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GREY WATER INTERFACE VALVE LIQUID LEVEL SENSOR SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application Serial
No. 61/864,143 filed August 9, 2013, titled “Grey Water Interface Valve Level

Sensor,” the entire contents of which are hereby incorporated by reference.

FIELD OF THE DISCLOSURE
[0002] Embodiments of the present disclosure relate generally to a grey water
interface valve liquid level sensor system. The liquid level sensor system may deliver
information about the water level and the water movement that occurs in a water
reservoir. A control unit may then activate a valve to open so that the water can be

removed from the reservoir via vacuum.

BACKGROUND
[0003] A grey water interface valve (GWIV) system may be installed below a
sink in a lavatory or galley of a passenger transport vehicle, such as an aircraft. The
GWIV system may be provided in connection with a reservoir that serves as a holding
tank for grey water or other liquids leaving the sink. The main components of a
GWIV system include a wash basin/sink, a reservoir, a control unit, and a valve.
Grey water (which can include spent water from hand-washing, detergents,
unconsumed liquid beverages, or any other combination of liquids or semi-solid
material) may leave the wash basin drain and flow into the reservoir. The reservoir
may be in fluid communication with a vacuum line of the vehicle (or other location
for the intended re-use of the grey water, if applicable). When the reservoir is full,
most (but not all) of the water should be evacuated out of the reservoir. A small
amount of water is generally allowed to remain in the reservoir in order to maintain a

noise buffer between the vacuum line and the wash basin.

[0004] The control unit of this system may have one or more sensors that detect
when the reservoir is full or should otherwise be emptied. However, improvements to

sensors for detecting liquid movement through the GWIV system are desired.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1A shows a schematic view of a liquid level sensing system that may

be used with a water reservoir, with the reservoir in a near empty configuration.

[0006] FIG. 1B shows a schematic view of a liquid level sensing system that may

be used with a water reservoir, with the reservoir in a near full configuration.

[0007] FIGS. 2A-C show readings reflected from movement of liquid past a

differential sensor upon filling of a reservoir.

[0008] FIGS. 3A-C show readings reflected from movement of liquid past an

absolute sensor upon filling of a reservoir.

[0009] FIGS. 4A-C show readings reflected from movement of liquid past a

differential sensor upon emptying of a reservoir.

[0010] FIGS. 5A-C show readings reflected from movement of liquid past an

absolute sensor upon emptying of a reservoir.

[0011] FIG. 6 shows a side perspective view of a reservoir with a sensor system at
an outer upper portion of the reservoir and a sensor system at an outer lower portion

of the reservoir.

[0012] FIG. 7 shows one embodiment of a family of sensor plates that may be

positioned along a reservoir.

[0013] FIG. 8 shows one configuration of a differential sensor system and various

readings therefrom.

[0014] FIG. 9 shows various combinations that may be used with sensor plate

switching for various inputs and reading functions.

[0015] FIG. 10 shows a schematic of a hardware design that may be used for

frequency hopping and/or sensor plate switching.

[0016] FIG. 11 shows a schematic of a sensor plate that incorporates a shielding

feature.
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[0017] FIG. 12 shows an example of flow for software that can be configured for
peak detection based on draining velocity in order to adjust time the time that the

valve is open.

[0018] FIG. 13 shows one example of the measured property depending upon the

nature of the liquid media as a function of the height of the reservoir.

DETAILED DESCRIPTION
[0019] Embodiments of the present disclosure provide a liquid level sensing
system 30. The system 30 disclosed may be used in connection with a grey water
interface valve system 10. The system 30 disclosed may be used in connection with
any another other system that is designed to sense liquid levels and to move liquid
from one location to another. For example, the system 30 described may be used in
connection with a vacuum toilet system, a potable water tank, a waste tank, any liquid
holding/movement reservoir, or any other type of reservoir system, or any other use.
Although the system 30 is described in connection with a GWIV system 10 for use on
an aircraft for perspective and ease of reference, it should be understood that it is not

so limited and may be used in any other appropriate application.

[0020] Figure 1 illustrates one example of a use for the liquid level sensing
systems 30 described herein. As shown, spent liquid from a sink 12 or wash basin is
delivered to a reservoir 14. When the control unit 16 detects a full reservoir 14, it can
direct the pinch valve 16 (or other type of valve) to open until the reservoir 14 is
nearly emptied by vacuum via the vacuum line 20. The reservoir 14 is generally not
fully emptied because of the noise that would be produced by air from the vacuum
that 1s pulled through the pinch valve 16. The vacuum level, hence the velocity of the

drained liquid level, can be variable.

[0021] The control unit 16 is thus provided with a liquid level sensing system 30.
The liquid level sensing system 30 is generally designed to instruct the control unit 16
as to when a flush of the reservoir 14 is needed. In one example, the control unit 16
may include one or more sensors. The sensors of the control unit 16 may be non-
intrusive. In one example, the sensors of the control unit may be proximity or
position sensors, which sense the presence of liquid without actually being in physical

contact with the liquid. In one specific example, the sensors of the control unit may
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be capacitive sensors. The sensors may be designed to detect the full state of the
reservoir 14 and to control near emptying of the reservoir 14 with a wide range of

liquids.

[0022] The system may measure signal output from the sensors. Figure 13 shows
one example of the measured property (e.g., capacitance in picofarad pF) depending
upon the nature of the liquid media as a function of the height of the reservoir (e.g., in

inches).

[0023] The liquid level sensing system 30 may be designed to work with all
different types of liquids, as the materials that are poured down a sink can vary.
Rather than designing a single sensor that works with a particular type of liquid, the
present disclosure provides a liquid level sensing system 30 that works with all types
of liquids, including those that vary in color, clarity, temperature, and viscosity/flow
rates. The liquid level sensing system 30 may also be designed to address issues that
may arise when foam is created at the surface of the liquid, which some sensors may
detect as actual fluid, rather than air. The liquid level sensing system 30 may also be
designed to address issues that may arise when one or more of the liquids in the
system leave a residue on the reservoir, rendering classical level reading more
difficult, and which some sensors may detect as the continued presence of liquid. The
liquid level sensing system 30 may also be designed to address issues that may arise
when the reservoir has rough or uneven walls. The liquid level sensing system 30
may also be designed to address issues that may arise when the liquid is grounded

and/or the resistance to ground is variable.

[0024] One way to overcome such challenges is to provide a reference point that
can be manipulated to prevent sensor confusion. In one example, the sensor system
may reference the last vertical position of the liquid, as well reference the last
horizontal position of the liquid. This information can be reconciled to indicate the
actual and current status of liquid present. This information may also be used to re-
calibrate the sensor system if needed. For example, if the system is shut down, if a
power failure occurs, or if movement of the liquid occurs when the sensors are not

activated, it is desirable to provide a way for the sensor system to re-calibrate itself.



10

15

20

25

30

WO 2015/019335 PCT/IB2014/063855
5

[0025] In one specific example, the liquid level sensing system 30 may include
two types of sensors: a differential sensor 32 and an absolute sensor 34. One example
is shown in Figure 1B. These types of sensors 32, 34 may be provided in cooperation
with one another so that they work collectively work for optimal sensing. The sensors
may be capacitive sensors, such that they comprise electrodes or conducting plates
that are separated by a non-conducting material, such as a dielectric. The dielectric
may be air, ceramic, fuel, the non-conducting material of the reservoir itself, or some
other suitable, non-conducting substance or material. The sensors may be used with
or without an insulating layer, depending upon the conductivity of the liquid to be

measured.

[0026] Use of the two types of sensors in combination can provide enhanced
readings. For example, a differential sensor 32 detects the surface of a liquid as liquid
is passing by the sensor. When the liquid is not moving, the differential sensor does
not reflect a reading. A differential sensor does not detect whether the reservoir is full
or empty. A differential sensor is generally robust against different grounding
situations. A differential sensor is not as easily “fooled” by a layer, film or residue of

material at or near the sensing surface as an absolute sensor may be.

[0027] An absolute sensor 34 detects the presence of liquid and can indicate
whether the reservoir is full or empty. An absolute sensor will reflect high readings
when liquid is in front of the sensor plate. Using an absolute sensor alone may give
false readings, due to the presence of a film or other layer of material that may build
up on the reservoir wall. An absolute sensor may detect this as the continued
presence of a liquid in front of the sensor (a “full” state), even in instances when the
reservoir is empty. Use of a differential sensor alone may give false readings if the
reservoir is filled or emptied during a power out or power down situation.
Accordingly, the combination of the sensors together can help provide accurate

readings by calibrating information from both sensors together.

[0028] Referring more specifically to how the individual sensors work, a
differential sensor 32 may be used to detect the surface of a liquid as liquid 1s passing
by the sensor. A differential sensor does not detect whether the reservoir is full or
empty. Figures 2A-C show an example of a reading from a differential sensor, based

on varying levels of liquid, as the reservoir 14 is being filled. As shown in Figure 2A,
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the reservoir is close to empty. Because liquid is not passing the differential sensor
32, the sensor does not register a reading. As shown in Figure 2B, when liquid is
passing the differential sensor 32, the sensor 32 registers a reading that liquid is
moving. As shown in Figure 2C, the reservoir is close to full. Because liquid is no
longer passing the differential sensor 32, the sensor 32 does not register a reading.
The differential sensor 32 detects that liquid has passed by sensor. The differential

sensor also detects the amount of time the liquid is actually passing by the sensor 32.

[0029] An absolute sensor 34 may be used to detect the presence of liquid in the
vicinity of the sensor and can indicate whether the reservoir is full or empty. An
absolute sensor will reflect high readings when liquid is present or otherwise in front
of the sensor plate. Figures 3A-C show an example of a reading from an absolute
sensor, based on varying levels of liquid, as the reservoir 14 is being filled. As shown
in Figure 3A, the reservoir is close to empty. Because liquid is not in front of the
absolute sensor 34, the sensor does not register a reading. As shown in Figure 3B,
when liquid is passing in front of and remains in front of the absolute sensor 34, the
sensor 34 registers a reading that liquid is present. As shown in Figure 3C, the
reservoir is close to full. Because liquid is in front of the absolute sensor 34, the
sensor 34 registers continues to register a reading, indicating that liquid remains at the
sensor level. The absolute sensor 34 thus detects the presence of liquid at the level

where the sensor is placed on the reservoir housing.

[0030] Readings from the two types of sensors 32, 34 are shown during draining
of the reservoir 14 in Figures 4A-C and SA-C. Figures 4A-C show an example of a
reading from a differential sensor, based on varying levels of liquid, as the reservoir
14 is being emptied or drained via vacuum. As shown in Figure 4A, the reservoir is
close to full. Because liquid is not passing the sensor 32, the sensor does not register
a reading. As shown in Figure 4B, liquid passes the sensor 32 as vacuum is applied.
The sensor 32 registers a reading that liquid is moving past it. As shown in Figure
4C, the reservoir is close to empty. Because liquid is no longer passing the sensor 32,
the sensor 32 does not register a reading. During draining of the reservoir, the peak
(or the jump) of the reading is shorter (in duration) because the liquid is removed
quickly via vacuum. The surface of the liquid passes by the sensor 32 with a higher

velocity than during filling.
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[0031] Figures SA-C show an example of a reading from an absolute sensor,
based on varying levels of liquid, as the reservoir 14 is being emptied or drained via
vacuum. As shown in Figure 5A, the reservoir is close to full. Because liquid is in
front of the sensor 34, the sensor registers a reading. As shown in Figure 5B, when
liquid is passing in front of and remains in front of the sensor 34, the sensor 34
registers a reading that liquid is present. But as the liquid drains, the reading lowers.
As shown in Figure 5C, the reservoir is close to empty. Because liquid is no longer in
front of the sensor 34, the sensor 34 registers a reading indicating that there is no
liquid at the sensor level. As discussed above, during draining of the reservoir, the
decrease (or lowering) of the reading is shorter (in duration) because the liquid is
removed quickly via vacuum. The surface of the liquid leaves the sensor face with a

higher velocity than during filling.

[0032] A differential sensor may be used as point level sensor. It reads high
values when the surface of the liquid is at the position of the sensor plates; otherwise
the values are low. This is shown in Figures 2A-C and Figures 4A-C. However if the
system powers down or otherwise empties or fills when the differential sensor 34 is
not active, a back-up status reading for the reservoir would be needed. The absolute
measuring sensor 34 may be used for this purpose. For example, the absolute sensor
may be used in order to provide a current status condition, which would reflect
whether the reservoir was filled or emptied during a power off situation. The absolute
sensor registers a value when there is liquid in front of the sensor plate; otherwise the

values are low. This is shown in Figures 3A-C and SA-C.

[0033] In one example, the two sensors 32, 34 may be used in concert with one
another. A calibration system 36 may be provided (either in the control unit 16, at
another location on the system 10, or at a location remote from the system 10) that
can combine reading information from both sensors in order to determine the liquid
level condition of the reservoir. The calibration system 36 may be designed to receive
input from both a differential sensor 32 and an absolute sensor 34 and to run an
algorithm that detects whether the reservoir 14 should be emptied. In one example,
the level sensor control unit 16 can have a microprocessor incorporated therein. The

microprocessor may interface with the capacitive level sensors. This can provide
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health monitoring and fault recording, as well as the capability for field loadable

software upgrades.

[0034] In one embodiment, there may be more than two sensors 32, 34 used. For
example, there may be two or more sensors 32, 34 at or near the top or upper portion
of the reservoir. There may be two or more sensors at or near the lower portion of the
reservoir. At least one of the sensors can provide an absolute reading and at least
another of the sensors can provide a differential reading. Figure 6 shows a reservoir
14 with a sensor system 30 (32, 34) at an outer upper portion 74 of the reservoir and a
sensor system 30 (32, 34) at an outer lower portion 76 of the reservoir. This figure
shows that the sensors may detect liquid as it flows into the reservoir for a first set of
readings and may detect liquid as it flows out of the reservoir for a second set of
readings. As discussed, it is also possible to include a family of sensor plates that

extend the substantial height of the reservoir.

[0035] For example, as shown in Figure 7, any number of sensors or plates may
be used. In one example, the entire side of the reservoir may have a strip of sensors.

In another example, the sensors may be strategically placed along the reservoir.

[0036] One challenge with using a capacitive sensor or a sensor that is non-
intrusive and does not actually contact the liquid to be sensed is that the sensors
typically work in a very small and condensed range, so their signals may need to be
amplified. The system 30 may include one or more amplifiers or other electronics
that can help amplify the signals in order for the readings to be fully accurate. For
example, the system may include a printed circuit board (PCB) that can be
manipulated for amplification. This may assist the system with differentiating

between high and low levels of liquid.

[0037] Another challenge that may be experienced when measuring liquid levels
is that when the liquid gets a connection to an electrical ground, the readings can be
skewed. A connection to an electrical ground might occur during hand washing,
when water is drained and the liquid gets connected to a metallic and grounded part of
a tube, or in use with a grounded metal sink, or any other instance. In one
embodiment, it has been found that the grounding problem may be solved by using an

excitation frequency greater than about 4MHz. In another example, an excitation
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frequency greater than about SMHz may be used. In another example, an excitation
frequency between about 4MHz to about 20MHz may be used. It should be
understood that this frequency may be optimized based on other frequencies used on-
board the aircraft. This frequency may be optimized based on the wall geometry of
the reservoir. This frequency may be optimized based on the anticipated fluids to be
measured. This frequency may be optimized based on any combination to increase
the dielectric constant of the sensor. It may be optimal to identify a frequency that
does not interfere with the sensor readings, but also a frequency at which the sensors
do not interfere with other aircraft equipment. The frequency may be optimized for
the environment, and it may be found that other frequencies are optimal for different

circumstances.

[0038] Use of a high excitation frequency can also help solve a problem with
foam produced by hand soap. Foam produced by hand soap can be detected as air by
the sensing system when the excitation frequency is high enough. This means soap
on the top of water will not trigger a sensor. A high excitation frequency can also
help prevent residues on the wall in front of the sensor plates from being read as

liquid.

[0039] Figure 8 shows one example of readings that can occur with a particular
differential sensor configuration 38. In this configuration 38, three horizontal plates
40, 42, 44 are provided. The upper plate 40 is fed with a sine signal 46 and the lower
plate 44 is fed with the inverted signal 48. This means both signals sum up to zero.
The middle plate 42 is used for measuring. If the lower 40 and upper 44 plates have
the same capacitive coupling to the middle plate 42, then the readings are zero. This
is shown by Arrows A and C. If the couplings are different, then the readings are
greater than zero. This is shown by arrow B. A pulse has been detected. The bigger

the difference, the higher the readings.

[0040] Sine waves may be used to reduce emissions. For example, sine waves do
not produce harmonic frequencies and are less likely to be offensive to the
environment and other electronics in the vicinity. The signal can be attenuated to be

non-radiating and non-susceptible to radiation.
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[0041] Although an embodiment with three differential sensor plates is shown, it
should be understood that any number of plates may be used. In one example, it is
useful to use plates in a multiple of three. However, it is also possible to switch plates
so that a single plate can reflect multiple types of readings. This may be
accomplished via sensor plate switching. Sensor plate switching may allow one plate
to function as an excitation plate (that is fed with signals) during one reading, and to
allow that same plate to function as a read plate during a different reading. This may
occur to increase sensitivity of the plates and/or to increase the accuracy of the

readings obtained.

[0042] For instance, the small reservoir of the GWIV system 10 does not give
much space for sensor plates. Because it is typically the case that the larger the plates,
the better the readings, it may be desirable to use a family of plates. One embodiment
may include a number of plates 50 arranged horizontally along one side of the
reservoir 14. One example of this configuration is shown in Figure 7. With switches,
these plates 50 can be used as absolute or differential sensors of different sizes or at
different positions. This is illustrated by Figure 9. Figure 9 shows that a plate may be
used as either an excitation plate or as a reading plate. In one example, analog
switches that have a feedthrough when they are open may be used. In another
embodiment, some plates 50 may be arranged vertically and some plates may be
arranged horizontally. If the plates become dirty or otherwise have trouble reading,

the control unit can switch to another stack of plates.

[0043] Figure 10 shows one example of a hardware design 52 that may be used
for controlling various plates for various reading inputs. This design 52 can be used
to manage a series of sensor plates in order to obtain readings. As shown, the sine
signal 56 for excitation may be produced by an integrated circuit (IC) 54 with Direct
Digital Synthesis (DDS). The adjustable frequency may be a range from about OHz
to about 20MHz. It may be desirable to pass the signal through an amplifier 58. The
signal is then delivered to the sensor plates 60. A signal switching system 62 may be
used to direct the signals appropriately. The switching signal system 62 may use
analog switches that select which plate should receive the signal. Any given plate
could receive a sine or co-sine wave or be a read plate. Once the plates 60 have

conducted the reading steps, it may be desirable to pass the signal through another
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amplifier/amplification step 64. It may also be desirable to pass the signal through a

filter system 66 and/or a rectification system 68.

[0044] The frequency signal may be disturbed when the sensor(s) read high
values and the sine wave generator is turned off. If the sensor excitation frequency is
disturbed, it is possible to hop to another frequency. This may be referred to as
frequency hopping. The sensors need not use only a single frequency for excitation.
If one frequency is not working because of noise, another frequency may be chosen
from a set of frequencies. In one example, the sensor design may use two (or more)
different frequencies. In a specific embodiment, the frequencies may be SMHz and
8MHz. In one example, the sensor design may use three, four, or five (or more)
different frequencies. The frequencies may be dictated by the filter system 66 of the
sensor hardware 52. In one embodiment, a crystal filter (which has a small
bandwidth) may be used. A calibration switch may be used to analyze the
characteristics of each filter (e.g., using a spectrum analyzer) to determine the exact

position of the transmitting frequency.

[0045] Figure 11 shows one embodiment in which a sensor/excitation plate 70
uses a shielding feature 72. The shielding feature 72 may be a ground plate on the
back side of the sensor/excitation plate 70. In another embodiment, the shielding
feature 72 may be an equipotential plate on the back side of the sensor/excitation plate
70. (This can be beneficial because shielding by ground may destroy sensitive
readings in some instances.) The capacity from the sensor plate 70 to the

equipotential plate may be zero.

[0046] Figure 12 shows an example in which the software can be configured for
peak detection based on draining velocity in order to adjust time the time that the
valve is open. There may be different draining velocities for the reservoir because the
vacuum level may vary over time. There may be different filling velocities because
the sink may be clogged so that liquid flows into the reservoir more slowly, the drain
may be closed while the sink is filled and them released, causing liquid to enter the
reservoir more quickly, and so forth. For this purpose, the system can use the
readings of the two different sensors to determine the velocity of the drained liquid

level. With the knowledge of the position at some time and the velocity of the liquid
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level, the system can allow the liquid level to stop at a defined level (with some

tolerance) independent to the vacuum level.

[0047] In one example, there is provided a water level sensing system that
includes at least one differential sensor and at least one absolute sensor; wherein the
water level sensing system is positioned on an outer surface of a liquid reservoir such
that the system does not contact liquid in the reservoir, and wherein the sensors

function at an excitation frequency of greater than about 4AMHz.

[0048] In another example, there is provided a grey water interface valve sensor
system for use on a passenger vehicle. In a particular use, the vehicle may be an
aircraft. The system may include a wash basin, a reservoir, a control unit, a valve, a
vehicle vacuum system, and a level sensing unit. The level sensing unit may have at
least one differential sensor and at least one absolute sensor positioned on an outer
upper portion of the reservoir; and at least one differential sensor and at least one
absolute sensor positioned on an outer lower portion of the reservoir, wherein the
level sensing system directs the control unit to activate the valve in order to allow the

vacuum system to drain the reservoir.

[0049] In another example, there may be provided a method of the sensing system
for use in draining a reservoir. The method may include sensing a liquid level of a
reservoir and draining the reservoir using a control system, a valve, and a vacuum
system when the reservoir is full or almost full. It may include the steps of providing
at least one differential sensor and at least one absolute sensor at an upper portion of
the reservoir; providing at least one differential sensor and at least one absolute sensor
at a lower portion of the reservoir; sensing movement of liquid past the differential
sensor; indicating to the control system when the reservoir is full based on sensed
information; sending control directions to the valve to open for draining of liquid to
the vacuum system, and when/if power is shut off, sensing presence of liquid with the
absolute sensor for a calibration reading. In this method, the absolute sensor
functions as a back-up sensor, since the differential sensor would not detect whether

any liquid has passed when the power is shut down.
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[0050] Changes and modifications, additions and deletions may be made to the
structures and methods recited above and shown in the drawings without departing

from the scope or spirit of the invention and the following claims.
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What is claimed is:

1. A water level sensing system, comprising:

at least one differential sensor (32) and at least one absolute sensor (34);

wherein the water level sensing system is positioned on an outer surface of a liquid
reservoir (14) such that the system does not contact liquid in the reservoir, and

wherein the sensors function at an excitation frequency of greater than about 4MHz.

2. The system of claim 1, wherein the water level sensing system comprises a set of at
least three sensor plates arranged such that a first plate (40) receives a sine signal, a
second plate receives an inverted signal (44), and a third plate (42) serves as a read

plate.

3. The system of either of claims 1 or 2, wherein the third plate is positioned between

the first and second plates.

4. The system of either of claims 2 or 3, wherein the at least three sensor plates are

switchable between providing absolute and differential readings.

5. The system of any of claims 2-4, wherein the at least three sensor plates are
switchable between functioning as sine signal receiver, inverted signal receiver, or

read plate.

6. The system of any of the preceding claims, wherein the at least one differential
measuring sensor and the at least one absolute measuring sensor comprise capacitive

SENSors.

7. The system of any of the preceding claims, wherein the sensors function at an

excitation frequency of between about 4MHz and about 20MHz.

8. The system of any of the preceding claims, wherein the sensors function at a

plurality of frequencies and are designed to frequency hop when needed.
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9. The system of any of the preceding claims, wherein the water level sensing position

is installed on a grey water reservoir on an aircraft.

10. A grey water interface valve sensor system for use on a passenger vehicle,
comprising:

a wash basin (12), a reservoir (14), a control unit (16), a valve (18), a vehicle vacuum
system (20), and a level sensing unit (30), the level sensing unit comprising at least
one differential sensor (32) and at least one absolute sensor (34) positioned on an
outer upper portion (74) of the reservoir (14); and at least one differential sensor (32)
and at least one absolute sensor (34) positioned on an outer lower portion (76) of the
reservoir (14), wherein the level sensing system directs the control unit to activate the

valve in order to allow the vacuum system to drain the reservoir.

11. The system of claim 10, wherein the level sensing unit comprises a series of level
sensing plates (50) positioned along a substantial portion of an outer portion of the

reservoir.

12. The system of either of claims 10 or 11, wherein the level sensing unit directs the
control unit to open the valve if the reservoir is almost full and to close the valve

before the reservoir is fully drained.

13. The system of any of claims 10-12, wherein the water level sensing system
comprises a set of at least three sensor plates arranged such that a first plate (40)
receives a sine signal, a second plate (44) receives an inverted signal, and a third plate

(42) serves as a read plate.

14. The system of claim 13, wherein the third plate is positioned between the first and

second plates.

15. The system of either of claims 13 or 14, wherein the at least three sensor plates are

switchable between providing absolute and differential readings.
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16. The system of any of claims 13-15, wherein the at least three sensor plates are
switchable between functioning as sine signal receiver, inverted signal receiver, or

read plate.

17. The system of any of claims 10-16, wherein the at least one differential measuring

sensor and the at least one absolute measuring sensor comprise capacitive sensors.

18. The system of any of claims 10-17, wherein the sensors function at an excitation

frequency of between about 4MHz and about 20MHz.

19. The system of any of claims 10-18, wherein the sensors function at a plurality of

frequencies and are designed to frequency hop when needed.

20. A method for sensing a liquid level of a reservoir (14) and draining the reservoir
using a control system (30), a valve (18), and a vacuum system (20) when the
reservoir 1s full or almost full, comprising:

providing at least one differential sensor (32) and at least one absolute sensor (34) at
an upper portion (74) of the reservoir (14);

providing at least one differential sensor (32) and at least one absolute sensor (34) at a
lower portion (76) of the reservoir (14);

sensing movement of liquid past the differential sensor (32);

indicating to the control system (30) when the reservoir is full based on sensed
information,;

sending control directions to the valve (18) to open for draining of liquid to the
vacuum system (20), and

when power is shut off, sensing presence of liquid with the absolute sensor (34) for a

calibration reading.



WO 2015/019335 PCT/IB2014/063855
1/8

FIG. 1B

SUBSTITUTE SHEET (RULE 26)



WO 2015/019335

2A

2B

4B

4C

time

» time

time

FIG. 2

= time

time

!
{
_J
4
L

time

FIG. 4

SUBSTITUTE SHEET (RULE 26)

2/8

3B ==

B L=

s5C [

PCT/IB2014/063855

time

time

]
]
_J

]

_ [

time

FIG. 3

{

L

FIG. 5

time

time

time



WO 2015/019335 PCT/IB2014/063855
3/8

=
=

~ )

— 32

— 74

-
\~ 34
/

— 32

74

34

FIG. 6

SUBSTITUTE SHEET (RULE 26)



WO 2015/019335 PCT/IB2014/063855
4/8

vl|lol|| Y
cll s E
Al 21y
(@)
L
vl||loll ¥
cll o]l E
allLIY
vl|l|loTl|| Y
clla|] E
ALY
™~
T

\\\\\\\

SUBSTITUTE SHEET (RULE 26)



WO 2015/019335

5/8

PCT/IB2014/063855

o“’y
f.&"
o
)
ong,
f;-»ﬁ"::\ )
Non
#
.;«“””f
o“’y
fﬂ"
N
\\ -
o \u% m
N,
# /
w"”f
~
'
o
Y <T
™
vy 4
&
O o0
<t <
@
[
£ ¥ =
@ T

ADC

SUBSTITUTE SHEET (RULE 26)

FIG. 8



PCT/IB2014/063855

WO 2015/019335

6/8

WeJA=RIITRREY

buuyy uonteoyldwe  BUIYdUMS $33e|dIOSUDS  BUIYdIUMS

0l "SIl

lojessuab-auls

INO-PILIYS

uoI11eIY11034

$191|U-|R1SAID [+—<KQ ||=-4 A__l

%

89

\ [

99

3

X
—
4

auIs-

9 &

09

|eubis uoneiqiied

uoI1139|3s Aduanbauyy

o

AV J0j Indul ‘sbuipeal 10susg

A

4]

@ &
<
o0 “@
N =
i
|
o
L

Sad

]

juswsnipe Adusnbauy

SUBSTITUTE SHEET (RULE 26)



WO 2015/019335

PCT/IB2014/063855
7/8

70

-

FIG. 11

Software \}

Wait for peak at

/ ' upper level sensor N\

Stop Flush

Start Flush

!

Y

Stay open for time X

Wait for a peak at lower
differential sensor

Stop Flushing-Time
Calculate draining velocity
Determine ‘stay open’
time X

FIG. 12

SUBSTITUTE SHEET (RULE 26)



PCT/IB2014/063855

WO 2015/019335

8/8

deospuey -
a1sedy1o0] -
spunoib yum omtou :

J91eM de -

6L-LL XIW %

1990 934J-|OYOD|Y =
SUIM SUYM

SUIM PBY -

A

SoAEQ| YliM Ba]
1999 =

e9] %oe|g

aind Jebauln mc_cmm_u
DIn[ 01eWo] ##

191em buippieds 1ybi %~
6L XIW e

J91eM bulpleds e

194 %G E AN ==

N[ dBuRIQ s
leRULIFES =
DIN[UNY-YN =4
UG oo

DIn( 3|ddy ##

S:E %

A
\\\\\\
\\\\\\\\\\\\\
.
2 \\\\\

H
m\\vvv\\“\\\w\\\\

\\W\Wﬂ\\\\\\\\\

;N&N&\\

abueyp adueldede)

S’/

HEET (RULE 26)

[a1d1 avipiedpn

SUBSTITUTE



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2014/063855
A. CLASSIFICATION OF SUBJECT MATTER
INV. GO1F23/26 B64D11/02 EO3D5/00 EO3D1/34 HO3K17/955
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

GO1F EO3D B64D BOlL CO2F HO3K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 5 636 762 A (JUHOLA BRUCE M [US] ET AL) 1-20
10 June 1997 (1997-06-10)
column 4, lines 1-67; figure 2
column 5, lines 45-51
Y US 7 509 856 B1 (WINKENS FRANK [DE] ET AL) 1-20
31 March 2009 (2009-03-31)
column 8, lines 51-64; figure 4
A EP 0 753 438 Al (NETZER YISHAY [IL] 2,3,13,
MILLENNIUM SENSORS LTD [IL]) 14
15 January 1997 (1997-01-15)
column 6, lines 4-26; figure 1
A US 2005/280424 Al (QU WENMIN [DE] ET AL) 4,5,15,
22 December 2005 (2005-12-22) 16
paragraph [0020]
_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :
"A" document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

U=

UK

"Qr

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 December 2014

Date of mailing of the international search report

08/01/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Tomasoni, Flora

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2014/063855

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2007,/002119 Al (MAG AEROSPACE IND INC 9,11,12,

[US]; PONDELICK MARK [US]) 20

4 January 2007 (2007-01-04)

claim 1; figure 1
A US 7 118 677 B2 (HOFFJANN CLAUS [DE] ET 9-12,20

AL) 10 October 2006 (2006-10-10)
column 3, 1line 44 - column 4, Tine 9;
figure 1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2014/063855
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5636762 A 10-06-1997  EP 0708737 Al 01-05-1996
JP 3361525 B2 07-01-2003
JP 2001525763 A 11-12-2001
us 5383574 A 24-01-1995
us 5636762 A 10-06-1997
WO 9503245 Al 02-02-1995
US 7509856 B1 31-03-2009 AT 372503 T 15-09-2007
AU 1696401 A 30-04-2001
DE 19949985 Al 10-05-2001
EP 1222442 Al 17-07-2002
us 7509856 Bl 31-03-2009
WO 0129520 Al 26-04-2001
EP 0753438 Al 15-01-1997 DE 69608358 D1 21-06-2000
DE 69608358 T2 28-09-2000
EP 0753438 Al 15-01-1997
us 5682788 A 04-11-1997
US 2005280424 Al 22-12-2005 DE 10261767 Al 15-07-2004
EP 1573280 Al 14-09-2005
US 2005280424 Al 22-12-2005
WO 2004057281 Al 08-07-2004
WO 2007002119 Al 04-01-2007 CA 2613376 Al 04-01-2007
EP 1901960 Al 26-03-2008
JP 4368412 B2 18-11-2009
JP 2008546589 A 25-12-2008
US 2007151020 Al 05-07-2007
WO 2007002119 Al 04-01-2007
UsS 7118677 B2 10-10-2006  DE 10229799 Al 29-01-2004
US 2004045910 Al 11-03-2004

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

