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ABSTRACT

An aircraft fuel system comprises an integrated sensor assembly
incorporating a housing. The housing receives a circuit board, a temperature sensor,
a point level sensor and a fuel density sensor. A first fuel height sensor is positioned

outwardly of the housing.
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INTEGRATED ACTIVE FUEL CHARACTERISTIC SENSOR

TECHNICAL FIELD

The present disclosure generally relates to sensors, and more specifically to

integrated fuel characteristic sensors.
BACKGROUND

Sensors for sensing characteristics of fuel on high technology systems, such
as aircraft, are becoming increasingly complex. As an example, it is known to have
fuel height sensors, fuel dielectric sensors, temperature sensors, point Ievel sensors to
provide a level wamning (such as low or high), and ultrasonic sensors to measure a
density of fuel.

In the prior art, these sensors were all mounted individually and electrical
connections (wires) had to extend between them and the interface electronics to

communicate appropriate signals.

SUMMARY
An aircraft fuel measurement system comprises an integrated sensor assembly
incorporating a housing. The housing receives a circuit board, a temperature sensor,
a point level sensor and a fuel density sensor. A first fuel height sensor is positioned
outwardly of the housing.
These and other features may be best understood from the following drawings

and specification.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic of a combined fuel characteristic sensor.
Figure 2 shows a sub-circuit within the Figure 1 integrated sensor.
Figure 3A is a first perspective view of the integrated sensors.
Figure 3B is a cross-sectional view through a portion of the integrated
SEnsors.
Figure 3C shows another detail.

Figure 3D shows another detail.

Date Regue/Date Received 2022-02-28



DETAILED DESCRIPTION
Figure 1 is a schematic of an integrated fuel characteristic sensor 20. A
power supply 22 supplies power. A fuel height sensor 24 is included. A dielectric
(K) sensor (a compensator) 26 is also included and measures fuel dielectric. The fuel

5 height sensor 20 consists of a low voltage (e.g., 5 five volts RMS nominal), AC

la
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excitation signal generator (e.g., 5 to 20 KHz nominal range) along with a current-to-
voltage converter. An excitation signal is generated under the control of a sequencer
42 and connected to the fuel sensor. The excitation signal is rectified and returned as
a current signal proportional to the fuel height. A current-to-voltage converter 36
converts and scales the signal accordingly. The signal is applied to an analog-to-
digital converter 38 and input into a transceiver 40. The transceiver communicates
over a serial data bus with a control 41. While the connection is disclosed as hard
wired, wireless communication systems may be used. The dielectric sensor may be
eliminated in some embodiments.

Control 41 may be a control for an associated gas turbine engine, or may be a
standalone control. Control 41 takes in signals from one or more sensors and utilizes
those signals to provide information with regard to the fuel, such as determine fuel
mass or to control an associated fucl pump or an associated gas turbine engine.

A reference signal (REF) 25 is created and driven by the same excitation
signal as the fuel height sensor 24 to remove electronic errors associated with gain
and offsets and other associated errors.

The dielectric sensor 26 is designed into the electronics and its functionality
is the same as the fuel height sensor 24. The dielectric sensor 26 when used,
however, utilizes a fixed capacitance to determine fuel dielectric whereas the
capacitance of a fuel height sensor 24 is variable, dependent on the portion immersed
in fluid.

A sampling approach ensures an assessment of the health of the individual
sensors. That is, by having redundant sensors 24 and 26, the health of each sensor
can be checked by comparing the determined signals, The excitation signal is
sampled at the signal conditioner as a check on a source signal. An out of range
signal received by the control 41 indicates a failure of one of the signals.

The power supply 22 provides the voltages required by the circuitry and may
be for example, 28 volts DC from an aircraft’s power bus 23, shown schematically,
or other suitable source scaled for the housing electronics. It may be current limited
(e.g., 100 milliamps) via a resistive element which becomes open circuit should the
current exceed a specified limit to maintain safe operation of the sensor. The power
supply circuitry may utilize step-down DC/DC regulators when available, which may

be off the shelf items. The power supply is protected against electromagnetic
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interference (radio frequency interference for example) and voltage transients
(lightning for example).

An optical point level sensor 30 is utilized as an independent fuel warning
indication, low or high for example. The optical point level sensor 30 is operable to
determine whether a fuel height is above or below a predetermined level. As
itlustrated in Figure 1, a cone 31 includes an LED 31L. The LED 31L bounces a
light off a pair of mirrors 31M, and outwardly of a cone 31. As will be explained
below, this light allows the sensor 30 to determine whether the fuel level is above or
below a predetermined amount.

The optical sensor operates in three modes. Two of the modes are built in test
functions. Each mode is activated by sensor electronics sending a specific voltage
level to the sensor. The operational mode is activated by the receipt of a signal (e.g.,
four volts) by the sensor and a return signal indicating a wet or dry condition. The
first built-in test (BIT) function is activated by the receipt of a six volt signal which
verifies the health of the optical components in an active state. Stated another way,
the LED 31L is activated (illuminated) and a photo darlington detector is activated by
the light received from the LED 31L. A second BIT function is activated by the
receipt of a voltage signal (e.g., eight volt) from the sensor electronics which verifies
the health of the optical components in an inactive state. The LED 31L is
deactivated, at which point, the photodetectors should not receive any light or be
activated.

A fucl temperature sensor 28 is uscd to measure fuel temperature. The sensor
may be a resistive element whose value changes when the fuel temperature varies.
An independent DC current source (e.g., approximately 2 milliamps) provides an
excitation signal to the sensor. The return signal is a voltage which is then digitized
and from this information the fuel temperature is computed.

A fuel density sensor includes an ultrasonic sensor 32 provides a
measurement signal from which density can be computed. Notably, the ultrasonic
sensor 32 may be eliminated in some embodiments. The determination of fuel
density utilizes information from the ultrasonic sensor 32, the fuel temperature
measurement sensor 28, and fuel dielectric sensor 26. The circuit 32 is shown in
further detail in Figure 2. The velocity of sound must be determined when immersed
in the fuel. The velocity of sound is determined by utilizing the ultrasonic density

sensor 32 and a fixed target. The sensor is excited by a sinusoidal burst at some
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frequency (e.g., 1 MHz). A sound wave travels from the sensor surface to its target
and back. The time of flight is measured under the control of sequencer 42 (See Fig.
1.

From the determined flight time, the velocity of sound in the fuel is
calculated. By measuring the velocity of sound, dielectric constant and temperature,
a fuel density may be inferred.

The ultrasonic method of measuring fuel density offers substantial cost
savings when compared to alternatives.

Notably, the operation of the sensors 24, 26, 28, 30, and 32 are all generally
as known. It is the inclusion of all of these sensors into a single integrated sensor
assembly which is unique to this disclosure. The incorporation of all of the sensors
climinates external wires. As will be explained below, the sensors are all connected
directly into an integrated circuit board positioned within a housing. The sensors,
and their interconnection, are all better protected than the separate sensors of the
prior art. The integrated sensor assembly 20 is thus more resistant to environmental
challenges within the field.

Figure 3A shows the combined sensor 20. A fuel tank 46 is shown around
the sensor 20. The fuel height sensor 24 is shown with circuitry box 48 and fuel
dielectric sensor 26 as an assembly.

Circuitry box 48 receives a connector 50 for receiving the power and
communication data with a terminal block cover 52. A circuit board 51 is positioned
within the housing 54. The temperature sensor 28 is positioned on an opposed side
of the circuit board 51 from the connector 50. The fuel density sensor 32 is shown
adjacent to the temperature sensor 28. The optical point level sensor 30 is shown
adjacent to a forward end of the housing 54. The tfuel density sensor 32 is shown
schematically housing a sound wave off a surface 56, which may be a part of a fuel
tank.

Stated in one way, an integrated sensor assembly 20 for use on an aircraft fuel
system has a housing 48 which receives a circuit board 51, a temperature sensor 28,
and an optical point level sensor 30 and a fuel density sensor 32. A fuel height
sensor 24 is positioned outwardly of the housing 48.

The unique packaging can be best understood from Figures 3A, 3B, and 3C.
As shown in Figure 3A, the fuel height sensor 24 essentially is an elongate tubular or

cylindrical member. The fuel dielectric sensor 26 is attached to the tube structure of



10

20

30

CA 02927960 2016-04-20

the fuel height sensor 24, The circuitry box 48 sits adjacent to the fuel dielectric
sensor 26, and on an outer surface 60 of the fuel height sensor. As shown, the fuel
height sensor outer surface 60 is generally cylindrical, and the circuitry box 48 has a
part cylindrical portion 62, which sits on the cylindrical outer surface 60. A flat plate
63 is also formed as part of the circuitry box 48, As shown in Figure 3A, there are a
number of depressions 66 in the outer surface 60. Similar depressions are obscured
in this view by flat plate 63. As shown in Figure 3B, there are a number of tabs 64
facing inwardly of the flat surface 63.

As can be appreciated from Figures 3A and 3B, a lens 72 is positioned within
the circuitry housing 48. The lens 72 can be seen in Figure 3B to be positioned
outwardly  of the cone 31. The light from cone 31 reflects outwardly as shown
schematically in Figure 1, moves through the lens 72, and, by the reflected signal,
sensor 30 can determine whether that signal is sent outwardly into fuel, or whether it
is above a fuel level. In this manner, whether the fuel level is above or below a
predetermined level can be determined.

As can be appreciated from Figure 3C, the tabs 64 snap into the depressions
66 in an outer surface 60 of the fuel height sensor 24 to secure the housing on the
cylindrical outer surface. As shown in Figure 3C, as known, the fuel height sensor
24 has a pair of coaxially extending cylindrical or tubular portions 68 and 70.

A bracket 47 serves to attach the integrated sensor assembly 20 to the fuel
tank 46. In practice, more than one bracket 47 may be utilized.

Fuel height sensor 24 includes a pair of coaxial tubular members 68 and 70,
and an outer surface 60. The circuitry housing 48 is mounted on the outer surface 60.
An outer one 70 of the tubular members defining a cylindrical outer surface. The
housing 48 has a part cylindrical portion 62 received on the cylindrical outer surface.

Figure 3D shows electronics 74 which are part of the fuel height sensors 24
and 26. A wire 76 is shown extending from electronics 74, into the circuitry housing
48, and connecting into the circuit board 51. Although shown schematically, a
worker of ordinary skill in the art would understand how to communicate sensors 24
and 26 to the circuit board 51.

It should also be understood, all of the other sensors that are positioned within
the housing 48 also communicate through the single circuit board 51. Thus, another
beneficial feature of the integrated sensor assembly 20 is that a single circuit board

communicates and processes the signals from each of the several sensors.
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In one embodiment, the circuitry housing 48 is formed of a nylon material.

By integrating all of the sensors within an integrated sensor 20, all of the
extending wires required by the prior separate sensors are eliminated.

Although an embodiment of this invention has been disclosed, a worker of
ordinary skill in this art would recognize that certain modifications would come
within the scope of this invention. For that reason, the following claims should be

studied to determine the true scope and content of this invention.
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CLAIMS

1. An integrated sensor assembly for use on an aircraft fuel system comprising:

the integrated sensor assembly incorporating a housing, said housing
receiving a circuit board, a temperature sensor, a point level sensor and a fuel density
Sensor;

a first fuel height sensor positioned outside of said housing;

wherein there is a second fuel height sensor, and said second fuel height
sensor determines a dielectric constant of the fuel and utilizes it to determine fuel
height;

wherein said second fuel height sensor is also positioned outside of said
housing;

wherein said first fuel height sensor includes a pair of coaxial tubular
members having an outer surface, with an outer one of said tubular members having
a cylindrical outer surface, and said housing having a part cylindrical portion
received on said cylindrical outer surface; and

wherein said housing also having a flat plate, and there being tabs on one of
said cylindrical outer surface and an inner surface of said flat plate, and there being
depressions in the other of said cylindrical outer surface and said inner surface with
said tabs being received within said depressions to secure said housing on said

cylindrical outer surface.

2. The integrated sensor assembly as set forth in claim 1, wherein said first fuel

height sensor utilizes a variable capacitance to determine fluid height.

3. The integrated sensor assembly as set forth in claim 2, wherein said second
fuel height sensor utilizes a fixed capacitance.

4. The integrated sensor assembly as set forth in claim 2, wherein said fuel
density sensor receives signals relative to the dielectric constant, and from the fuel
temperature sensor, the fuel density sensor includes an ultrasonic sensor that creates a
sound wave which travels from a sensor surface to a target and back through the fuel,
and a time of travel is measured, and from the time of travel, a velocity of sound in

fuel is calculated, and fuel density is determined.
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10

15

20

25

30

5. The integrated sensor assembly as set forth in claim 2, wherein said point
level sensor includes a light source to determine if a fuel level is below a

predetermined level.

6. The integrated sensor assembly as set forth in claim 5, wherein said point
level sensor has test functions to determine whether said point level sensor is

operating properly.

7. The integrated sensor assembly as set forth in claim 1, wherein said fuel
density sensor receives signals relative to the determined dielectric constant and from
the fuel temperature sensor, the fuel density sensor includes an ultrasonic sensor that
creates a sound wave which travels from a sensor surface to a target and back
through the fuel, and a time of travel is measured, and from the time of travel, a

velocity of sound in fuel is calculated, and fuel density is determined.

8. The integrated sensor assembly as set forth in claim 1, wherein at least one

wire extends from said first fuel height sensor into said housing.

9. The integrated sensor assembly as set forth in claim 8, wherein said at least

one wire from said first fuel height sensor is connected into said circuit board.

10. The integrated sensor assembly as set forth in claim 9, wherein said
temperature sensor, said point level sensor, and said fuel density sensor also

communicate to said circuit board.

11.  The integrated sensor assembly as set forth in claim 1, wherein said fuel
density sensor receives signals relative to a determined dielectric constant, and from
the fuel temperature sensor, the fuel density sensor includes an ultrasonic sensor that
creates a sound wave which travels from a sensor surface to a target and back
through the fuel, and a time of travel is measured, and from the time of travel, a

velocity of sound in fuel is calculated, and fuel density is determined.

Date Regue/Date Received 2022-02-28
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12. The integrated sensor assembly as set forth in claim 1, wherein said point
level sensor includes a light source to determine if a fuel level is below a

predetermined level.

13.  The integrated sensor assembly as set forth in claim 12, wherein said light
source sends a light signal through a lens positioned within said housing to determine

whether said fuel Ievel is below said predetermined level.

14.  An integrated sensor assembly for use on an aircraft fuel system comprising:

a housing, said housing receiving a circuit board, a temperature sensor, an
optical point level sensor, and a fuel density sensor that receives signals relative to a
dielectric constant, and from the temperature sensor, the fuel density sensor includes
an ultrasonic sensor that creates a sound wave which travels from a sensor surface to
a target and back through the fuel, and a time of travel is measured, and from the
time of travel, a velocity of sound in fuel is calculated, and fuel density is
determined;

a first fuel height sensor positioned outside of said housing, said first fuel
height sensor includes a pair of coaxial tubular members having an outer surface,
with an outer one of said tubular members having a cylindrical outer surface, and
said housing having a part cylindrical portion received on said cylindrical outer
surface;

a second fuel height sensor is included, and is positioned outside of said
housing and determines said dielectric constant of the fuel and to further utilize it to
determine fuel height;

said housing having a flat plate, and there being tabs on one of said
cylindrical outer surface and an inner surface of said flat plate, and there being
depressions in the other of said cylindrical outer surface and said flat plate, with said
tabs being received within said depressions to secure said housing on said cylindrical
outer surface; and

at least one wire extending from said fuel height sensor into said housing;
said circuit board being positioned within said housing and said at lcast one wire
from said first fuel height sensor being connected into said circuit board, and said
temperature sensor, said optical point level sensor, and said fuel density sensor also

communicating to said circuit board.

Date Regue/Date Received 2022-02-28
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