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Fig.2 A possible parameter range of chaotic motion to a ferromagnetic beam-plate
with un-maovablly simple supports in applied transverse magnetic fields of
time variation of period

3 HESERSITE

B — 57 ELAE T R 2 A e R e R A o B IR T B . XL, IRATIHESR
ﬁHijﬁ'E:jE*& - ﬁ*’é?f?ﬁﬁﬁiﬁﬁﬁ%ﬂﬂﬁﬁ{ﬁﬁm, id ﬂ‘tm = jtm+'L — tm, Ym = Y(tm)

Ki = f(Ym tm) (23a)

Ki-=f(Ym+ %K¢_1,tm+%) i=2,3 (23h)

Ky= f(Y, + At Ky b, + Aty) (23¢)
T SR G TR 4 B Je ke - PRS0 3 HER O

Y =Ym+%{K1+2K2 + 2K, + K,) (24)

AR T b - PR TT 1R TE M PR AR bR S A BT A B T i, DLAT T A S AR R

3T W Hosh A S i, ERUUR R EARA Liapunov {5805 Poincaré B4 %5
FC 2 7 M W R IE B B B 3T (18) AT R B RS, Sl RS
MRG, A TEREREL. MY BRRERERN

=u (25a)
0 =u—u’ — 260 — F*ucos (2026)] (25h)
h=1 (25c)

FEPE 2 [ 25 AT RIS sh B RN, WS e = 0.01, 6 = 10, 4 = 101, 2 = 0.23, X} (25) 4
SHRAN TR E, BRI FER., HE. Poincaré B, Liapunov % A4 i b



106 K & & 4 2002 4 O 3 F

SrlRT B 3(a, b, o, d). WE ERTRAEH, HnkE RIS ek, H Poincaré BRi B HA BF B
HIor #fEEH), Liapunov #:80 Dy, = 2.254, F Liapunov 5 AFEEEBECES T Anax = 0.119 (> 0).
HIEATEL A E: A S8BT R R RS 7. £H ESHRFFEAEmILE 6 1 m3|
6 =100 W, 30y R GEEBLH A Mz ).

2 L.5

o
velocity v

displacement

—1
2 1.5
H00 GO0 700 B0 2 1 0 ! 2
time t/s displacement «
(a) b & # (b) #ik
{a) Time history (b) Phase trajectory
0.8
-

- - 0.4

i “heir
0.0 ® e
N

-
L]
-
.
Liapunov exponent
=
ba

—04 F 4 0.0
- .

- L ]

—0.8 P 1
—1.0 —-0.5 0.0 0.5 1.0 0 1 = 10° 2w 10%
time i/s
(c) Poincaré mi B (d} #&% Liapunov {5
(¢} Plot of Poincaré map (d) The maximum Liapunov exponent

P 3 el e i 00 S 0 o B b 100 1) A O A5 S PR 1 Rz s
Hrif B e B SRS TPHRIE (e =0.01, 8 =10, 87 = 101, 2 = 0.23)
Fig.3 Numerical simmulations of Chaotic motions to a nonlinear ferromagnetic beam-plate with
un-movablly simple supports in transverse magnetic fields of time variation of period: fractal attrator
(r =001,4=10, 4~ =101, 12 = 0_23)

4 AU SEIGIE T AEEBEE R, ST 2508 € = 0.01, 6 = 0.001, 8* = 150,
2 = 1.0, MHEA Liapunov 548824 0.153. HH Poincaré Pt aTLLEH: HiRBE0E S| F#k T
BA o s e, A EM TR, #E S8R it A Liapunov #E8r Dy = 3.0.



%11 TR ST - O i R T R R A Y R M sl A 107

-

o

o

=1

¢

]

3.0
1.5
£ 0.0
E.
—1.5
—3.0 - =
0 a0 100 150 200
time /s
(a) I (b) Poincaré gt
{a) Time history (b} Plot of Poincaré map

P A FEANBEL A TE 1 A o B =l 2 T 1 S e el AR 0 1) I S0 i b 1 P
RS D BN R, S TBR ST R FIEHE
(r =001, § =0.001, & =150, 2 = |_ﬂ)
Fig.4 MNumerical simmulations of chaotic motion to a nonlinear ferromagnetic beam-plate with
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ANALYSIS OF CHAOTIC MOTIONS OF GEOMETRICALLY
NONLINEAR FERROMAGNETIC BEAM-PLATES EXICITED BY
TRANSVERSE MAGNETIC FIELDS Y

Gao Yuanwen Zhou Youhe Zheng Xiaojing
( Department of Mechanics, Lanzhou University, Lanzhow 730000, China)

Abstract Based on the theoretical model of Magnetic Body Force for magnetoelastic interaction
of ferromagnetic plates in magnetic fields, and the assumption of quasi-static state to magnetic
fields, a theoretical analysis is presented in this paper to the nonlinear dynamic system of a geo-
metrically nonlinear ferromagnetic beam-plate with simply supported and unmovable ends in an
exciting transverse magnetic field with periodic variation. First of all, the perturbation technique
is employed for analyzing distribution of magnetic fields varying with deflection of the plate. Sec-
ondly, a necessary condition of existence of chaotic motions in the magnetoelastic dynamic system
is obtained by means of the Melnikov Method. Finally, the chaotic motions of the magnetoelas-
tic system are simulated or searched by the Runge-Kutta method with variable steps, and the
Poincaré map and the Liapunov exponents to the trace of motions are employed to evaluate if a
chaotic motion appears. The numerical results indicate that there exist some chaotic motions in
the magnetoelastic system of the ferromagnetic beam-plates in transverse magnetic fields of peri-
odic varying, and that the chaotic motion is dense when the mechanical damping in the system is
small enough in the chaotic range of parameters.

Key words geometric nonlinearity, ferromagnetic plates, excited magnetic fields in transverse
direction, chaotic attractor, necessary condition of existence, mmmerical simulations
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