(y)=V2Ecosg,
¢ €10,2m), (10)
M AT DA B5C TR AR S A SR T
_ 1 reM 1
p(p) = mm| cosp| 2. (11)

A — MR T7 R (7) 1 & 480 LA R B 45 e
IRGETTHE (6), XAEHUAT LIRS TR (8) A3
FT7HE (6) TR R GRS, % & 218
C(E) M h(E) {18 P75 fE L ZEAER A ST Feh,
X IRATR A B AR A RGP e
2 B A #H [F i) Fokker-Planck-Kolmogorov (FPK)
JiFE.
77 HE (6) WIS IHLIERE A HUR B0 N

aly. 9) = o1 — )i + (r = DiPlg[o(y) + 2D,
by, 9) = 2Dy". (12)
FIFH AR (10) % 772 (12) # 4k N K TR EFIH
Kl o RIER a(E, ) 1b(E, ), JF LA B E
WEITRE (11) NBGHATINALT 1, 13381 Ja Ae =
A4 FPK 77 FE R A B R 2

27
a(F) = / [2a(1 — 2E sin? ) E sin® ¢
0
+4DEsin? p + V2E(r — 1)Esin® ¢
x [ sin o]0 (& VAE| cos | *)lp(p) dep,
27
b(E) = / 8DFE?sin* pp(p)de. (13)
0

I, iR (7) RE R B A FPK T RERER 5
PR
2 dh 1

o(E) = —gEC(E) + 2 BR(E) s+ 5h*(E),

210501-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 21 (2016) 210501

b(E) = %EhQ(E). (14

TR (13) MUSTRE (14) HINLF) R B SE, 15550 g
BRI ARG

~—

e = (225)
C(E)= —a+%D+1—72aE
3(r—1)Eil(3/4)
a1

BT RE (15) RANBITAE (8) v, 19215 F2 (6) AYIL A
FaaS WL
(y7 ) NE 12DD

X exp 7%\/7?1) ?E?ﬁ;]ﬂi — gE] E:%+%7
(16)
S, N IEEE.
FIRE# E = % yz ARG R RS
W3 N
p(E)

& Za—10D (r—1)I3/4) 1 «
=NE Ei — —F
YR ThUR Ty T D

(17)

XH N AH—LHE S

H1 7 2 (1) AT (2) B2 1) DAl 38 4R 3l 3 4t 11
KL% o AU FE & IR BCA A 28 585 1 ) R R AR AR 4
puigt: A ECIN

pla) = ) 2

Ua—D) T(r—1)I'(3/4) 1
e" { Dy I(1/4)

N

(18)

4.1 HREMEZFEMNP-oREH

B AL P-73 3% AR 7 A7 T AR s MG 5 3 2 R A

{8 AUECH PR A SR F W P-23 0 B 2% A AR AR

3 i 50 m] G, MR R B AR A B E TR A
L L LT PSR

op(E) _, PplE)

OE " OF?

—0. (19)

B 7 RE (1) AR (19) K, SRS P-23 25 (11 57 2%
ik

10240(7a — 10D)3
7(r 3/4)1*
]

MTTFE (20) FTLAE 2, FHJE REL o KB R E r FIBE
MBS0 2D #AT RE R IR S MER 2 R A R
ABENL P-r A . X B RATEE RS
R P R

B14H THEZS S a = 0.038, 20 &1
(20) KBIEDE. 1T LLUE Bl F 564 i 48 (D, r) °F
53 BT AN X3k, R R B BENL S B 5 B AE
] — A~ X SR HUE T, RS0 RE R MR 25 5 oR £ 2%
14 58 PR TR [ 7 AS 5] P DXIREUE I, 7 1 4 T
AL T EEWH 2 XIS, B 24t T
AN R X IR AR B, 2R 40 e B 1 S 20 A s ok e %
B 2R, Hodr, B RN R R S U E B S
SRR N REAT AR, W ULE R, H VA SR
K2 (a) HIZHr =095, D = 0.01 BLHTE 1+
(X382, Hhiy, ME2 % R B I EAEE = 0
A, BURE TR T LBK MR R e £ E R AL B
E2Mm) HFrZHr =095 D =002lEATHE1K
X5 1 Hp, B 2 2 R R B IS IEE E = 0
ML, FIRAE R T DUBOK I 2 5208 7E R IR 2)
RGN VAT E A, X 52 Ui B AL 2 0 B 1 AR
AT PAC AR R G110 e M 5, B S SRR ML P-4 25 1
KA.

0.030

0.025
I St 2
0.020
X1
R 0.015}

0.010 F
[X 15k 2
0.005 F

O 1 1
0.85 0.90 0.95 1.00
T

K1 RGRE RIS R EUR A P-23 2 B 7 2% A il 25
Fig. 1. Critical condition curve of P-bifurcation about the

stationary probability density of the system’s energy.
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Fig. 2. Typical curves of the stationary probability
density: (a) » = 0.95,D = 0.01; (b) » = 0.95,D =
0.02.
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Fig. 3. Critical condition curve of P-bifurcation about

the joint probability density of the system’s displace-

ment and velocity.
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Fig. 4. (color online) Typical figures of the joint prob-

(a) r =

ability density of displacement and velocity: (a) r =
0.95, D = 0.01; (b) » = 0.95, D = 0.025.
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Abstract

Vibroimpact dynamics has been widely studied by experts and scholars in the fields of physics, engineering and
mathematics. Most of the researches focus on vibroimpact systems under deterministic excitations by using numerical
methods. However, random excitation often exists in vibroimpact system, whose roles cannot be neglected, sometimes
may be quite important. Stochastic bifurcation is one of the most critical parts of stochastic dynamics, but the relevant
researches about vibroimpact system are rarely seen so far due to the fact that the analytical method has its inherent
difficulty. This paper aims to investigate the P-bifurcations of a Duffing-Rayleigh vibroimpact system under stochastic
parametric excitation based on an equivalent nonlinear system method and the catastrophe theory. Firstly, the original
Duffing-Rayleigh vibroimpact system is transformed into a new system without velocity jump by using the nonsmooth
transformation method and Dirac function. Then, the equivalent nonlinear system method is introduced to obtain the
stationary probability density of the response. Finally, the explicit parameter conditions for stochastic P-bifurcations are
derived based on the catastrophe theory. Besides, the effect of stochastic parametric excitation on the system response

is also discussed.

Keywords: vibroimpact system, P-bifurcation, stochastic parametric excitation
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