RIS A%,%529% B8 Applied Mathematics and Mechanics
2008 fE 8 A 15 HdR Vol.29,No.8, Aug. 15,2008

SLE RS 1 1000-0887(2008 )08-0954-13 © RLA¥FEMAEHE S, ISSN 1000-0887
SRERMEEEHSHIRS T
WER', 2 &7

(1B KF BRIBEH¥26, WL 225 066004;
2. BB, M3t FE Ll 063000)

(FXARE)

WE: ET Mexvell 78, Gl TRRBRMFERERBER TR RN EFBRAARE N E
BR. TR BT REE ST RA T EAR KA & IR, B Galerkin 3 %
THI AL RS T RE. FIRSRERRITRE, BB T RRRSE3HT SR N
B 00 TARHRME KR, RE Lispunov ERURE EBIE , WARSH NEBEERLT T 44T,
BETRESENAERSE. EHETE, ST — ZHEST AR REEAE S5 YA EE
FIRE 78 BE N AR AL AL B B, LA B R L4 30 B e R 2 D A 1B Poincare BRSSPI 5 —
BT RE NRSSEXNRNRELE RS BHENER, LT RENERBARANRS
REHNETA.

X # W s SEER A8tk REd ZREER

HESRS: 032:042 XMIRIAB: A

5 75

REMEMK B HETaH RSN RERARRESARBE TR RE L
&, 3 USRI R ARAT, T R &RBATE D RE N FRER ST, 4 B 355
BAKEZXRE. HREOHRESIBERES R ELFE LR, AR
By MG ERBTTAE —EHE, R YA RN RS RE, BA B MEFRE L.

BT, B ¥ B AR T RRO AR, BB THSEERR. Po EA
RFABW ¥ 5ABKR TR R N E BN EEE , SR [4-6] 70 A IR IS
BHMERS T SR S IRt R, R [ 7-8 | AT /R T AR89 3h B A
REMRT TR, £ RS R e R BRI , Aveapnymsn % AL g
T—SIFRIME T, SR TREAMEMARR. TR 11-12) 2 3% i AR wh 87 1E T
FERE B AT T, SCR(13]8F R T KRB & e AU 3R SR 40 A s B S P S IR 5 43
ZRE. REWRREHHEREL AR MBRNER, WA ZREARFTEE—SH
B9, Mk MRS REM LR D2 URBHES N ZREL N EEHAAE.

FESCRR( 14-15 189 2ERH b, A CH B8t TREGSFIE T 3 o AR MY SR MR S M R 3 7
MEBHGTTE I3RS PR RREA & R SRR EHREH#IT THE. MAZR

« UCREBHE:  2007-09-04; #ITHMA:  2008-07-15
EERT: BFE019%68—), 5 BRI, HE, B+ (BEA . Tel: + 86-335-8074576; E-mail: huyuda03
@163.com).
954



WOF & E: An 955

Bk, S TR T IR TR, 0 TR E . @B, A TR M RIERE
i £% B A1 30 F7 M BL ] | Poincaré BT B %% , He5t B LIS S B BRI HAT T 4047,
| RHERGIFLER AN TR TR

X F B 1 i ni#Es B( By, , Bo, , Bo,) B iz i) T AR , B BN 5 R I
MEER,RIERNEE, TR AR Oxyz(xy ARMTE, 2 AEE) FERKMIESYE
REBpR RN,

Nix + Ny,y + Fo + P, = phu y, (D

Nyy+ Ny + Fy + Py = phv (2)

My oo+ My +2M, o+ (Naw , +

Nyw,,) .+ (Nw , + Now ), +

XYy

L
7z ¢

Mg+ My, + F, + P, = £
phw (3) /L

RH, NN, Ny, AHREH, M, M, M, A5
B H, P, P, P, WELARHT, F,  F, . F, JH B B1 WhmaSREE
1 meom, REBEFE, o AMEIERE, b WRE, ¢ HEFRIER.
% BAERAL JERELE) B S R IR S AR, A ERA R SRR R Mexwell TN

V'B:O,V'D:O,VxE:—B,,,VXH=J; (4)
Fit % Lorenz JIRBREX N

ffofy ) = J x B; (5)
HX RN

B =¢E,B=yH,J]=0(E+u,6xB); (6)

X%, B(B,,B,,B,) WMBNRERE, H(H, H,,H,) FEGRERE, J(J,, ], ],) HER

HE KR, D(D,,D,,D,) NENHRE, E(E,, E,, E,) HEGRERR, u(u,,u,,u,) KN

FRIBRE, 0 NRTE, cg ARENEEE, po FEZHIH, A5 v A Hamilton B F.
YEARIESN AR Bo( Bo,, Boy, Bo,) FREE T B BT , P p 4% o R B 7T F0 R 10 14)

H(H,,H,,H,) = Hy(Hy,,Hy,, Hy,) + h(h,, by, k), (7a)

B(B,,B,,B,) = By(By,,By,,By,) + b(b,,b,,b,), (7b)

E(E,,E, E,) = e(e,,e,,e,), (7¢)

D(D,,D,,D,) = d(d,,d,,d,), (7d)
AXH, h.b.e.d AMBFHUEATENSHYERE . T B, HEBHSITE:

VBy=0,V x B = 0. (8)

XRE MR A R A IR R | BT (4) ~ (6) 33 2 M - h/2 8] /2 TR
4 TSI T RGHE AT SRS R 3 RN RiA
B3R

h..+o(e, —u,By +w,By) = (hi - h;)/h, (9)
hz,y - a(ez + v,tBOZ - w,tBOy) = (h; - h;)/h’ (10)
€y,x — €,y + /“th,t = 05 . (11)

L (1) kA
Fz = ahBOz(ey - u,LBOZ + w,LBOx), (12)



956 S AR AORE AL 4B & SER M

F, = - ohBy,(e, + v, By, - w , By,), (13)
F, = ahBoy(ex + v, By, - w,,Boy) - ohBy,(e, — u,, By, + w,, By,), (14)
m, = oh®Biw /12, m, = ah3B(2),w,y,/12; (15)

FEERF, uvw PHHELIT 2y FEAHFEUBEDE, A = h(x,y,h/2,1) h; =
ho(z,y, - h/2,1) ARELHESBBIRE DB,

2 MBS T AR A S IR A

BRAEER TS By(0,0, By,) FZLERMSHE P, ERKFIA(x = 0,1) AXRATH
2 BER, IR P, = Pylsin(nx/l) +sin(2rx/1) Jcoslt. HERE y Lk, M LA H KRS
FREEBEGEABBMMEMEL, XETTEEBONTIXRTHRE v HiESERBERSI T
.
Dy e + phw = 3Dy(w ) w /2 - oh*Biw .,/12 -
Py[sin(rx/1) + sin(2rx/1)Jeosdt = 0, (16)
XH, Dy = Er/(1 = 2) RHLHRIE, Dy = ER®/(1 -2 /12 A B RIE, E AEEER, v H
Poisson RH, Py HMAIIRIE, O AR,
EER— _HESER T, THRR AR RENUBREANTER:
w = Py(t)sin(xx/1) + Py(t)sin(2rx/1).
B EXRAFTE16)H, IR A Glerkin B3, AT BN T N BEAR TN EENL
W RS TR
dr+ @1 =~ endy - €143 - €Ngi + Pacosllor, (17)
G2 + 16¢; = - demiqy - €n1gigs - 16em,3 + acoslor, (18)
KF, g = kB (w/ 1)/ (120w,e), 7, = 3Dyh(n/1)*/(8pwie), ps = Po/(ph*w?),qpy =
3Dy (n/1)*/(pwle) s w, = (n/1)2/ Dy/ph ; KRB © = wit,q1 = Pi/h,gy = Py/h, 0y =
O/ we3q1-41 T ga gy FRIRAN « —HH B4, « ADSH.
YRR Z AW RN TRREAN , HEBMEARERENHBIR,
200 = w + wy + €0 = 5 + &0, (19)
XHE, 0 = 1H w, = 4 55K (17) .(18) K— ZH EERULHEEHE, 0 ARESE.
TEAMASRERHTELETRE. 58 1 HEUELT, &
gn(7,€) = ¢uo(To, T1) + €gm(To, T1), (20)
XE SIAMBEIRE T, = . T) = er,m = 1.2(F[).
B QORAFTR1T).(18)F,4 ¢ HRIKFERRLAHE, B2

Djqio + qi0 = 73c08(dy Ty, (21)
Digx + 16gy5 = 73c0s{do T, (22)
Diqu + qu = - 2DoD1g10 - MDogo — N29%0 - T29109% (23)
Diqy + 16y = - 2DoD; g - 47 Dogx - 16720% - 712gT0q2 (24)

RH, Dy = 3/9Ty, D, = 3/3T,, Dy = 3*/PT3.
FE2D) ()BT EARMTERER:
g0 = A\ (TDexp(iTy) + Aexp(iQyTy) + c.c., (25)
qp = Ay(Ty)exp(4iTy) + Azexp(iQyTp) + c.c., (26)
AF, A= 773(1 - .()%)“/2,A2 = ’73(16- Q%)_I/Z,A1\Azj‘3f§ﬁm§@ﬁ,iz= -l,c.c.fXFE



#oOF & &2 2 957

T £ S SEHE R 0T

¥ AR (25) . (26) RAFTR(23) . (24) P, BB HBR AT &4, BHEFHBR A, 4,
ﬁi%%%ﬁﬁ
(247 + MAy) +3mATA) + 6m4 A + 2904, A3 +

27712A1A2;12 + 2771222A1A26Xp(i6T1) = 0, (27)
I(SAIZ + 16771/42) + 48772/4%;42 + 96772A2A% + 27]12A2A% +
27712/41741/12 + 21712;11A1A2exp(i8T1) = 0, (28)

AT RR A Ty H—BFECTR).
B2 A, = a.exp(iB,)/2, FHHAATE(27).(28) , # AT LM MER T HEHRE

a; = - 11a)/2 - A1 Azagsiny, (29)
ay = - 20y - A Ayaysiny/4, (30)
a\fy = 3701/8 + 3mAla; + qpAfe; + paia3/4 + ppAiAjagcesy, (31)

azﬁlz = 37]2(13/2 + 12772A%0/2 + 7]12A%02/4 + 7]12(1%0/2/16 + 1]12A1A2010057/4, (32)
XB, 7 =0T - B - B
F(29) ~ (R2)AH—FUE RN TEK:

a) =~ 7161/2 - 4Faysiny, (33)
ay = - 2710, - Faysiny, (34)
Y = 8- (3n/8+ 7/16)ad — (37272 + np/4) a3 -

F(4ay/a; + ay/ay)cosy - Hy - H,, (35)

KHF F = qpAAy/4, Hy = 3mA} + A}, Hy = 129,43 + A/
FEMFRSWAE,4 o = a3 = 0.7 = 0, WFEFE(33) ~ (35) R EIHE 7,18
BT R FREM o M o, WRETEAH.

a, = 4(12, (36)
2573/4 + (8 - (1592/2 + 5q2/4) @} - (Hy + Hy))? = 25F7, (37)
LRI BN EZSBMERER, S8, A4 R IRBEASEHE.
3 REWES

T E X EAR R MM S IR T RSB NIRRT AT, BRI Liapunov B3 E I (U
B, R5EH T EFREMDMUBSITHREE KB THREG3) ~ GSMN—MEMUREL W
RYUEREMHEME. M, @MY Jacobi ERERH LRI BSEWBE o) = ay = 0.)
= 0 &M, TREIINT HE RERSHREERNFESE:
S /2 A 27, — 44,6,/5
n/2 _ 2 - A - 4a,6,/5 | = 0, (38)
G, - 36,/(20a;) G, +36G,/(5a;) -57,/2-2
A G, =06-H - Hy - (159,/2 + 59p/4) a3, Gy = - (37, + p/2) ay.
Xt (38) AT R IT , H— 1B H
B rcd’+ 04 +¢5 =0, (39)
AF, (i = 1,2,3) MK RBRER.
RERE R, A Y2 AHERSHA e, B4 RBEH; TN, REF -1
FRIEEREHBUEE, B EARREN.



958

TR AR A B R T

4 BESERM
AR HA R AR, 4

R SHS @ R 2~ B 5 4514

WX —

“HES TR }iﬁﬁ%ma%ﬂ%f‘%ﬁ Pl W (B A R R L5 AR AL 1 B I (SRR UR B E

#, Jﬁ%‘%ﬁ%ﬂﬁ%mﬁ@)

041 0.10
0.08
0.3
2
P,=2500N m 0.06
a 02 i a,
P,=3000N m 0.04
o 0.02
oL i 0
-0.8 -04 0.8
(a) —HrERIFR (b) ZHHEEFER
B2 EEsEE (B, = 0.5T.h = 4 mm)
04 0.10
03 0.08
h=40mm h=
0.06
a, 02 ay
h=3.Tmm 0.04 h=37mm
0.1 AN ]
Jh=34mm 0.02
0 i 0
08 -04 0 04 08 08 -04
ed
(a) —HIERBR b) ZHESELR
M3 mEER (B, = 0.5T,Py = 2500 N/n)
0.08 — —
0.3
0.06
0.2
a a, 0.04
0.1 0.02
| \
0 R 0 N B
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Pyt (N/m) P,/ (N/m?)

(a) —BrESER

(

b) ZHESE

B4 HROESFEM (By, = 0.5T,h = 4 mm)
Hy P 2 FEE 3 OB SR W) L, SeiR i 4k 2 B, TP RIS S b £ 26 B ETHE K 3Fik
Bl—Els, PAMELREHE, FEA TREMNIEELILRSE, REBERXAESE; 4
SRS I FYE 2N NE, REEMT | MBENELELR, BALHE



HOF B % B 959

B, RN, EREEHAN TRBSEHER (6 = 0) MEAERLABRER RS, B
FESR IR A 3 R (B 2) B R B9/ (B 3) RS R BN

HE 4 PR L, RA BB ERE — S ENBERRER T , A aMERENE S 3L
i, H 7 AR (L3O AIARRE (T SO BB EF FURE , MR 1% DU X LA 722 AL AR .
teA R 3 AR EERIR AT X R YRR AR R R ) S AR K T 1 K

M s LA L, AR KA, RRT AR E AR E KRR LS. SR

R R R R B —E N, ARS8 IRARFEZ R, WA LB B 758 E & Y

RBEMAREHRGERRG B, FSAE2~ B STl — “Vﬁ*?ﬂ‘lﬁﬁﬁ%ffﬁﬂ

- 007 ———— -~ ——
0.26 e5-04 ﬁ & 04
0.06
022 03D G030
a - a; 0.05 T
0.18 RN \
@02 Y] 004 & 02 P
(7 ere—— D e .
0 05 10 15 20 25 0 05 10 15 20 25
By./T B,./T
(a) —HrESHELR (b) ZHESHER
B5 WIEHHER (P, = 2500 N/m’, h = 4 mm)
0.10 — 80 ——
0.06 H H ‘ 1
40 ]
0.02 3
q, , S0
-0.02[ T )
i |
-0.10 N N —80L . T .
48.00 w04 4808 28.12 ~008  -0.04 0 004 008
t/s |
(a) —BMESHTER (b) —HrESHE
0067 o
( 2 .
0.02
5 |
7. F 0 !
-0.02
20
-0.06 . P R -40 P : ,
48.00 |04 4808 48.12 ~004  -002 0 0m  o00s
1/s 2

(e) KA ER
(i)ed =0

() ZHrESHA



960 T H TR PR B A 2 A S AR A
05— ————————— 150
0.15 100
! } 1 50
0.05 | *
q, i i S
-0.05 i i * &)
+ l | | -50
-0.25 : . A ; -150 ; ; 3
28,00 R T " ioRo lagay - IRIEET 288 “g2'%  -01 0 0.1 0.2
t/s 49,
(a) —prR SR FRE (b) —BriSAHE
120 | ——
o ‘-'-._. 400+
100 & = f-
g = 300+
| < |
2 3 z e ]
o ~ - r
©oeor 3% : w
% & I
40 3 = 100+
|
20 N et R 0l
-0.15 -0.05 0.05 0.15 0 200 400 600 800 1000
| w/Hz
(¢) —Hr 7 Poincaré & (d) —FriE A5 A
0.08
0.04
| ]
49 0 :
| | |
[ i
-0.04 ||
-0.08 L oL il .
28.0 28.1 282 283 -008  -0.04 0 0.04 008
/s 49,
(e) ZHrRAENERE () ZHrESHE
20 :
o 140
0 120
-20 100
3 -40 80 1
,. P
3 60
60
-80 wv“:{? e
20
-100 : ; ; 0 LA
~0.03 = 0.01 0.01 0.03 0 200 400 600 800 1000
9 w/Hz

(g) A Poincaré [

(ii)e =0.1

(h) Z B A



W OF B % ff 961
08
H T 500
0.4} ﬂ 300
100
g 0 l 3
! < 100
-04 } : r j
\ h -300t
I ]
-o80L_ . 0000 ] -500 . , .
28.0 28.1 282 ~1.0  -05 0 0.5 1.0
t/s q,
(a) —priAeEAE (b) —HrESHE
o —————————————— 3000
’ -
2500
100
2000
]
< -100 P 1500
g
’ 1000
-300 N ]
500
-500 . . - . 0 LL s
-08 -04 0 04 0 200 400 600 800
ql w/Hz
(¢) —B 7 Poincaré B (d) —BESHER
0.04 ' - -
60
0.02 40
20
2 w0
| o
' -20
-0.02
-40 ]
-0.04 . -60 ‘
28.0 28.1 282 -004 -0.02 0 002 0.04
t/s 9,
(e) ZHHESEEA (f) ZHrEsAaE
/ 1
80 1
40 J\
- 60 :
g 20 —_ P ]
3 = 40 .
of |
20 ‘ {
D J
-20 - . o — AL .
-0.01 0 0.01 0 200 400 600 800 100
q, w/Hz

(g) ZH R Poincart

(h) ZB RS R



G L AR A R S 2L AR T

962
047
| 150
02 100 :
50 RO
- AR K %4001
el 'A% v
‘11 0 ‘ ;—: 0 n\lm'-x
| | - KK JOR,
-50 00 O
~02} -100
[ -150}
-0.4. r ; B . : : .
28,0 282 284 286 5003 F-02 s o o2t D3
t/s q,
(a) —PrsZS a2 & (b) — BB AH &
— P R R
100 - e \ 800 F
% \
60t [/ \ 600
3 \
S 20 \ P 400
-20 N\ 200
~ v,
-60 A e A gl .
-03  -02 -0. 0 0.1 0.2 0 200 200 600 800
| w/Hz
(¢) —B 7S Poincaré & (d) —FrEESHgE
: : ;i , ; /
0.10 o
100
0.05 ‘ ‘
| {i 50 1
‘ | d | &
9, 0 afe i B
fq 3 ﬁ 5
~0.05 j =50
100
-0.10 ‘
: ; : ; -150 ‘
28.0 28.1 282 283 -0.10 -0.05 0 0.05 0.10
/s 4,
(e) ZHESHFERE (f) ZHESHE
250
607 TR
20t LY ]
- / Y 150+
= { ¥ ‘
5 -2 f 9 2
i 100+
-60 // 50+ 4
\\.
.""z:s...—"
=100 . . . \ . 0. A
-0.02 0.02 0.06 0.10 0 200 400 600 800 1000
g8 w/Hz
(g) —Bi s Poincaré [ (h) Z s s
(iv)ed = 0.2

i.net



WOF B Z ) 963
0.6 300 —
04 W
0.2 100
35
g 0 5
el
-02} - 100
-04}
-0.6 . -300 . .
280 28.1 282 =06 -04 -0.2 0 02 04 06
/s 9,
(a) —BHESHER (b) —BrESAHE
200 : - :
150 J 1600{
i
~ 100 1200+
3 , |
i~
® 50 800}
0 400
-50 \ . ‘ ‘ . 0 d A N
-04 -02 0 02 04 06 0 200 400 600 800 1000
49, w/Hz
(c) —HEZ Poincare (d) —MESHEE
0. : '
04 50 ——
0.02 30
5 10
9, 0 Y
¥ 10
-0.02
=301
-0.04 s L -50 . . L
28.02 ;2806 28.10 -0.03 -0.01 0.01 0.03
2
(e) ZHEARER () Z—HEAHE
0 ' ' ' 150
- 10
2 100
3 P
3 3 \
N\ 50
-40
-50 ‘ , . ‘ 0 JJL._Ll .
2010 -008 -0.06 -004 -002 0 0 200 400 600 880 1000
4 w/Hz

(g) ZB 7 Poincaré B

(V)ed = 0.24

(h) ZBriRSsE



964 5 L A G A 2 SRR AT

Bl e ey b 200r—— - —— }
0.2 100 o
i B
(A .
9, 0‘ i | ] .g' 0
i | l "
I )8
-0.2 100 XX
-04 ; . . 200 y : :
28.0 282 284 28.6 28.8 -0.4 -02 0 0.2 0.4
t/s 4,
(a) —BIHLASRT R (b) —BrtE AR
100 . - -
1200
50
0 ]
800
2 -50 l
5 P
100 1 400
-150 ]
-200 b " : . AAAJ 0
-0.3 -02 -01 0 0.1 0.2 0 100 200 300 400 500
| w/Hz
(¢) —Br 2 Poincaré &l (d) —MrEEHEE
0.15 ] : 150
100
0.05 5
e
9, e 0
35
-0.05} || |l _50
100
-0.15 . . " -150 L s R . ;
28.0 28.1 282 -0.10  -0.05 0 0.05 0.10
t/s q,
(e) Bt 2 () ZHrESHEE
150 : =N ’r———————————
100 /\ 200
g 0 ) 150
5 P
0 100(
-50 50
100 ’ : ob—e i) kLg
-0.05 0 0.05 0.10 0 200 400 600 800
q, w/Hz

(g) ZKiH7 Poincaré &l
(Vl) e =0

-3

(h) Z B

6 FRMASH TR IEE

l.net



W OF & &> Af 965

B, (HIRE A2 4 45, X 5(36) .37 HARME R 2 —30, T E S B ML, — ZHE
STHXNAEESISHSERFREZER.
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Abstract: Based on Maxwell equations, the nonlinear magneto-elastic vibration equations of a thin
plate were derived. The electrodynamic equations and expressions of electromagnetic forces were also
derived. In addition, the magneto-elastic combination resonances and stabilities of the thin beam-plate
subjected to mechanical loadings in a constant transverse magnetic filed were studied. By means of
the Galerkin Method, the corresponding nonlinear vibration differential equations were derived. The
amplitude frequency response equation of the system in steady motion was obtained by the method of
multiple scales. The excitation condition of combination resonances was analyzed. Based on the Lia-
punov stability theory, the stabilities of steady solutions were analyzed and the critical conditions of
stability were also obtained. Through the numerical calculation, the curves which resonance-ampli-
tudes changing with detuning parameters, excitation amplitudes and magnetic intensity in the first and
the second order modality were obtained respectively. The time history response plots, the phase
charts, the Poincaré mapping charts and the spectrum plots of vibrations were also obtained. The ef-
fect of electro-magnetic and mechanical parameters for the stabilities of solutions and the bifurcation
are further analyzed. Some complex dynamic performances such as the period-doubling motion and
the quasi-period motion were discussed.
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