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Abstract The magneto-elastic random vibration equation of a fixed rectangular plate in a magnetic field with non-stationary
random current was derived based on magneto-elastic theory and the theory of of random vibration of continuous. The random
displacement response of the plate was analyzed on the assumptions that one part of the coupled part of the Lorentz force is a kind
of damping and the other part is random distributing load. The mathematical expectation the auto-correlation function the power
spectral density function of the random displacement response of the plate with non-stationary random current were obtained. As
an example the power spectral density function and the mean square value function of the displacement response of a fixed plate
with non-stationary random current were calculated. The diagrams of the power spectral density of the displacement response
velocity and acceleration at center point of the plate were shown here. The changes of the diagrams of the power spectral density
indicated the effects of the coupled parts of the Lorentz force to the random displacement response.

Key words Non-stationary random current; Magneto-elastic; Random vibration; Power spectral density function

Corresponding author: WANG Ping E-mail wangpin0721@ 163. com +86335-8074576 Fax: +86-335-8057101

The project supported by the Natural Science Foundation of Hebei Province of China. (No. A2012203140) and the the
Open Foundation of the State Key Laboratory of Nonlinear Mechanics the Institute of Mechanics Chinese Academy of Sciences.

Manuscript received 20130617. in revised form 20140218.

* 20130617 20140218 o (A2012203140) . 2013
ok 1965 1



36 5

677
2
N 2.1
; N N a b ho
P(x y 1) o
2 12
5
: Dy V(e y 1) + ¢ LE YD
' dx ot
. 3 Y RAGCEE) B C RO
dy ot J7t
P(x y 1) 3)
ah’ bk’
o 4 I = 12\]),— 2 c
’ > 2.2
B(B, 0 0)
6
. J= (@) J,, (1) 0). (1) 3)
o 2
Dy Viw(x y t) +ph8w(gcfyt)+
t
89 5 5
dx 0t ’ dy ot
o am am,
F.+P t e 4
PGy )+ e @)
11
h/2
Fz = _’]/2(_]&),3:( _]y‘Bx)dz
m,=0m, =0 )
J('ly Yy ;])
1 y
0 - xyz Xy J, = o(e, + %Bx) (6)
‘ ’ e) g o
a1 ). () “)
P(x y t) =0
2
Dy Vi +ph 08 = F o p oy O O @)
M P4 z z
It o o 82w(x t)
yé Dy Viw(x y 1) +phT2y+
2 2 2 2
V4=V2V2=(L2+872)(872+672)= Clasw(xyt)*_CI‘asw(xyt)*_
a9y o dy T ata Y ayta
d* o d* aw(
2 + 2 2 2w(x y 1) _
ax4 axzayz ay4 ( ) O'th Py thJnly(t) (7)
ER’
t iDy = —5C
w(x Yy ) M 12(] _vz)
E v h 13
F, z ;P z
ym,m

Y

P(x y 1) = Q(x )f(1)

Q(x ¥) (x ¥)



2014

678
) (O) t P(x y 5?4 v, = fj: G,(t - 7)h;(r)dr (16)
m,(x v 1) = QCx Y)m(1) T Tl b By
Rp(xl Y1 %y ¥asl tz) = E P(xl Y1 tl) ®) o
P(x, v, 1) = Qx y)Q(x, yZ)Rf(ll t) hy = ZLTJ Hi/v(w)exp()\a)t)da) an
Ri(1, 1) £ : A
3.1

1
H. = 18
,]((1)) (wi _ wz) + 2A§ijwija) (18)

@ (i 220Dy
(10). (12)  (16)

(-hB.J, (1))
w(x y 1) = Z zlgol,(x D[ 6, - k() dr

(®)
155 v J
(19)
m,(x v 0) = ~hB.g(Dm, (1)
Rp(xl Yi Xy Yot ) =h233g(t1)g(tz)R1),(t1 -t,) © @
m,(xy ) =Elw(y y D] = Y Y ei(x p)x
(9) i=1 j=1
g(1) t m, (1) J, +@ ca b — 4B
- [ .
(1) o Ry (1, —1,) J, (1) (2n + 1)*abp
o g(ymy h,; () dudvdr (20)
(7) 15 167468
Gro=3 i GOY@ 00 RO 6 165,
= X
w x y QX y) I W\ by XY (on + D* (abp)z
Gpij(x ¥) (l )] Yij(t) * ® ® @ +o a b oa b
G i) Y I Yeat e[ [ Hw
12 /7 = s=
o Hy, (- 0, (uy 1)y, (y 1,)8(1)8(1,) S, (0) %

exp(- Aw(t, - t,))du,dv,du,dv,dw

e (xy) = (- coszm-x)(l - cos%%) (11)
a

1. (an M 6 oo
DB,

S
e P PUNPTIE 2

a b a

V(1) +2L,0,Y,(8) + Y, (1) = G,(1) (12)
G, (1) e;(x ¥) @ (x y)ffff H(w)H, (- w) X
ot (uy v) e (uy v, S, (w)du,dv,du,dv,
ng)=——¥giﬁ£ﬂ£9—4'j¢ﬁcxy)dx@/(m) 0, 1)@ (uy 1) (1)S,, ()
1)

(2n + 1)*phablo Jo
(). av) (@3]

(i)
Cul? 2im * ., 2y
26090 “aa+ 1y ) TPG) -
S = 2 S X
B oy + 22 (14) ot = e (05,60 G T Gy
p y—y p ®© © 2”1- 2 . )
_ slmy 2y
N [ R A P ER R (R £
a, = a b a b Vb 5 5
LJ;(I — cos ﬂ)(l — cos ];Ty)dxdy 2
a
(22)

(w% - wz)z + (2§i;'wifw)2

D/l/la2 ij
L= M2 15 @i
@i (2n +1)°ph (15) . Xy

(12)



36 5

679

4
a=0.8 m

b=0.6 m h=2x10"m v=
0.25 p=7.8x10" kg/m’ E =210
GPa w=314.16 s C, =
0.04 S, oc=6.3x10°(Q*m) " B, =0.2 T

]sy(t) S‘/” = 4 X 1012
(A/m*)?/Hz.  g(t) =sin wt
w; =

2 2 2 2 2 2
D,L2CT +2(H + (D +(H }
a b a b
9ph
254.76 rad/s (23)

1 .
a by _[16B) .,
S, (vt 5 o) T ( 5 ) sin (a)t)S]v(w)
! = 6.937 x 10* x
(wfl - wz)z + (2§1lw11w)2
sin’ (wt)
24
(0" +2.531 x 10°0* +3.264 x 10%) (4

1
Fig.1 The auto-power spectral density map

of displacement at mid-center point on the plate

(14) (O'Bf)

p

Fig.2  The auto-power spectral density map of displacement

at mid-eenter point ignoring coupled parts

3
Fig.3  The auto-power spectral density map

of velocity at mid-center point on the plate

4
Fig.4 The auto-power spectral density map of velocity at

mid-center point ignoring coupled parts
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Fig.5 The auto-power spectral density map of

acceleration at mid-eenter point on the plate

Fig. 6 The auto-power spectral density map of acceleration

260 Hz

at mid-center point ignoring coupled parts
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