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: MEASURING THE DENSITY OF GASES NITH THE AID OF FP MAGNETIC SUSPENSION

- TH. GAST and K.-P. GEBAUER .
Institut fiir MeB- und Rege]ungstechn1k der Techn1schen Un1vers1tat Ber11n

. ABSTRACT

Tvo types of - balances for the measurement of gas densit1es are described. The
first is der1ved from the well known gas density balance-by the application of
automatic compensation. The second useS'free magnetic suspension of a hollow
glass sphere,where the exc1t1ng current of the magnetic system serves as the
s1gna1 for the buoyancy.

Measurenent of the density of gases is important in chemical production. It
can also contribute to the analysis of mixtures, as it is obvious for binary
ones. IF comb1ned with the determination of other physical propert1es, it may be
useful for the analysis of ternary mixtures /1/. -

One of the most simple - and accurate measuring methods for the dens1ty of
f1u1ds is based on. the buoyancy of a solid body.

99"

_- where g is the dens1ty to be determ1ned g the acce]eration of_fa11, V the
volume of the body. o
Starting from the principle of automatic compensation, wh1ch is to day a
common feature of a]] vacuum balances, we. have built in our. laboratory a density
: ba]ance for gases. Figure 1 1s a schematic drawing of the instrument.
The balance beam carr1es on. the left side a hollow sphere ‘of glass, while to
'.the right end two’ d1scs of glass are fused These discs support two flat coils,
which- at preSent are wound of copper wire and remented to the outward directed
-surfacesof the d1scs._ In an advanced Stage of deve]opment they will be produced
by photoetching. ’ o . S . .

A pa1r of horse shoe-magnets generates a magnet1c f1e]d, wh1ch penetrates the
upper and 1ower parts of the - coi]s._lf a. current f]ows through the co1ls via the
_” taut. bands by which the beam is suspended,_1t generates a Lorentz force, wh1ch _
ri'can be used to compensate the buoyancy of the sphere- In equ111br1um, the current
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Fig.1 Schemuﬁc drawing of the gas
density balance
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Fig.2 Seclional drawing of the self
comensating Bodenstein mancmater Fig.2 Calibration curve of the Bodenstein manomater -



is proport1ona1 to the dens1ty of the gas 1f the system has been equ111brated 1n
vacuum. : : ©E T L

The pos1t10n of the ba]ance beam is observed by a capac1t1ve detector, wh1ch
"is formed. by one evaporated meta] e]ectrode at each adjacent - surface of the glass
p]ates and’ three solid electrodes attached to the casing of the balance and
arranged centra]]y between the g]ass plates.If. the balance beam is def]ected
_the electrodes on the g]ass plates are displaced and the mutual capacitances bet-
ween the outer e]ectrodes and the central e]ectrode of the stationary system are
changed in opposite sense. With the aid of a carrier frequency system, the dis-
'p]acement is converted into a voltage, which controls. the compensat1ng current.

It should be_ment1oned that the whole movable system has to be covered with
evapbrated glass, to ensure the internal mass compensation of sorption layers,
which is poss1b1e, 1f the surface area of the glass plates equals that of the
sphere. - '
~ The system has so far shown an accuracy of better than 10~
under test with air, nitrogen and hydrogen.

_ 'In order to make automatic corrections mith regard to pressure, an automati-
‘cally Bodenstein-Manometer /2/ has been developed, which is shown in the sche-
matical diagram fig. 2.

A hollow helix of fused quartz is deflected by a differential pressure. By
the def'lectwn, a quartz fiber is bent, which, for its part, exerts a force on
a lever. This force is compensated by a flat coil between the poles of two horse
shoe-magnets. The position of the lever is observed by a capacitive detector of
the kind used in the density balance. In equilibrium, the current through the
moving coil is proportional to the pressure difference. The influence of the
modulus of elasticity is eliminated. A calibration curve of the manometer is
shown in fig. 3.

In an earlier paper 73/ the use of free magnet1c suspension for density
- measurement has been suggested. For this purpose, the lower magnet in the sche-
matic drawing of fig. 4 is enc]osed'in a giass'enveloppe, whi]e'the upper one
is suspended from the beam of .an electron1c analyt1ca1 balance.

_ In order to attain a. better stab111ty of -the suspended body, which is a
ho]low ‘'sphere of ' glass w1th a diameter of 5. cm, 1t is provided with two flat
cy11nders of cobalt.iron a11oy. These cy11nders are attracted by two magnetic
systems fixed to- the casing, as it is shown in f1g 5. It can be seen from the
slide, that the magnet1c systems are composed of soft iron cy11nders. provided
with contro]_wind1ngs and enclosed by a_cy11ndr1c shell and that. two permanent
- magnets are inserted betmeen the distant ends of the'iron'cy1inders“and'the flat
. bottoms of ‘the cas1ngs “Thus, a permanent magnetvc Field. is generated 1n each
.gap near the sphere. The permanent magnets are proport1oned in such a way,_
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Fig. 4 Gas density measurement with the
aid of magnetic suspension

2L Ll

permanent _— b= soft iron
magnet l ; |
Xg h i
/‘——D\(lﬂmow sphere
IL } - }( zeraposition -
sSensor ring .
ferromngnehc cylinder
Xy :
3 E soft iron
permanent
magnet 77277

Fig.5 Magnetic suspension of the sphere

fixed electrode
ES] elec- connected
trodes to sphere
Lt
phase
osdillator - D sensitive {>
rectifier to electromagnets
L 1

Fig. 6 Blockdiagram of the position control



- that the sphere can be supported in a central pos1t1on between the po]e p1eces
with rather strong radial restor1ng forces. S o

The necessary ax1a1 restor1ng forces are generated by a contr01 circuit,. com-
-pr1s1ng a capac1t1ve sensor, a controller and amplifier and the control windings
‘around the magnets. Figure 6 shows the block diagramm of the position control.
The sensor is der1ved from ‘the f]at one used in the density balance and the
manometer. It consists of one meta] ring attached to the sphere and three coaxial
rings, rigidly held in pos1t1on by insulators connected with the casing. The
characteristic of the sensor is shown in fig. 7. Batween the forces acting on the
ferromagnetic cyl1nders at the sphere.and the current through the contrcl win-
dings, a parabo]1c 1aw is valid, as can be seen in the diagram of fig. 8 with
distance from the upper pole as parameter. It can be seen, that in the central
position, the superposition of the parabola for the respective forces results a
straight line, which intersects the F-axis at the value of the weight.

If the'system:has beén eduilibrated in vacuum, the current will be proportio-
nal to the density of any gas admitted to the recipient. )

At present, the useful resolution is 1 mg/1. The drag of streaming gases pre-
‘sents a problem. For one thing, the exchange of gas should be as fast, as the
response time requires, for another thing, it sheuld be as slow as possible, to
avoid erronious forces. Careful design of the casing will permit a useful compro-
mize between speed of response and accuracy.

As in the case ‘of the already described density balance, the measured densities
have to be reduced to standard conditions. .

A microcomputer has been prepared for this task. It is fed with the value of
absolute pressure, provided by the Bodenstein-Manometer and the value of tempera-
ture, contributed by a measuring circuit with a platinum resistance thermometers

The influence of sorption Tayers at the surface of the hollow sphere can be
eliminated, using a sacond magnetically suspended body of the same surface and
weight as the sphere but with a considerably smaller volume. This body could
f.i. consist of two slotted circular discs put together in perpendicular position
and provided with pole pieces, just as the sphere. The difference of the control-
Ting current of the two systems would be independerid of the amount of adso#bed
gases or vapours.
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Fig.7 Characteristic of tha sensor
Fig 8 Static characteristic of the magnatic suspension
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