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Bifurcation Delay Behaviors and Bursting Oscillations in

a Parametrically Excited Duffing’s System "
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(Faculty of Civil Engineering and Mechanics, Jiangsu University, Zhenjiang 212013, China)

Abstract Dynamical behavior of the Duffing’s system with a slowly varying parametric excitation is in-
vestigated in this paper. Periodic delayed pitchfork bifurcation behaviors may take place, since the slow
parametric excitation can periodically pass through the pitchfork bifurcation point. The dynamical charac-
teristics of bifurcation delay behaviors, especially the resultant bursting oscillations, are discussed. Bi-
furcation delay behaviors result in hysteresis loops between the stable slow sub-manifolds, which are re-
sponsible for bursting oscillations observed in the parametrically excited Duffing’s system. Furthermore,
the effect of initial time on the delay time of each delay behavior is analyzed. The result shows that, giv-
en enough time, initial time has no influence on the delay time of the delay behavior, although the delay

time of the first delay behavior is decided by initial time.

Key words slowly varying parametric excitation, bifurcation delay, delay time, bursting oscilla-

tions
B|= Hrr, 6 >0 H ysinCwr) EIEZSHOM. 3 &
- S5 (1) 3 Bt 2 U 1 Al 26 PE RS 19 B ) 34T 0, 2
IR T %22 ZACROH T Dulfing A4 HNVRIE T — R IVBIGEIF O 2 T — S H %
& 08¢ — ysin(w)x +a' =0 (D g B2 0 SCk1-4]. SR T » H AR 56 B 5%

2023-03-17 Y226 1 H5,2023-07-12 Y 2& B A .
* [H K HRBHE RSB H (12072132 , 12272150) , National Natural Science Foundation of China (12072132, 12272150).
t {5 F# E-mail: xjhan@ujs.edu.cn



50 g h % 5 o OH ¥ M

2023 45 21 &

REHF PR RS EER T BB o =o(D).
BE X2 A8 BRI BK 30 T Duffing 2 G0 10 3 112247 R A
BEA RS, A RETX B, FEIRY o
=0(e)(0<<e << D W, BAESHWHT Duffing R
G2 T o BN, RGO AL —A
PR RS A B AR 2R E R G0 RIS A% AN 2 45 1Y) [
AR Z AR R ER.

TER AR 4547 M WNFER Hopf 434559 VFER X
B335 R AE 3R W — g5 4y 250 5 TR
BTz R I sm ZU 48R, T SRR 4y 7, FR R
15 358 0L B IE R S W | — B R AR
G RIS 5] F R AR 2 BUHE R T HE, RAE ML
Ak AEHER F A B — BT SRS o R T
(PR G2, 1 Ff 48 3R 5k 7 B 28 N T LA & 7R R TR
DR L 2 — BV A S0 Bh S AT il
IR AL B — WAL JE T R AR5 5/ i iR 5
LR

5 REIR 3 5 M OGRS R AR IR 2 (0 R
JE BT X8 AE S B A ] B 2R 2k R A I L X LT
1T % JE 2 5083 19 Duffing 248 (1) & — Mg
75 SRR S B I A Al 2R M RO R . b
SHA R T 57 7 — K MG I HE R AT N 32 W AR
P T fg B MR AR R X A2 AR S B . T
B AN SR M Y pR B, R A A 7
S RO B A B SR AT SR T RE L

B X R R v 0 P R A 7 4, BT
E2 WS T — S o8 iR BN, 78 Z /i i TAE
AT T e AN E R 1 van der Pol &5t
Hhs AR K R BT 5 3 R R R b TR AR
SN van der Pol &G H I SER Hopf 437 L4,
B TR R L R E SR RCH W
USRI T — 2 B R G b T 4EIR Hopf 40 7
T[] 5 KR 1 T A AN [ A O PE A BT T AN TR
WIME T Z G0 060 45 5 32 I K (DR & L i &k #is
ViR AT I AN 52 R GERIE R 0 o T
e AR T M S R A3 A 0 Bl ) e HRGE T
Z PP i IR A 2 S AR R R

O T HE R B[] A 31 AR IR B SRR 240 % &
T UHE SR 43 24T oA 1 AE 3R R TR] A X A T
(14 S SR AT A 19 4iE 3R R (8] 31550 ) R F 9. AR SO
F: B 5T 2 G5 000 4 B 1) %o 4 R 4 AR AT K A 3E SR A
(] P S AL L AR o 34K 3 BT A SR 43 95 4T SR X R R R

D 07 A T 4R A . AR SCRY AR T8 & AR
T AETF Al A R ROBE o 2 H0 U
i) Duffing REGHAL TR — 18 R G, K5 .15 24
SR REUE M LT RS AR P15 i 56 2 39 A AR A AR
v MR DG 19 3l 1 A AL 50 0 i B [ 6 45 7
5 AR SR AT O B SEE IR I TR 8 5 I L A A
Or BT R KR 5 1) 2y FE RS . RS B AL

1 BEEBREMEELER

e T AR R E « =wr, 28 )5 AT LLAS 2
5Dl LIS s gk — 12 X

wr =y (2a)
wy = (ysint)x —x°® — 9y 2b
=1 (2¢)

Hrpe""RFEX TR R « 1938 (o, y) 2
PRAS B AR L T — > 5 R (22) B (2b) 45 1 Y
Y RGE. UIRTRGEH w=0,7] LIS H]

0=y

0= (ysint)x —x° —Jy (3)
WAR Y ysine <O B, R () AUH — 1Pl i E,

]
i

B E, JEfa e A ST Y 07 +4ysine = 0B E, f&
P28 I 45 s 2 7 sine 3N E] 0 B, 517 E, KA
AR B a5 O R SO 3 8 AR T 3 A WA ST A
E.=(E£/ysint ,0O) WLE D. #F—H 05 HrEm,
M 8% —ysine < O BRG] F E. 2R A9 £ L 1T 24
0% — ysint = 0 B W2 R 14 45 5.

0.6

041

021

E

06 . . L L L
-025 -02 -015 -0.1 -0.05 0

005 01 015 02 025

ysint

Bl 1 RFRGE X2 Horh ysine RO E S8
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is chose as the bifurcation parameter. Solid lines mean sinks,
while dashed line indicates saddle
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Fig.3 Bursting oscillations of system (2) for §=0.1, where the

initial conditions are (xo,y0,70)=1(0.0001,0,0). (a) Phase

portrait of bursting oscillations; (b) Transformed phase portrait
of bursting oscillations, where the pitchfork bifurcation diagram

shown in Fig. 1 is overlayed; (¢) Time series of bursting

oscillations, where the slow sub-manifolds and the slow

parametric excitation are superimposed
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