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This Invention relates to & licuid operated elec-
tric conirol device particularly adapted to meas-
ure or tele-indicate liquid levels and to indicate,
for instance, the residual amount of liquid con-
tained in an airplane tank.

To Indicate, particularly to tele-indicate liquid
levels floats have hitherto been employed which
depending upon thelr position actuate various
electric contacts or the indication was based upon
the meassurement of a capactty hetween two elec-
trodes Immersed In the liquid which varies with
varylng lquld level. PFurthermore, it is well
known in the art to base the indication of liquid
levels upont the mesasurement of an ohmic re-
sistance immersed in the Hquild and whose mag-
nitude depends upen the Hguld level,

By the electric control device according to the
invention 1t is possible to measure the liguid level
in a particularly slmple and reliable manner.
The novel liquld operated electric control device
for non-electrical magnitudes is charactertzed by
the fact that the surface tension of the liquid
gerves to operate the electric control device. The
electric controt device according to the Invention
consists of at least two parts preferably in the
form of surfaces and movahle with respect to each
other and which are so arranged that they change
their positlon with respect to each other under
the action of the surface tension of the liquid,
thereby influencing an electric circuit.
movable parts may consist, for instance, of a sta-
tionary surface. In *his instance the metal foil
comes Into engagement with the surface under
the action of the surface tension of the liguid
which Influences the control device when it
emerges from the liquid. Of course, it is also
possible to design both parts moveble with re-
spect to each other instead in the form of a sta-
tionary surface and only one metal foil in the
form of folls or sets of foils which when immersed
in the liguid do not touch each other, wheresas
when they emerge from the liquid they come into
engagement under the action of the surface ten-
sion of the liquid adhering to the same. In this
case also adjacent turns of & helical spring may
be employed as parts movahle with respect to each
other which upon emerging from the liquid ap-
proach esch other so that the adjacent turns may
come into contact with one another.

Fnally, it 1z also possible according to the in-
vention to cause the control device to act as &
servomotor, i. €., by causing the one part when
taking messurements to be set in motion, prefer-
ably In rotation, If this part is, for instance,
deslgned ag a revolving cylinder and the other
part as a ribbon-shaped foil loosely surrounding

The two :

10

15

20

25

40

55

wholly or in part the cylinder, this foll will not
adhere to the cylinder when immersed in the
liquid, whereas it does when it emerges from the
liquild, thus producing in the tangentlal direc-
tion of the revolving cylinder a pulling force on
one part secured to the foil,

In some cases 1t may be preferable to provide
the novel control device with a further station-
ary part with respect to which at least one of the
other two parts movable with respect to each
other changes its position upon actuation of the
control device, thereby influencing the above-
mentloned electric circult or at the same time a
further electric circult. In this case this part
must, however, be so designed that no appreciahle
effect of the surface tenslon occurs between that
part and the part movable with respect thereto.
Such a control device may as herelnafter de-
seribed serve, for instance, as a multiple-way
switch.

Here the two parts movable with respect to
each other, 1. e. foil and surface, come Into en-
gagement with each other in the case of wetting
liquids when emerging from the liquid, whereas
if non wetting liquids are employed the parts are
in engagement with each other in the Iiquld and
come out of engagermnent when they emerge from
the liquid.

When using wetting liquids the parts of a con-
trcl device not immersed in the liquid remaln in
contact with each other till the llquid adhering
thereto evaporates. To prevent a subsequent
separation of the parts a protection against evap-
oration mey be provided according to the Inven-
tion which supplies fresh liquld to the control
device upon the evaporation of the liquld ad-
hering to the control device not in contact with
the liquid. Buch a protectlon against evapora-
tion may be carried out In different ways; for in-
stance, by using a8 hygroscopic material for one
part of the control device, a portion of the ma-
terial being always in contact with the liquid, or
by arrahging one or more grooves In one part of
the control device whose ends are immersed in
the liquld and in which the llquid rises by reason
of the capillary effect or also by using a wick
which brings the control device into contact with
the liguid.

The control device may be caused to act in vari-
ous ways on the electric circuit of which it forms,
as & rule, one part. Thus, it is possible to desten
the conirol device In stuch a manner that when
actuated it closes an electric contact. In thiscase
one or both of the parts movable with respect to
each other may be designed in the form of con-



2

tacts or one part may actuate a contact by utiliz-
ing the effect of the control device operating as
a servomotor. Furthermore, the control device
may be employed to vary the capacity of a con-
denser, In which case the parts movahle with re-
spect to each other may serve as coatings for the
condenser. In this case hy actuating the con-
trol device sudden changes in capacity are at-
tained which may be measured with the aid of
relatively simple means and which enable a
slmpler and more reliable measurement of the
liquid level than is possible with the known de-
vice in which the capacity between the electrodes
immersed in the liquld is measured, the lquid
serving as a dlelectric so that upon a varlation
of the liquid level only relatively slight and uni-
form chanees in capacity cccur.

Finally, by the use of the control device it Is
also possible to vary the value of an inductance,
for Instance, by the fact that the movable part
is made of magnetic material and Is so arrahged
in relation to the Inductance that changes in
the position of the movable part bring about
changes in the induetance.

Such & control device may be used for many
purposes. As already mentioned it mey be em-
ployed to Indicate a liquid level upon the at-
talnment of a predetermined height or to cause
a signal to be transmitted upon the attainment
of a predetermined height. Thus, for Instance,
it 1s possible to arrange the control device in the
event that the residual amount of liquid con-
talned in an alrplane tank 1z to be indicated on
the bottom of the tank to be supervised, which

control device is actuated as soon as the liquld .

level lowers below a predetermined height. The
control device may therefore also be employed to
indicate a predetermined maximum value of the
lquid level.

By arranging only two contro]l devices closely

one above the other it is possible to regulate in
a simple manner the liquid level to a constant
value, 1. e. by Interrupting or reducing the flow
of liquid upon the actuation of the upper control
device or by initiating or Increasing the flow of
liquid upon the actuation of the lower control
device.

Two or more control devices according to the
invention arranged one above the other may
serve as a liquid level indicator and it is possible
to easlly carry out remote measurements with the
ald of the same. However, thelr use is not lim-
ited to the Induction or remote measurement of
liquid levels, such as the depth of a river or the

liquid level in a tank, but they may be used to

measure non electrical magnitudes, such as tem-
perature, pressure or the like,

In principle it s immaterial whether the liquid
operating the control device is the same or differs
from that to be supervised or controlled. In
many cases It 1s preferable to use as operating
liquid another liquid than that whose level is to
be controlled; for instance, when measuring the
depth of a river, since the control devices are
exposed to a contamination by the forelgn sub-
stances contalned in the water. In thls case a
liquid is employed which avolds the above draw-
backs and which does not intermix with the liqutd
whose level is to be controlled. However, as a
rule, all kinds of liquids may be employed irre-
respective of whether they are conductive or non-
conductive. In the dissoclating lquids care
should only be taken to see that the current car-
rying parts placed in the liguid conduct only
alternating current and no direct current.
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The control device may be employed for pur-
poses other than the above mentioned, 1. e., for
the Indication and the remote measurement of
the dew point, since it operates at the moment
at which lis movable parts are wet by the dew.

In the accompanying drawings are shown some
embodiments of the invention In diagrammatic
form. The electric control device as shown in
Fig. 1 is provided with two sets of folls | and 2
movable with respect to each other, electrically
insulated from one another by an insulating plece
3 and pressed together by a bolt 4 and a clamping
plece 6. 6 and T are connectiong for the sets of
folls.

If such a control device emerges from the
liquid, in which case the liquid level is to be con-
sidered as belng parallel to the plane of the
drawing, the sets of folls come into engagement
with one another, thereby influencing an electric
circult connected to the connections 8 and T.
In this case the two inner folls may, for in-
stance, serve as contacts or as coatings of a con-
denser provided that as thin an insulating layer
as possible is arranged on one or both folls.

In Fig, 2 18 shown a top view of the control
device 2 consisting of two control elements ar-
ranged symmetrically with respect to the axis
A—B within the ring 8. Each control element
is provided with a bent statlonary surface 8 form-
ing one of the parts movable with respect to each
other and fo which a metal foil 10 which is some-
what more bent ig insulatedly secured by means
of a screw with a counter-nut Il and of a clamp-
ing plece 12. The less bent statlonary surface Is
provided with metal coatings 13 connected to one
pole of the electric circult In which is inserted
the control device, whereas the other pole is con-
nected to the metal foll. These coatings may as
mentioned above serve ag contacts or as coatings
of a condenser.

Fig. 3 i3 a perspective view of a similarly de-
signed control device. Here the less bent sta-
tionary surface is formed by the curved portion
of a molded plece consisting of insulating ma-
terial. [0 denotes the metal foil, i and 12 the
barts serving to secure 1t to the molded plece 14;
13 are the metal coatings arranged on the curved
portion of the molded plece (4.

This control device differs from that shown in
Fig. 2 only in certain constructiona! details and
1s so designed as to form an essentlal part of a
Hquid level indicator, such as shown, for instance,
in Pig. 4 which is a lateral view thereof. In this
case the molded piece I4 {5 extended by such an
amount that the desired number of control de-
vices may be arranged on the extended curved
portion thereof. In this case, the metal foils 10
of the control devices may be secured by means
of a through clamping bar 12 so that the con-
struction of such a liquid level indicator ig very
simple. The metal coatings on the molded plece
14 are denoted by the numera] 13 and i desig-
?;tes the screws for fastening the clamping bar

To attaln an effective protection agalnst evapo-
ration, the curved portion of the molded plece is
provided as shown in Fig. 4 with narrow grooves
arranged at both sides of the clamping bar and
serving to keep the control devices continuously
in a moist state when not immersed in the ligquid.

In Fig. 4 is shown also a bridge comnection
which may employed to Indicate the Hquid level.
As shown the adjacent coatings are connested
with one another through resistances IT to 22
arranged in serfes. The free end of the resist-
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ance 22 leads to one diagonal point of the Wheat-
stone bridge, whereas the other diagonal point is
connected to the clamping bar 12 which elec-
trically connects the metal foils with one an-
other. As will be seen from Fig. 4, the resist-
ances IT and I8 not connected to the control
devices and lying above the liguid level 6 are
always short circuited so that In the branch of
the Wheatstone bridge only the resistances 20 to
22 are effective which are connected to the con-
trol devices Immersed In the liquid, 'The instru-
ment 23 inserted in the bridee diagonal will al-
ways effect a deflection whose magnitude is a
measure for the height of the liquid level.
Another embodiment of a control device ac-
cording to the invention which may be so designed
as to act as a servomotor is shown in Fig. 5. 24
is a rod rotating in the direction as Indicated by
the arrow. Around the rod is arranged a foil 25,
one end of which is free and the other end thereof
is secured to the contact arm 26 pivotally mounted
as indicated at 27. 28 is a stationary contact arm,
To measure the liquid level the rod 28 is set in
rotation. If in this case the control device 1s not
immersed in the llquld the foll will firmly adhere
to the rod in the event of a wetting liquid being
present between the foil and the rod so that the
contact of the movable arm 26 1s brought Into en-
gagement with the counter contact. If, however,

the control devlce is immersed in the liguid the -

contacts are out of engagement with one another.

It is, of course, also possible to cause the reod to
rotate continuously so that the contacts of the
control device which lie above the liquid level are
always closed. However, It Is also posslble if
single measurements are to be carried out at
spaced intervals to cause the rod to rotate mo-
mentarily so that at the interval between two
measurements all contacts are open.

In some cases, particularly when controlling
the depth of a river or of the sea it may be de-
sirable as already mentioned above to cause the
liquid whose level 1s to be controlled not to act di-
rectly on the control device. In this case, an ar-
rangement may be employed as shown diagram-
matically in Fig. 6. 29 indicates, for instance, the
fluctuating level of a river. 30 denotes a vessel
with communicating tubes immersed In the river.
In the longer tube is placed a lquld level indi~
cator 31 consisting of the control devices accord-
ing to the invention and surrounded by a lighter
liquid 32 which preferably does not mix with the
river water.

A similar arrangement may be employed If a
non-electrical physlcal magnitude, for instance,
the pressure of a gas in the chamber 33 of Flg. 7
is to be measured. By means of the arrangement
shown In Pig. 7 the super-atmospheric pressure
of this gas is measured. One of the communicat-
ing tubes 34 of a vessel in which is arranged the
control device 35 immersed in the llquid 3§ ex-
tends within the space 38 and is sealed at the
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point where it enters the vessezl. The operation
of this arrangement is so evident from the above
description as not to require any further expla-
nation.

If the liguid level in tanks whose position
changes is to be measured, it may happen, as de-
scribed above Lhat faulty measurements result if
the tank is subjected to fluctuations and only one
lavel indicator is employed.

To avoid such faulty measurements, two or
niore control devices or liquid level indicators are
provided according to the invention, such as, for
instance, is schematically shown in Fig. 8 for
tliree liquid level indicators 37, In this case the
indicators are electrically connected in parallel
relation and they are so arranged that upon fluc-
tuations of the liquid level as many control de-
vices of one liquid level indicator are, for in-
stance, closed as control devices are opened on
the other two indicators. In this manner the in-
dication of the liquid level within the tank 38 is
independent of its pos!ition.

As already described above, the control device
according to the invention may also be provided
with a further stationary part with respect to
which the position, for instance, of the metal
foil 10 (Fig. 2) varies upon the operation of the
control device and which may serve, for instance,
as a multiple-way switch. Such a control device
is schematically shown in Fig. 9. 39 denotes the
stationary surface against which the foil 40 Is
pressed under the surface tension when the con-
trol device emcrges from the liquid, the surface
39 angd the foil 40 being electrically Insulated from
each other by an insulation 4!. When immersing
the control device in a wetting liquid the effect
of the surface tension ceases and the ends of the
foil come then into engagemcent owing to the ten-
sion inherent in the foil which tends tp bend the
same with the other stationary part 43 which ab-
sorbs a portion of this tenslon in the form of a
contact pressure. In this case 1t is essential that
the surface of the part 42 with which the foil is
in engagement be small with respect to the sur-
face of the part 39 on which the foil is irmly held
by the surface tension, since otherwise it may
happen that the foil flrmly adheres to the part 42
owing to the surface tension.

The control device operates as a multiple-way
switch if, ag shown in the drawing, the elements
39, 40 and 42 are connected to the conductors 43
to 48. However, also the conductors 44 and 45
may only be connected or also the part 42 and/or
the part 39 may be electrically subdivided and
corresponding conductors 46 and 47 be provlded
as iz shown by the dotted lines in Fig. 9.

This control device need not, of course, be as
just described designed in the form of electric
switches but may be employed to vary an In-
ductance or the capacity of a condenser.

WALTER KOEPPE,
GUSTAV KODAL.



