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Abstract: The major uncertainty factor of the magnetic lev-
itation densimeter, which is one of the most accurate densime
ter, is the force transmission error caused by the magnetisni——
of the fluid. We have examined thigfect by FEM, and pro-

posed a new method for the magnetic levitation densimeter. ] nonmagnetic housing
. . o ' /feromagnetic core
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1 INTRODUCTION D

PVT property standard technology including a density stan

dard of fluid is becoming more important as basic informatio
) , ) : (A) (B)

of thermophysical properties of fluid. Currently most precise ) ) _ ) )

densimeter with magnetic levitation[1] has limit of accuracyF'Q- 1. Single S|nl'<er magnetic suspension densimeter(1]

due to a magnetic force-transmission loss[2], by about 106 - tare position B - measuring position

ppm of density. In this paper, the authors analyzed thexe 22 Error in measurement

by FEM, and pr_oposed a new t_echnique for precise denSitKuramotoet al.

measurement with magnetic levitation.

———tantalum and titanium weight
g

[ 1] electric balance

titanium sinker

LVDT

[2] from our group, developed the system
for calibrating density standard liquids by using MLD. They
2 CONVENTIONAL TECHNIQUE employed silicon single-crystal as sinker material since its
density can be precisely compared with silicon single-crystal

2',1 Principle o , , _sphere of 1 kg[3], used as the solid density-standard in Japan,
Fig. 1 shows the principle of the conventional magnetic leviyith relative uncertainty about 1x40°5. It is expected to de-

tation densimeter (MLD) developed by Wagreal. [1]. By crease the density measurement uncertainty, however, there
changing the vertical levitation position from the TARE posi-\, o< certain density discrepancy of aboutl0* between

tion, TP (A) to the MEASUREMENT position, MP (B), the heir gata and those by other experimental method. Kuramoto
apparent mass of the titanium sinker can be measured by teg) hointed out this error is caused by weak magnetism of
electric balance. The fluid density is obtained by the fluid. They corrected thisflect by using the literature
values of the magnetic susceptibility to decrease the density

M MOYVL
Piuid = Psinker = (M = M%)/ Vsinker @ measurement uncertainty to &70-° in minimum.

whereM? andM are the apparent mass at TP and MP. _ 3 DISCUSSION
It should b.e.noted that the permapent magnet levitate aé_l FEM analysis
Zero power position where the magnetic attraction force be- ) )
tween the electromagnet (ferromagnetic core) and permanelft 0rder to study the error mechanism of the magnetic force
magnet balance the gravitational and buoyancy force workiny©rking on the fluid Fauiq, present authors conducted a FEM
on the permanent magnet (and the sinker), so as to eIimina?é‘alyS'S of magnetic forces working on the fluid, as shown in

the coil current which induces the convection around the mag=19- 2. As a result (see Fig. 3), it is found that tgiq pri-
net and disturb the mass measurement. mary depends on the vertical position of the permanent mag-

The experimental uncertainty of this method is about @, net. TherFy,iqg change before and after exchanging the sinker

mainly due to the volume calibration by measuring pure waWill decrease to 10 by keeping the permanent magnet po-
ter. sition constant. The attraction force between the permanent

maget and the electromangBfaagnes Can be regulated by ad-
justing the vertical position of the electromagnet.
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Fig.2. FEM model and results—magnetic flux lines and
a contour of magnetic flux densit,: a, permanent magnet;
b, ferromagnetic core; c, paramagnetic fluid; d, cell material,
e, coil; f, magnet covésuspension rod.

3.2 Levitation position Fig. 4 .
From the present FEM analysis result shown in Fig. 3, it iSinker

also found thafyig linearly changes withrmagnes It is writ-
ten as

New Magnetic Levitation Densimeter with Dual

force transmission error can be decreased and corrected to be
negligible.

AFfuid = 8AFmagnet (2) 3.3 New magnetic levitation densimeter

. N B h Iytical Its, th h
If there is two diferent density sinkers 1 and 2, apparent masg a\f:c(ijeosr;gtnee dp;er?:\lr\:t dir;\?-)s/itflfe rr:/ISLthSs’r:ov?/npirr?Slfigt ZutTgrs

difference is expressed as Eqgs. (3) and (4), so that the flu o S
density is obtained as given in Eq. (5) by eliminating the "n_&%‘ntrol the permanent magnet position constant, a tiny linear

. ; actuator is installed. Germanium single-crystal were decided
earity parameten. to be used as the second sinker material, since it is excellent
in isotropy, stability and universality of thermophysical prop-

AM; = (@+ 1)(0sinker1 — Pfiuid) Vsinkert A3) erties as.smcon single-crystal. By adjusting the surface area
of both sinkers same, an adsorptidfeet of gas can be also
AM3 = (a+ 1)(psinker2— Pfiuid) Vsinker2 4) canceled.

M2Vsinkerwsinkert — M1Vsinker®sinker2
IV|2Vsinker1_ MlvsinkerZ

Piuid = ) 4 coNcLUSION

order to improve the density measurement performance of
e magnetic levitation densimeter, the present authors have
groposed a couple of techniques to eliminate the uncertainty
caused by magnetic force working on diamagnetic flbigiq,

z,+z, [mm] by using (1) dual sinkers and (Il) controlling the levitation
05 mere——3 7 6 height of the magnetic coupling. Careful FEM analysis was
made to examine arffectiveness of the present technigues. A
0.0 E—— magnetic levitation densimeter with dual sinker is now under
' development.
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The imparfectness of the assumption in Eq. (2) is about i
ugf, correspoinding to density relative uncertainty o1,
Hence it is concluded that by using dual sinkers, the magnet
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