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Fig 1 Soft ferromagnetic plates placed in transverse magnetic field
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vV *Bi(x,y,z) = 0, vV x Hi(x,y,z) = 0, Q (1. 1)
VvV *B:(x,y,z) = 0, V x H2a(x,y,z) = 0, Q (1.2)
n* B:- B2 = 0, nx (Hi- H2) = 0, S (1.3)
B2(x,y,z) = Bo(x,y,2), (1. 4)
,V:§i+§j+£k ;N ; B1 (x, vy,
z) B2 (x, vy, z) i Hr (x, y, z) H2 (x, v,
z)
B:i(x,y,z) = wmouH 1(x,y,2) (1.5)
B2(x,y,z) = woH 2(x,y,z) (1.6)
Ko ;o Mr
P, vy, z),
Hi(x,y,z) = V dP(x,y,z) , H2(x,y,z) = V @(x,y,z) (1.7)
1 1) 1 4
Vz(k(x,y,z) =0, Q (1.8)
vi®(x,y,z) = 0, Q (1.9)
urm%l'll: &é‘(i'a]l'l)' q?(x,y,z) = q?(x,y,z) , S (1. 10)
v P(x,y,z) = 'ZLO, (1. 11)
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current model
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f =M (ro) * VB (ro) (1.14)
c=M (ro) x B (ro) (1. 15)
(1 14) (1 15)
B M (2]
(1 5)
_ X
M = 1= Lo s 1 (1. 16)
X=pu- 1 . (1 16) M
B (ro)
c(ro) =M (ro) x B (ro) =0 (1.17)
f () = N85 g () (1.18)
(1 5) (1 16)
(1 18 )
Fx(x,y) = Ka;‘mg?/;H i(x,y,z) dz (1. 19)
Fy(x,y) = Ku;_méff ?/:/sz(x,y,z) dz (1. 20)
F.(x,y) = K%‘&[Hf(x,y, h/2) - Hi(x,y, - h/2)] (1.21)
2
%‘+ %“+ Fx= 0 %‘“+ %“+ F,= 0 (2. 13, b)
%+ %4 F.+ NX%AZL+ Ny%ﬁ mxy%:O (2.1¢)
oM. My /R I
Qx = X + a/, Qy X + a/ (2.1d,e)
éj:%"+ ‘;‘[%ﬂ . §= %+ jz‘[%ﬂ 2 (2.2a,b)
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X= - 5(@; X = - gz Xy = - —@—&@/ (2.24d,e,f)
o_ 1 o_ 1 _ 20+ v
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Mx=D (X+ W)My=D (X+ WX)Mxy=D(1- v Xy (2.3d,e,f)
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. . _1_ h/2 )
Nx =Ny = - ZXIJOIJJ‘»h/zH i(x,y,z) dz (2.5)
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- B EE .
von Kaman
[13]
@7 (1 11) 2 7, (2 8

(1 17, (1 18,



656 1996 28

M oon Pao , , M oon-Pao
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Fig 4 Theoretical predictions of critical buckling magnetic field for
cantilevered beam-plates in uniform transverse magnetic field
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Fig 5 Comparison of theoretical predictionsw ith expermental data
for buckling magnetic field of the cantilevered beam-plates
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Tablel Comparison of theoretical predictionsw ith expermental data
. . . 5 ux
of buckling magnetic field| B =
gmag (1o E) 1/2
L /h Bwm Be BF a:B‘Mi—B‘Eme% @:B—Fé:B—Ex 100 %
E
40 16 55 9 29 10 01 78 15 7 75
50 11 84 7. 02 7 12 68 66 1 42
60 9 01 5 02 5 17 79 48 2 99
62 5 8 47 5 48 4 98 54 56 -9 12
75 6 45 3 89 3 97 65 81 2 06
125 3 0 2 31 2 18 29 81 -5 63
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A THEORETICAL MODEL OFM AGNETOEL ASTIC BUCKL ING
FOR SOFT FERROM AGNETIC THIN PLATES

Zhou Youhe Zheng Xiaojing
(Dept o Mech , Lanzhou U niversity, L anzhou 730000, China)

Abstract A san essential model of magnetoelastic interaction betw een magnetic field and
mechanical deformation, the study on magnetoelastic buckling phenomenon of ft
ferrom agnetic plates in amagnetic environment has been conducted One of the key steps
for the theoretical prediction of the critical magnetic field is how to formulate magnetic
force exerted on themagnetized medium. Till today, the theoretical predictions, from all
theoretical models in publications, to the magnetoelastic buckling of ferromagnetic
cantilevered beam-plate in transverse magnetic field are higher than their experimental
data Sometmes, the discrepancy betw een them is as high as 100%. In this paper, the
macroscopic formulation of the magnetic forces is strictly obtained from the microscopic
Amperion currentmodel A fter that, anev theoretical model isestablished to describe the
magnetoelastic buckling phenomenon of ferromagnetic thin plates with geometrically
nonlinear deformation in a nonuniform transverse magnetic field The numerical method
for quantitative analysis is employed by combining the finite elanental method for
magnetic fields and the finite difference method for deformation of plates The numerical
results obtained from this new theoretical model show that the theoretical predictions of
critical valuesof the buckling magnetic field for the ferromagnetic cantilevered beam -p late
are in excellent agreement with their expermental data By the way, the region of
applicability to the M oon-Pao’smodel, or the couple model, is checked by quantitative
results It is the sane as the prerequisite conditions of theM oon-Pao’ smodel

Key words ft ferromagneticmedium, nonlinear thin plates, magnetoelastic interaction,
theoretical model of buckling, critical magnetic field



