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(57) Abrége/Abstract:
A pair of solid state pressure sensors are disposed near the bottom of a fuel tank vertically spaced with one a unit distance

above the other. A third solid state sensor is disposed In the tank at the highest point under the upper wall. The apparent
hydrostatic pressure Is computed from the difference In pressure sensed by the highest and lowest sensors. The density Is
computed from the difference In pressure sensed by the pair of sensors near the tank bottom; and, the difference normalized for
the vertical distance therebetween. The liquid level height Is then computed from computed density and apparent pressure. The
reserve volume of liquid fuel is then found for the computed height from a lookup table of values of liquid height and

corresponding liquid volume.
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ABSTRACT OF THE DISCLOSURE

A pair of solid state pressure sensors are disposed near the bottom of a fuel tank
vertically spaced with one a unit distance above the other. A third solid state sensor 1s
disposed in the tank at the highest point under the upper wall. The apparent hydrostatic
pressure is computed from the difference in pressure sensed by the highest and lowest
sensors. The density is computed from the difference in pressure sensed by the pair of
sensors near the tank bottom; and, the difference normalized for the vertical distance
therebetween. The liquid level height is then computed from computed density and apparent
pressure. The reserve volume of liquid fuel is then found for the computed height from a

lookup table of values of liquid height and corresponding liquid volume.
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SOLID STATE FUEL LEVEL SENSING

BACKGROUND OF THE INVENTION

The present invention relates to techniques for sensing and indicating the fuel reserve
in a tank and particularly vehicle fuel tanks containing volatile fuel such as gasoline or
mixtures of gasoline and methanol. Where vapor pressure is accumulated 1n the tank above
the liquid fuel level, and particularly at elevated ambient temperature conditions in closed
fuel vapor vent systems, the increased vapor pressure can significantly increase the effective

density of the fuel. Where a float type sensor is employed for sending a fuel level signal
from the tank to a remote indicator for the vehicle operator, the increased buoyancy, without
any change in the liquid level of the fuel in the tank, can result in an increased buoyancy
force on the float raising the float and thus providing an erroneous liquid level signal.
Furthermore, float type sensors are unique or distinct for different fuel tank configurations,
and thus require a variety of sensors in inventory for the various configurations in a

manufacturers line of vehicle products, which is quite cumbersome and costly 1n mass

production.

Accordingly, it has been desired to provide a simple, low cost yet effective technique
or system for sensing the level of volatile liquid fuel in a fuel tank and particularly a fuel tank
employed on a motor vehicle which will provide an accurate indication of the fuel level
irrespective of the change in ambient temperature conditions and vapor pressure 1n the tank.
It has further been desired to provide a single design liquid level sensor which can

accommodate different fuel tank depth configurations.
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BRIEF SUMMARY OF THE INVENTION

The present invention provides a system for indicating the fuel reserve 1n a tank by
means of solid state sensors disposed within the fuel tank and eliminates the need for a float
type device for sensing the liquid level of the remaining fuel in the tank. The system of the
present invention employs a pair of solid state sensors disposed at a predetermined vertical
increment and located near the bottom of the tank, with a third sensor disposed near the top

of the tank for sensing the vapor pressure above the liquid level within the tank.

The system computes the apparent hydrostatic pressure by subtracting the measured
vapor pressure from the pressure reading of the lowest sensor in the tank. The difference in
the pressure readings for the two sensors located near the bottom of the tank 1s then
normalized for the known distance between the sensors to enable a calculation of the hiquid
fuel density. From the computed apparent hydrostatic pressure and the computed density, the
height of the liquid level in the tank is then computed; and, from a lookup table of fluid level
height as a function of the tank volume at various liquid heights, the volume of fuel reserve 1s
computed and an indication thereof provided to a remote indicator for the vehicle operator.

In the event that the fuel level computed indicates that the liquid fuel has dropped below the
level of the upper of the two sensors near the bottom of the tank, the system proceeds to set
the density at the previously determined value and computes the fuel level based on a fixed

density. In the event of a loss of signal to the remote indicator, the system may be reset by

the vehicle operator upon refueling.

The present invention thus provides a simple and relatively low cost system for
measuring the fuel reserve in a fuel tank without the need for a float type sensor, and 1s based
upon pressure readings from a pair of sensors disposed near the bottom of the tank spaced at
a predetermined vertical increment and a third sensor disposed near the top of the tank for
reading the vapor pressure above the liquid fuel level. The present invention thus provides a

system particularly useful for closed vent systems employed in fuel tanks in high volume,
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mass produced motor vehicles. The present invention provides a single fuel level sensor

which can be used in a variety of tank configurations and depths.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-section of a fuel tank indicating the placement of the sensors of the

present invention;
FIG. 2 is a block diagram of the electrical components of the present invention; and,

FIG. 3 is a flow diagram of the algorithm of the controller of the system of FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, the system is shown as implemented in a typical vehicle fuel tank
10 having a filler tube or neck 12 and filled with volatile liquid fuel to a depth denoted by
reference character "h". A lower solid state pressure sensor PT, is disposed closely adjacent
the bottom of the tank with a second sensor PT, supported on a bracket 14 a unit distance Ah

above sensor PT,. In the present practice of the invention for liquid level measurements in

inches, density in pounds per cubic inch, Ah is set at one inch. A third sensor PTj; 1s disposed

on the underside of the upper wall of the fuel tank at its highest point for sensing vapor

pressure above the liquid level of the fuel.

Referring to FIG. 2, an electrical schematic of the system of the present invention is
indicated generally at 16 and includes a controller 18 having embedded therein a

microprocessor 20 and the controller 18 is connected along line 22 to the vehicle power

supply 24.

Pressure sensor PT, is connected to the controller 18 along line 26; sensor PT,
connected to controller 18 along line 28; and, sensor PT; connected to the controller 18 along
line 30. It will be understood that the electrical leads within the tank 10 corresponding to the

lines 26, 28, 30 have been omitted for simplicity of illustration in FIG. 1. The controller
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provides an output along line 32 to a remote display 34 which in the application to a motor

vehicle would comprise the fuel level indicator on the operator's instrument panel.

Referring to FIG. 3, the operating program of the controller 18 1s 1llustrated where,
upon receiving a reset signal along line 36, the computer within controller 18 computes at
step 38 the apparent hydrostatic pressure P, from the difference in the signals from PT, and
PT,. The system then proceeds to step 40 to compute the density by normalizing for the
vertical distance therebetween the pressure readings of sensors PT, and PT, disposed 1n the

liquid. The system then proceeds to step 42 and computes the fuel level h using the density

o, computed from step 40 and the apparent hydrostatic pressure P,y computed at step 38.

The system then proceeds to step 44 and inquires as to whether the fuel level h s
equal to or greater than the height of PT; and, if the liquid level 1s below PT), 1.e., the
determination at step 44 is negative, the system proceeds to step 46 uses the density
previously calculated and proceeds to step 47. At step 47, the fuel level 1s again computed
and the system proceeds to step 48. If, however, the determination of step 44 1s affirmative
that the fuel level is above PT,, the system proceeds to step 48 and determines the fuel
reserve volume Vi from a lookup table of values of Vy as a function of values of tuel level h

for the known tank configuration.

Upon refueling and filling the tank, the system is reset at step 50 which may comprise

a manual reset by the vehicle operator.

The present invention thus provides for an accurate indication of the volume of
reserve fuel in a tank computed from signal outputs from solid state sensors disposed n the
tank. A pair of sensors located near the bottom of the tank and vertically spaced a
predetermined increment provide outputs from which the fuel density may be computed. The
difference between the lower sensor reading in the bottom of the tank and a thard sensor

disposed at the highest point in the tank for sensing vapor pressure above the liquid provides
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a basis for computing the apparent hydrostatic pressure in the tank which 1s then employed
for computing the actual liquid level from the previously computed density. The reserve
volume of fuel is then obtained from a lookup table of tank volume at varied levels of liquid
fuel in the tank. The present invention thus provides a relatively low cost and reliable
alternative to a mechanical float type level sensor heretofore widely employed in fuel tanks

for motor vehicles.

Although the invention has hereinabove been described with respect to the illustrated

embodiments, it will be understood that the invention is capable of modification and

variation and is limited only by the following claims.
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CLAIMS
1. A liquid volume monitoring system for a motor vehicle fuel tank comprising:

(a) a first pressure sensor disposed on the upper wall of the fuel tank for sensing
fuel vapor dome pressure;

(b) a second pressure sensor disposed on the bottom of the tank for sensing the
hydrostatic pressure of the liquid 1n the tank;

(¢) a third pressure sensor disposed a certain distance above said second sensor
for sensing hydrostatic pressure at said certain distance;

(d) signal processing circuitry including a computer operatively connected to said
sensors and receiving output signals therefrom, said circuitry operative to
subtract the output of said first sensor from the output of said second sensor to
determine apparent hydrostatic pressure of the liquid 1n said tank; and, said
circuitry operative to compare the output of the third sensor with the output of
said second sensor and to compute the density of said hquid;

(e) said computer further operative to compute the actual level of liquid in said
tank from a look-up table of values of density as a function of determined
apparent hydrostatic pressure at a given distance; wherein said computer 1s
operative to (1) compute the volume of liquid 1n said tank from said level
signal and known tank dimensions stored in said computer; and, (11) output a
signal indicative of said computed volume.

2. The system defined in claim 1 wherein said pressure sensors comprise solid state
transducers.
3. The system defined in claim 1 wherein said third sensor 1s disposed about one inch

(25.4 mm) above said second sensor.

(a)

A method of monitoring the amount of liquid in a vehicle fuel tank comprising:

disposing a first pressure sensor at the top of the tank and sensing tuel vapor
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pressure and generating a first sensor signal indicative of the sensed pressure;

(b) disposing a second pressure sensor at the bottom of the tank and sensing the
hydrostatic pressure of the liquid in the tank and generating a second sensor
signal indicative of the sensed pressure;

(c) disposing a third pressure sensor 1n said tank and sensing the hydrostatic
pressure of the liquid at a certain distance above said second sensor and
generating a third sensor signal indicative of the sensed pressure at said certain
distance;

(d) providing signal processing circuitry including a computer on the vehicle and
connecting said circuitry to receive said first, second and third sensor signals;

(e) subtracting said first sensor signal from said second sensor signal and
computing the apparent hydrostatic pressure of the liquid 1n said tank;

() comparing said second and third sensor signals and computing the density of
the liquid 1n the tank based on said certain distance;

(g) determining the actual liquid level in the tank at the computed density and
apparent hydrostatic pressure from a look-up table of values of liquid level as
a function of density and apparent hydrostatic pressure;

(h) generating an output level signal indicative of said actual fluid level;

(1) computing actual liquid volume from said level signal and known tank

dimensions stored in said computer.

The method defined 1in claim 4, wherein said step of disposing first, second and third

sensors includes disposing solid state transducers.

The method defined 1n claim 4, wherein said step of disposing said third sensor

comprises disposing said third sensor about one inch (25.4 mm) above said second

SCIISOT.
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The method defined 1n claim 4, further comprising generating a fuel reserve signal
indicative of said computed volume and displaying said computed volume to the

vehicle operator as the fuel reserve.

The method defined in claim 4, wherein said step of comparing said second and third
signals includes disabling said comparing when the fuel level 1s below said certain

distance.

The method defined in claim 4, wherein said step of comparing said second and third
signals includes disabling said comparing when said fuel level 1s below said certain
distance and said step of computing includes storing the last computed value until the

tank is filled and the fuel level raised above said certain distance.
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