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Development of a Magnetic Fluid Linear Pump

for Medical Purpose

by Kang Seo

Department of Electrical Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

Magnetic fluid is liquid, so it moves under the external forces. It is
also rigid under the magnetic field enough to maintain against the
external forces. This very special characteristic can be applied to the
various types of actuators or sensors. In this thesis, the linear pump
by wusing magnetic fluid was developed for medical purpose. the
advantages of the MFLP (magnetic fluid linear pump) is that it could

pump the non-conductive, non-magnetic liquid such as insulin or



blood because of the segregation structure of the magnetic fluid and
pumping liquid by thin rubber. The sequential currents are needed to
produce pumping forces. The excessive forces at pumping moment
could cause the medical shock, and weak forces at intermediate
moment could cause the back flow of the pumping liquid. So, the
ripples of the pumping forces need to be controlled for the medical
application. In this device, the pumping force and pumping speed
could be controlled by current scheme.

In this thesis, the method to compute the pumping forces of the
MFLP is derived. The change of magnetic fluid surface according to
the driving currents could be obtained by magneto-hydrodynamic
analysis so that pumping forces could be computed by integration of
the surface moving to the pumping direction at each moment.
Optimum design using 3-D finite element method with hydrodynamic
analysis was performed. The actual MFLP with 12mm diameter was
made and tested for experiments. The effects of driving current and
frequency on the pumping forces and pumping speed were analyzed

and compared with experimental measurements.

Index Terms : Finite element analysis, Fluid surface, Magnetic fluid,

Magnetic fluid linear pump, Magneto-hydrodynamics
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Table 1 Characteristics of the magnetic fluid and ferrofluid
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00 4 gy = 4o (34.1)

ot dt
F = p_d_Kd — pﬂ + o(V-V)V (3.4.2)
t ot

oJ71A pe T AAF FFoli, Vi &5 wEolth 2] (34.2)0 49
3 F& va3 2.

F= F'+F'+ F° (3.4.3)
o] 7|A Fe FHYoR

F® = —vU U= ogh (3.4.4)
o} a1 F'& J|AHo R

F" = —vP (345)
o, F'&= HA7|g o=

F ' = —vvVo (3.4.6)

oF A o71M Y= wiE e A7) ey A o]

r= — f MdH (34.7)
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oV

oa T o(V-v)V=—vU —VP —VvV¥ (3.4.8)

oltt. 4 (348)= tadt 22 WY 3ds ol &std

(V-V)V = V(-ZL VZ) — V(= V) (34.9)

oV

oGl + v(p+w+lpv2+U) — oVx(vxV)  (34.10)

2

o} o] A}, FA9 FE5o] i AN HEFe 00] Ak gapa
21 (3.4.10) A %tzw o] Hu&

v(P— fMdH+-2LpV2+pgh) — V(v V) (34.11)
(vxV) = 0, V= —-v¢ (34.12)
of & o] He&HAY. A 4 (3411
P, — [MaH + ‘2L,0V2 + ogh = C (34.13)

s ol Huk ol71A P, M, H, o, g k= 77 U 4, A, A7)
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Input the Fluid Volume Vo

Assume the initial shape S’
of Magnetic Fluid

Compute H' considering S’
by nonlinear F.E.M

Compute dynamic
constant Ci; by(3)

Compute S and Vi by Ci

k=k+1

No

Nve-vill < ¢

Compute H*"' considering S*"
by nonlinear F.E.M

No

WH*"-H*II < &

S*7is the curvature

Fig. 3.1 Numerical algorithm for the magnetic fluid shape
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Magnetlc Finite Maxwell

Field Element Equation
Distributions Analysis 1

Fluid Hydro.- Navier-

Shape Dynamic Stokes

P Analysis Equation

Fig. 3.2 Combined problem

T

(a) Computed shape (b) Photographed shape

Fig. 3.3 Shapes of the magnetic fluid under the magnetic field and gravitation

OOO®

Fig. 3.4 Examples of the magnetic fluid shape
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Fig. 4.1 Side view of the MFLP
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Magnetic Yoke Magnetic Yoke

/
Tube Magnetic Fluid Thin Rubber

Fig. 4.2 Front view of the MFLP

Coil Magnetic Yoke Tube

Fig. 4.3 Structure of the MFLP ( 3D )
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Fig. 4.4 Forward pumping of the MFLP
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Mode 1

Mode 3

Mode 2

Mode 1

Fig. 4.5 Backward pumping of the MFLP
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(a) Switching on

(b) Switching off

Fig. 4.6 On/Off of the MFLP
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Fig. 4.7 3D F.E.M analysis of the MFLP
( Magnetization of 1,4,7 yoke )
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4.8 Optimization of the yoke width according to the magnetic flux density
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Fig. 4.9 Optimization of the yoke thickness according to the magnetic flux density
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Fig. 4.10 Optimization of the yoke gap according to the magnetic flux density
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Fig. 4.11 Optimum volume of the magnetic fluid

_40_




Al 5 A MFLP A 2%+

Al 47 Aol HolEE EdE 24X MFLPE Al <tatadct WA #
o] AAE ARt o] AR sFo] 2] 39 AV|E HAASA
th 97 o] 13mmeolal W7 12mm¢Sl o] 9rFojAl F7 05mm< 4
s AFste] A 6mmel A7)l @35 A &S Fig 519 (a)=
Az 23 A7]E YeERNE Aol Fig 519 (b)) (oA Aze o

al
AE o] g3k Ay PFxLo Alo]=olt}, Fig 52% A A3k 279}

K

ko

Aol Abzlolt}, 27 0.2mmel ZALS 270 1000TS 7okt o] 3k
AE 7/ A&ste] Fig. 533 o] FHe| AZAste] MFLPE Al 2sk3
Q'. 7_-C4 s 71;110]}_1: 1501’111‘110]‘4' ,g_ﬂz_]'ﬂ 7FA& Smm= o]— Iq— Yz

23 Aolel AL BAA Y A HAL o gAAT. ARFAL AR

o] Sigma Hi-ChemicalAtell Al A2k N-504 RS A&t Th N-504
wdo] g 25L& Table 29, B-H Curve:= Fig. 5.4°] Ve AT

gk Al 3] AAAFA] Pl v A A G s A
Al MFLPO] #ujell A e] A fFA1e] &3S Hlastr] flske] Fig. 55
2o dEo AF FAE AT Fig. 559 ()& 8737t & A=

v s R A5el 27), AAeAe S we AgdgAe s

£ Edslr] 918 Aol Fig. 550b)E £37F F ME AV = @
= 2 dS Aol g A FAe] WstE g<lskr] fg Aotk

_41_



13mm

(a) Size of the magnetic yoke

=N

00000 \.'\\\\\\\\\\\\\
[

e

\n‘\\\%\ >

150mm
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Fig. 5.1 Size of the magnetic yoke and MFLP
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Fig. 5.2 Fabrication of the magnetic yoke
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Fig. 5.3 Fabrication of the MFLP
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=

Magnetizati

Table 2 Spec of the N-504

Fluid Type N - 504
Specific Gravity 1.40

Viscosity 25 mPa-sec
Magnetization 56.1 mT

—
A A A
0 200 400 600 800
Magnetic field (kAT/m)

Fig. 5.4 B-H curve of the N-504
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Magnetic Fluid

(a) Yoke

Magnetic Fluid

(b) Two yoke

Fig. 5.5 Measurement by shape of the magnetic fluid
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Table 3 Compare of analyzed and measured data

Analysis Measurement
MMF 500 [AT] 500 [AT]
Resister 6.737 [Q] 8.2 [Q]
Voltage 6.7 [V] 8.5 [V]
Magnetic Field 360 [G] 340 [G]
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Fig. 6.1 Magnetic field inside the MFLP (mode 1)
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Fig. 6.2 Magnetic field inside the MFLP (mode 2)
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. 6.3 Magnetic field inside the MFLP (mode 3)
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(¢) Photographed

Fig. 6.5 Front view of the magnetic fluid inside the MFLP
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(a) 3D analysis of F.EM

(b) Computed of numerical algorithm

{c) Photographed

Fig. 6.6 Side view of the magnetic fluid inside the MFLP
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Fig. 6.9 Movement of the magnetic fluid inside the MFLP
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(a) Switching on

(b) Switching off

Fig. 6.10 On/Off of the MFLP
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Fig. 6.13 Effect of the driving speed
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Fig. 6.15 Effect of the driving current
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