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Sensitive Mercury-Level Detecting Unit for Manometers

W. E. Williams, Jr.

An slactronic limtrutent s been developed fo detapming the differential height of the

two ARTIME of & Ioercuwry mAendmater.

The [pstrument has & eensitivit

porpespunding o

(.0005-inch height diferential, and the pickup units are designed to provide this patformanee

at Abaolute preamires up to §5, 000 nounds per egtare ingh. 1732 fs asde of 8 high-f

UENCY

mutual-inductanes micrometer, with the topa of the mersury columnns serving es the referenca

surfaces,

1. Introduction

The seneitive level-detecting unit woas primarily
developed to locate the morcury aurface in an
wue, closed system of an B-m manometer to be

in calibrating working etandards for high pres-
sure. The detecting unit described hare was devel-
oped in tha Electronic Instrumentation Section of
the Bureau for inelusionr in & msnometer that was
dﬁ:iﬁ:wj' and is how being conatructed by the Bureau's
Mechanieal Instruments Section.

The applicstion of thtﬁjllnc'lgh- ressure Manometer ag
an aceurate primary standerd will be focilitated by
the deszireble characteristics of the detector, par-
ticularly in the precise determmation of certain
“fixed points' usable m the calibration of piston

nzed as working standards and oiher instru-
ments.  Such fixed pointa of pressure may include
melting or freezing points of pure substances, equi-
[ibrinmn points in multiphase systems, or other
phenomens.*

A simplified schematic diagram of the manometer,
figure 1, shows the two pressure chambers, or ma-
nomater eells, connected by tubing, Tha two manom-
eter cells are separated by a wvertical heiﬁht., b, of
approximately 8 m. The lower half of the 1%-in.-
diametar cavity in cach cell is filled with a mereury
pool, which is part of the mercury column. The
remaginder of the cavity is filled wath ol from the
two oil lines connecting the colls with points A and
B. 'The alectric pickups, or probes, are mounted in
tha oil above the surface of the mercury. ‘The differ-
ence it pressure between A and K is chiasined from
calculatzons based upon an accurate measurement of
distance I,

_ The height. of the merc column iz determined
in two waye, The distance between visibla reference
marks on the two calls {8 determined by & suitable
TMERLS.
the cell in relation to the applicable reference mark
ig determined by the mereury-surface-sensing unit.
The sensitivity of this unit {about 0.00008 in. for
the emallest division on the meter} is ample, and it
is axpected thds thiz unit will not he the flmltmg
factor in the aceurney of the premure measurements.

As this manometer je for use at pressures up to

35,000 !b/in.? it i8 to be comstructed of steel, and the

'W. 3. Brobochier, qomé prebbems in the Drecies messurement. of predtiose’
ToAwrmusnes B 30 (1ue),
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The beight of the mercury surface within -

uzual optical methods of observing the mercury were
not coneidered practicable. A enpacitive system wae
rejocted hecause of the preseace of ofl, which i wsed
as the sura-transmitting fluid in the manometer.
In addition, the low-level ouiput of & capacitive-
measuring sy=tem would have been masked by the
capacitance of the long leads required in this appli-
cation. _ )

After consideration of geveral possible methods of
locating the mercury mlut'ﬂ.liﬂ-; a version of the
mutual-industance miecrometer * was decided upon.
This tnstroment utilizes the varietion in mutual in-
ductance between two fixed coils to provide an
indieation of distance. The two fixed coils are
wound on & single form in planes perallel to the face
of the pickup assembly, or probe. Omne eoil serving
ag the primary is excited with s current ai radm

1 Teahnbeal detalls of electernie mildamoeler, Twetoonles 9, 1T2 (Mo, 1M,
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frequeney, and the resultant voltage induced in the
seeond or speondary eoil provides the indieation of
distaniee.  The mutuel inductanee between the two
voils, snd henee the voltage indueed in the seconilary,
i proportional to the distanee between the coils (or
probe face) and a conducting surface,  This system
hus severul advantages over other svstems,  The
output of the secoudary iz high level and easily
usdble with the long leads required with the S-m
manometer.  The instrument-outpul resdings  are
unaffected by the diclectric constant of sny substanee
betwesn the probe feee and the conducting surfuee.
Contact with the surface of the MeTenry 18 unneces-
:"HI'_'A., fIHH 1] '.'lliI!illg__"‘ RN ] |i|1|r' [di |r|:||ii:||5_{ o l.il'il'll'lllll'
tion of the surfues,

2. Description of Instrument |

The insteanient comprises twoo cubinets shown in
higures 2 and 3

LT LY =2 =11

two pickops, and interconnecting
unil eontains the

The

I J1||'|I"-

Wercnryeaenemg wngl for S-meter mamometer.

magor part of e civeaitry and provides meter indi
eation of the hetght of column one and the differentinl
column heights. The meter box provides remote
indication, duplicating the dilferentinl-height fodiome-
tion and indieation of the height of the seeond
mereury column,  The two units are required to he
leeated within 3 fi of the manometer colls, but the
twor mt-and-cell vombinations may be separated hy
approximately 35 . Seale-Tactor adjustments for
all meters ave located on the front panel of the two
unite direetly below their respective meters.  The
goro-gd just control Tor the differential height indiea-
tion is loeated on the back of the merenrv-sensing-

unil chassis
3. Design Details

A version of the eledctronie micromanometer ? is
tsedd Lo measure the aji.'-'llhu'l'llli'l'll al the two erenry
eolummns, A 480-ke amplitude-regulated ozeillator
& used 1o excite the primaries of two micrometer
pickups, The outputs from the secondaries are
eompared with the tse of o vibrating relay and the
dilference i outputs amplified.  This “amplified
sl is then reetified for indieation as Jdilferentisl
laeaeehil oo oa 0= meter,

Full-senle meter dollestion for the diflferense
between the probe-to-mercury distance (“differential
IH'I._I_"h|”I 15 0002 11 0N # 2ero-centor scale meter
Inn this instrument o 50-40-50 |uir'r'nu||:r|Fu-|'n- et
was used, but the seale may be ealibrated to read
||ir'i'|'fr_'|| i neches, IriH' 1|.rr'l'|'|'iﬂ'|| ||1' |[|'I'|1'L'Iiu|| i-;
idicative of which golumn is the hieher and the
magnitude of deflection of the distanes Figure 4
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ﬁﬂﬂ the linear range of operation of the instrument.
e graph is a plot of differential-height meter indi-
cation against the differential height in inches for
sav valuea of the initisl pickup-to-mercury
distanee. For any pickup-to-mercury distance from
0 1o 0028 in, eurve A ie applicable. At preater
distances the response is nonlinear and may be
approximated by referenca to the other two curves.

e mdividual probe-to-mercury distances (col-
umn heights) are indicated oh separate meters with
& scngitivity of 0.3-in. full seale. As the outputs of
the electrie pickups are nonlinear for large distances,
these heights must be abtained from a graph (fig, 5.
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Materhl: Torz A,

Thiszheight is the distanee from the face of the pickup
to the zurface of the mercury.

The probe elaments are two mutual-inductance
lij]]c]mps ffig, 63 4 in. in diemeter, made of Lava A,

e primary, 25 turns of No. 34 copper wire with
Formex insulaticn, is weund in the outer slot. The
inner slot iz used for the secondary, 40 turna of No.
3% Formex insulated copper wire. Formex, insula-
tion was chosen because it was uvaffected by the
merenry and oil in the pressure chamber. Bare
sopper wire and =older at the terminals on the end
of the windi were completely covered with
ilypta]. Feed-throughe with serew terminals and

urite insplation were provided to bring the signal
out of the pressure chomber.

The primaries of these pickups are excited in
parallel with 0.5 amp of current at 480 ke passing
through each probe. The mutual inductance be-
tween the two coile, and hence the voltage induced
in the secondary, is a function of the distance between
the coils and the surface of the mercury. Power
dissipation in the pickup was held to 0.65 w to pre-
vent excessive heating of the manometer call.

The complete circuit schematic is given in fipure
7. A 480-ke amplitude regulated vacillator, V&, s
uzed to excite the primaries of the two picku})s. A
portion of the oscillator radis-frequency (r-1} out-
put is reetified by 7§ and compared with a fixed
reference potential. The difference between thiz
reference potential and the rectified oacillator cut-
put is emplified by the one-stage amplifier, V1. A
voltage-repulator tube, T8, is used as the source of
reference potential for the amplifier. The amplifier
cutput drives a cathode follower, V2, which in turn
controls the screen of the oseillator. Hence, any
change in oscillator cutput causes a correspending
and correcting change in oscillator screen voltage.
That iz, an inereaze in the oscillator ontput will
cause u decrense in screen voltage, resulting in & de-
crease of oacillator output to its criginal value, An
cquivalent ehange will result for a decrease in oscilla-
tor output. .

Loading coil L8 is ueed to match tho load im-
pedance to the oscillstor output. Variable in-
ductance LJ, the nstrument zero set, is & center-
tap coil, one-half of which is in series with each
pickup primary. A powdered-iron core is adjustable
80 that the inductance of one-half of the coil 8 1n-
creased ot the same time the other hal{ is decreased.
This core is adjusted for zero difference in probe
outputs for equal column displacements.

A ion of the r<f secon voltage of ecach

ickup is rectified by the crystal diodes I and 122,
El"he reaulting d-¢ veltage is measured on meters M2
and M4, indieating the individual column heiglits.

The unrectified portions of the outpuis of the
pickupe are applied to oppoeite contacts of the vibrat-
Ing l‘E‘F&j’. A 60-cyele vibrating contactor, or relay,
with mercury-wetted contacts was used to minimize
awitehing noise. The rclay output at the contactor
is then g 480-ke carcier with a 60-cycle square-wave
modulation proportional to the difference in probe
outputs, or difference in column hejghts. This mod-




ulated ecarrior ia passed through a diode detector, | V?. The output from the driver transformer, TE,
V&, resulting in » 60-cycle square wave proportional | in series with the cathode of ¥7, is fed back to the
to the difference in height of the two mercury | relay contacts through 1K wire-wound resistors,
columns. This signal is amplified in & square-wave | B4 and Ei5, promcfmg synehronous rectification

amplifier, #, and used to drive the cathode follower. | for indication on the d-c output meters, A1 and A£3.
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215 and R15 mre wire woend and have sufficient
inductance to serve g2 r-f choles to prevent the
480-ke sipnal on the relay coniacts from heiog
shorted to ground.

The relay used in this ingirument is s type that
opens from the first contact befors it makes with
the second, leaving the contactor open for s brief
pericd during each switching cycle. :Whﬂe the con-
tactor is thua open, or floating, & large spike is placed
on the squere wave. To eliminate this larpe signal,
by providing a bias for the contactor arm during
this open period, a part of the oecillator output is
applied to the contactor t.]:l.'l'ﬂ'l‘:ligh variable condenser

0. The value of this sondenser 18 adjusted for
minimum spilee amplituda.

To prevent damage to meters M1 and 3 from
an overload, when the power to the Instrument is
turned off, the power ewiteh S shorta the meter at
the same time it opens the a-c line.

4. Discussion

Prossures in the chnmbers are expected to reach
35,000 lb/in? and the electric pickups were con-
structed io withetand this cﬁ)reasure. In addition to
the high pressure, the pickups muzi be unaffected
'Eg gontact with the oil and mercury inside the

atuber.

The differential distance, probe to mercury level
of the two columns is indicated with a sensitivity of
0.004-in. full senle on a Zero-center scale meter
within a Tange of 0.025in. Maters ara also provided

to mdicate the approximate height of each colwmn
over a range of 0.3 in. Tha primary function of the
inatrument is to indicate the difference in height of
the two surfaces, and the individusl surface heights
are ut;a.?h{;ll pll'limarify to determine when the instrument
tm within the proper operating range.

High zero ptability was mquimﬁ? a3 In thia apph-
cation it is impractical to check the zero except ab
extended intervals,

TDhuring the operation the mstrument mechanical
vibration of tha pressure chambers from time to
time will cauze emall ripples on the surface of the
mereury, These ripples will ba visible as vibration
of the needles an tha differentizl-height meters.

Another possible application to mercury micro-
manoimeters used to measurs low pressures with high
pansitivity is of partienlar intereat. The readings of
the detecting units would be & direct function of the

res without the need of an auxilliary scale.

f long leads are unnecessary, the sensitivity can be

increased to 0.0005-in. full ecale, sod adjustment
provided to secure higher pressura rangss.

The instrument wae developad in the Electronic
Instrumentation Laboratory of the National Burean
of Stendards.

The author scknowledges the aid of M. L. Green-
ou% in the development of the eireuitey, and of
. H. Meyers and D). P. Johnson, who designed the
high-pressurs mercury mancmetar.
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