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Numerical Analysis of a Coupled System of Magnetic Fluid and Elastic Membrane
Using the GSMAC Finite Element Method
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A coupled system of magnetic fluid and elastic membrane is forced to move by applying magnetic field. In this
paper, basic behavior of the coupled system against the pulse magnetic field is numerically analyzed using the
GSMAC finite element method. The results of the simulation agree qualitatively with the previous experimental
results (the authors, 1998). It is shown that the maximum displacement of the membrane depends on the depth of
magnetic fluid layer. The depth that gives the maximum displacement is independent of the length of the magnetic

fluid layer and the input conditions of applied magnetic field.
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Fig. 1 Analytical model.
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Table 1 Physical properties.

Pr 1.402x10° kg/m’ Py | 1230x10° kg/m’
Uy 2.00x107 Pas ¢ 0.35 MPa
Xm 6.575<107 Wbh/A'm ¢y 0.25 MPa
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Table 2 Numerical conditions.

Model L (mm) hy-(mm) 1(A) 1, (Ms)
A 80~150 5 0.5 20
B 100 3~15 0.5 20
C 100 3~15 0.8 20
D 100 3~15 0.5 40
ZQvlﬂm
o g
71 ﬂ ' K 8;
b A AT |
.« 50 mm .

Fig.2 Distribution of the magnetic flux density.
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Fig.3 Displacement of the center of the membrane under
steady magpnetic field (=100 mm, /=5 mm, i = 0.5 A).
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Fig.4 Displacement of the central position of the membrane
(L=100 mm, A= 5 mm, i = 0.5 A).
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Fig.6 Velocity vector diagrams (L = 100 mm, A= 5 mm, i = Fig.7 Contours of pressure (L = 100 mm, #,= 5 mm, i=0.5
0.5A,t,=20 ms). A, 1,720 ms).
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Fig.8 Displacement of the membrane at the center.
(hr=5mm, i=0.5 A, ,,= 20 ms)
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Fig.9 Effect of the length of vessel on the shape of the
membrane (h=5 mm, i =0.5 A, t,= 20 ms).
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Fig.10 Displacement of the membrane at the center.
(L=100 mm, i =0.5 A, £,= 20 ms)
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Fig.11 Effect of the depth of magnetic fluid layer on the
shape of the membrane (L= 100 mm, i = 0.5 A, #,,= 20 ms).

ThUE, BMERARIRSNRELSRBIEICLY, B
SHHC BEBEmOFEIVNELSRY, BELICILSR
Bl ThDHEEZLND, Figll IZBWT, KEFH
DEORIBINED Z b, BEREBREREDD
L DOEENT D Z LMD, Model B DFHE
FERD OB v, (IR AB IR S SR 51220
REL BN, OB THAEIZMRL TV Z E53D
Motz, 4. 280 SEOBENT, BMERED x #h7E
DOFEMEIETHZ EICEVELDZ Edbho T
L, ZD7=w, BEVEREBIRZ /NI L BIRER D
HENKEL, FEROGENHEIND 2D, HOH
BEEAPUNSL B EEZBND, £ LT, BMEGRERE
—TELERELS D L, BRBERDOEEN+H/HEL
BB, WORENEDLLRL 25 EEZBND,

4.3 FBEEEICT B AT DR E
42 806, B EE L ORKENL & OB EDHE

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HBARAEM % &3 Vol 18, No. 4 (2005)

. o
B
4]
? 0.8+ 2] 7
N ? .
%
g 8
Mo 0.6- O =05 A, 1,=20 ms a I
o =0.8 A, £,=20 ms
& =0.5 A, t,=40 ms 8 )
4 S
0 35 10 15

Depth of magnetic fluid layer A; [mm]

Fig.12 Maximum displacement at the center of the
membrane vs. depth of the magnetic fluid layer (L = 100

mm).
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Fig.13 Wave velocity vs. depth of the magnetic fluid layer
(L = 100 mm).
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