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Matter enclosed in heavy brackets [ 1 appears in the original patent but forms no part of this
reissue specification; matter printed in italics indicates the additions made by reissue.

10 Claims.

1

This invention is primarily concerned with tank
units of the capacitive type for measuring the
amount of fuel in. fuel tanks for aircraft and
particularly with tank units for accurately meas-
uring the amount of fuel in'non-uniform tanks.
It i1s therefore an object of the present inven-
tion to provide a tank unit which accurately
mesasures the fuel in non-uniform fuel tanks
which vary in cross-sectional area at different
levels of the tanks.

A further object of the invention is to provide
a tank unit capable of being easily adapted to
different shapes of fuel tanks to accurately meas-
ure the fuel therein.

Another object of the invention is to provide
a capacitive type of tank unit in which one of
the electrodes is specially “tailored” to vary the
capacitance in accordance with the shape of the
tank.
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Another object of the invention is to provide- 20

a capacitive type of tank unit in which one of
the electrodes is a longitudinally coiled wire or
strip with the pitch between the turns being var-
jed to vary the capacitance in accordance with
the shape of the tank.

The illustrative embodiment of the invention
comprises a capacitive tank unit in which the
inner electrode is a conductive wire wound about
an insulative core with the spacing between the
turns being determined by the horizontal cross-
sectional area of the tank at various levels in
order that the capacitance of the tank unit
changes linearly with change in the amount of
fuel in the tank.

Because the capacitance of the tank unit varies
linearly with change in the amount of fuel in
the tank the indicator which indicates the quan-
tity of fuel in the tank may be calibrated lin-
early over the dial and need not be specially cali-
brated for the particular shape of the tank.

Also, because the capacitance of the tank unit
varies linearly with change in the amount of
fuel in the tank a signal which varies linearly
with the quantity of fuel can always be obtained
from the bridge circuit into which the tank unic
is connected. Because linear signals can be
obtained it is possible to add a number of sig-
nals from different tank units together to obtain
a signal indicative of the total quantity of fuel
in a number of tanks,

For a better understanding of the invention
reference is had to the following detailed de-
scription in conjunction with the accompanying
drawings, in which: )

Pigure 1 is a view, partially in section, of the
tank unit in an L-shaped tank, with the tank
unit connected into a circuit utilizing the signal

from the tank unit; aad
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Pigure 2 is a view, partially in section, of the
tank unit in an elliptical tank. - :

In Figure 1 a tank unit (0 is shown to have
a conductive wire i1 wound about an insulative
core 12. This conductive wire acts as one elec-
trode of the tank unit. A conductive cylinder 13
coaxially mounted with respect to the core i2 and
of somewhat greater diameter is the second elec-
trode of the tank unit. A second conductive
cylinder 14, positioned about cylinder 13, acts
as a shield and is shown to be connected to a
ground terminal i6 through conductor 16. The
core {2 is cylindrical and the two cylinders, i3
and (4, are positioned symmetrically about the
core. . Thus, the distance between the two elec-
trodes, 11 and (3, is the same throughout the
length of the tank unit.

An insulative plate (1 forms the top of the
tank unit and holds the various electrodes in
place with respect to each other. As the inven-
tion lies primarily in the use of the wound wire
as the inner electrode of the capacitor the
mounting of the electrodes and shield with re-
spect to each other and with respect to the tank
is shown only schematically and not as it would
necessarily appear in an actual unit.

The tank unit 10 is positioned in a tank, such
as one having a shape of the tank 20, shown
only schematically. Obviously, the comparative
sizes of the tank 20 and tank unit 10 would not
be that as shown in the drawing, but rather the
tank unit would fill a much smaller portion of
the tank. The unit is shown out of proportion
in the drawing merely to more clearly show the
inventive details of the unit. Also, it is desirable
to position the tank unit along the the overall
center of gravity line if that is possible.

It is well known that the capacitance of a tank
unit varies with rise and fall of the fuel in the
tank. This is because of the change in the di-
electric constant of the fluid between the elec-
trodes. The dielectric constant of air is 1.0 while
that of a representative fuel would be 2.0. Thus,
with the tank full of fuel the eapacitance of the
tank unit would be twice the capacitance of the
tank unit when the tank is empty. If the cross-
sectional area of the tank changes it is desirable
to have the capacitance per unit length change
also in order that the capacitance of the tank
unit changes linearly with change of fuel as it
rises and falls in the tank. If the tank is
irregular in shape the level of the fuel as it is
being used falls a greater distance for a given
quantity of fuel used, if the tank has a com-
paratively narrow cross-sectional area than if it
has a large cross-sectional area. It is desirable
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then for the capacitance of the tank unit to vary
less per unit length for the comparatively nar-
row portions of the tank than it does for the
wider portions of the tank.

In the tank shown in Figure 1 the upper half
of the tank has only half the cross-sectional area
of the lower half of the tank. Accordingly, it
is desirable that the upper half of the tank unit
positioned in the tank have only half the ca-
pacitance change per unit length of the lower
half of the tank unit. Thus, the wire || on the
core 12 has approximately twice as many turns
per unit length on the lower portion of the tank
unit as it does on the upper portion. Because
of fringe effects the spacing between the wires
on the upper portion of the core would not be
exactly twice as great as the spacing between
the turns on the lower portion. The amount of
spacing between the turns can be determined
experimentally in order that the change in ca-
pacity be exactly that desired. In actual prac-
tice the turns of wire would be spaced much
closer together in order to increase the total
capacitance per unit length of the tank unit.
For ease in observation, however, they have been
shown spaced comparatively far apart.

The purpose of the shield 14 is to prevent any
stray effects, such as radio frequency waves, from
affecting the potential of the outer electrode 13
and thus affecting the signal output from the
tank unit.

As shown in the drawing, the fuel may enter
the tank unit between the various cylinders at
the bottom of the tank unit. Holes are provided
in the top of the tank unit to permit the air to
enter and escape with rise and fall of the fuel.

The tank unit {0 is connected to a bridge cir-
cuit energized from a transformer 22 having a
primary 23 connected to any convenient source
of power, not shown. The transformer 22 fur-
ther has a secondary 24 which is center tapped
to a ground terminal 25. A potentiometer com-
prising a resistor 26 and a wiper arm 27 is shown
to be connected across the lower portion of trans-
former secondary 24. This is for rebalancing
purposes as will be described later.

The inner electrode wire 11 is connected to
the upper terminal of transformer secondary 24
through conductor 30. The outer electrode 3
of the tank unit 10 is connected to a capacitor
31 through conductors 32 and 33. The other
plate of capacitor 31 is connected to wiper arm
21 through conductor 34. It is thus seen that the
two capacitors are energized by voltage from the
transformer 22. ; ‘

One of the output terminals of the bridge is
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from the junction between the outer electrode (3 -

of the tank unit 10 and capacitor 31.  The other
output terminal is the ground termina] 25. The
connection between the tank unit 10 and ca-
pacitor 31 is connected to amplifier 35 through
conductor 36. The other input terminal of the
amplifier is connected to a ground terminal 81.
The amplifier 35 is connected for energization
to any suitable source of power, not shown.

When there is a potential difference between
the connection between the tank unit and ca-
- pacitor 81 and ground there is a voltage output
from the bridge to amplifier 3§ which amplifies
the signal and produces an output voltage.

The amplifier 3§ is connected to a motor 40
through conductors 41 and 42. The motor may
be powered by any convenient source of power,
not shown. When the amplifier has a voltage
output the motor is energized and operates
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through mechanical connections 43 and 44 to
move the wiper arm 27 along resistor 2§ to vary
the voltage across capacitor 31 until the voltage
output from the bridge circult is reduced to zero.

The motor 40 is also connected to a pointer
45 on an indicator dial 48 by means of mechani-
cal connections 43 and 47. ’

The amplifier and motor circuit may be that
shown in Upton Patent 2,423,534, assigned to the
same assignee as the present invention. ’

murezshowstheuseotthetankumtinan
elliptical tank such as those used as bomb bay
tanks. In this tank unit the core 12, outer elec-
trode (3 and shield cylinder i4, as well as the
insulator cover 7 are all identical with those
shown in tank unit 10 of Figure 1. The only
difference between the tank units of the two fig-
ures is in the spacing of ‘the turns of wire on
the core i2. Because the tank shown in Figure
2 has its greatest cross-sectional area at the
center of the tank it is necessary that the turns
of the wire fla be closer together at the center
with the spacing between the turns gradually
increasing along the core toward the top and
the bottom of the tank. In operation the use of
this tank unit is no different from that shown
in Figure 1. It may be connected into the same
type of circuit as is shown in Figure 1.

Obviously, a conductive strip of material may
be used in place of the wire wound about the
core with the spacing between the turns of the
strip being determined by the cross-sectional
area of the tank.

It is seen that a tank unit has been designed
which is very flexible in that it may be easily
constructed to give linear indications of capaci-
tance change with fuel quantity change for any
shape of fuel tank. This type of tank unit also
permits the use of a uniform dial which may be
uniformly calibrated across its face. In addi-
tion, because the signal voltage change is linear
with fuel quantity change the signal voltages
from a number of such units may be added to-
gether to obtain a total fuel quantity signal.

Various modifications of the tank unit shown
may be made by those skilled in the art while
yet remaining within the spirit of the inventjon
and it is therefore intended that the scope of
the invention be limited only to the extent of the
appended claims.

I claim as my invention:

1. A capacitor for measuring the quantity of
a substance in a non-uniform container, com-
prising: a first longitudinal conductive member
adapted to be positioned vertically in the con-
tainer, said member comprising one plate of the
capacitor; and a coiled conductive member po-
sitioned along the length of said first member
and parallel thereto, said coiled member com-
prising the second plate of the capacitor, the
spacing between the turns of the coil being deter-
mined by the horizontal cross-sectional area of
the container such that the capacitance of the
capacitor varies uniformly with change in volume
of the substance. ‘

2. A capacitor for measuring the quantity of
8 substance in a non-uniform container, com-
prising: a conductive cylinder positioned ver-
tically in the container, said cylinder comprising
one plate of the capacitor; and a coiled conduc-
tive member positioned symmetrically within
sald cylinder, said member comprising the sec-
ond plate of the capacitor, the spacing between

. the turns of the member being determined by
the "horizontal cross-sectional area of the con-
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tatner such that the capacitance of the capacitor
varies uniformly with change in volume of the
substance.

3. A capacitor for measuring the quantity of
a substance in a non-uniform container, com-
prising: a conductive eylinder positioned ver-
tieally in the container, said cylinder comprising
one plate of the capacitor; a cylindrical insula-
tive member positioned symmetrically within
said cylinder; and a conductive wire wound about
said member, the wire comprising the second
plate of the capacitor, the spacing between the
turns of the wire being determined by the hori-
zontal cross-sectional area of the container such
that the capacitance of the capacitor varies uni-
formly with change in volume of the substance.

4. Apparatus for measuring the quantity of
liguid in a non-uniform container, comprising:
a capacitor positioned vertically in a container
containing & liquid, said capacitor having a pair
of electrodes, one of said electrodes comprising a
conductive cylinder, the other of said electrodes
comprising a coiled conductive member posi-
tioned symmetrically within said cylinder, the
spacing between the turns of the member being
determined by the horizontal cross-sectional
ares of the container such that the capacitance
of the capacitor varies uniformly with change
in volume of the liquid; and means connected
to said capacitor to receive a signal therefrom
and indicate the amount of the liquid in the
container.

5. Apparatus for measuring the quantity of
liquid in a non-uniform container, comprising:
a capacitor positioned vertically in a container
containing a liquid, said capacitor having a pair
of electrodes, one of said electrodes comprising
& conductive cylinder, the capacitor further com-
prising an insulative cylindrical member posi-
tioned symmetrically within said cylinder, the
other electrode comprising a conductive wire
wound about said member, the spacing between
the turns of the wire being determined by the
horizontal cross-sectional area of the container
such that the capacitance of the capacitor varies
uniformly with change in volume of the liquid;
and means connected to said capacitor to receive
a signal therefrom and indicate the amount .of
liquid in the container.

6. A capacitor for measuring the guantity of a
substance in a non-uniform container, compris-
ing: =& conductive cylinder designed to ve posi-
tioned in the container such that the cylinder
extends from the top to the bottcm of the con-
tainer, said cylinder comprising cne plate of the
capacitor; and a coiled econductive member po-
sitioned symmetrically within said cylinder, said
member comprising the second plate of the ce-
pacitor, the spacing between the turns of the
member being determined by the horizontal
cross-sectional srea of the container such theb
the capacitance of the cepacitor varies uniform-

1y with change in volume of the substance.

7. A capacitor for measuring the quantity of &
substance in a non-unifoerm portion ef & con-
tainer, comprising: a conductive cylinder de-
signed to be positioned in the container such that
the cylinder extends from the top to the bottom
of the portion of the container containing the
substance to be measured by the capacitor, sxid
cylinder comprising one plate of the capaciior;

and a coiled conductive riember positioned
symmetrically within said cylinder, said member
comprising the second plate of the capacitor, the
spacing between the turns of the member being
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6

determined by the horizontal cross-sectional
ares of said portion of the container such that
the capacitance of the capacitor varies uniformly
with change in volume of the substance to be
measured.

8. A capacitor for measuring the quantity of a
substance in a portion of a container, which por-
tion may be non-uniform in cross-sectional area,
comprising: a first conductive member adapted
to be positioned in the container and having a
length sufficient to ertend from the top to the
bottom of the portion of the container contain-
ing the substance to be measured by the capaci-
tor, said member comprising one plate of the
capacitor; and a coiled conductive member sub-
stantially coextensive with said first member and
spaced from said first member, said coiled mem-
ber comprising the second plate of the capacitor,
the spacings between the turns of the coiled
member being such that the capacitance of said
capacitor varies along the length of the capacitor
in a manner proportional to the variations in
cross-sectional area of the portion of the con-
tainer into which said capacitor is adapted to be
positioned.

9. A capacitor for measuring the quantity of a
substance in a portion of a container which por-
tion may be non-uniform in cross-sectional area,
comprising: & pair of spaced electrodes adapted
to be positioned in the container and having @
length sufficient to extend from the top fo the
bottom of the portion of the conltainer contain-
ing the substance to be measured by the capaci-
tor, one of said electrodes comprising a coiled
conductive member, the spacings between the
turns of said coiled member being such that-the
capacitance of the capacitor varies along the
length of the capacitor in @ manner proportional
to the variation in cross-sectional area of the
portion of the container into which said capaci-
tor is adapted to be positioned.

10. A capacitor for measuring the quantity of a
substance in a portion of a container which por-
tion may be non-uniform in cross-sectional area,
comprising: insulative support means and a pair
of spaced electrodes adapied to be positioned in
the container such that the support means and
electrodes have a length sufficient to extend from
the top to the bottom of the portion of the con-
tainer containing the substance to be measured
by the capacitor, one of said electrodes com-
prising a coiled conductive member supported
by said support means, the spacings between the
turns of said coiled member being such that the
capacitance of said capacitor varies along the
length of the capacitor in a manner proportional
to the variations in cross-sectional qrea of the
portion of the container into which said capaci-
tor is adapled to be positioned.
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