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(57) Abrégée/Abstract:
One or more main aircraft fuel tanks (34) are provided with one or more fuel gauges (42) arranged to provide a measure of the
amount of fuel in sald one or more main fuel tanks. One or more auxiliary fuel tanks (30) are also provided. The aircraft uses fuel
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(57) Abrege(suite)/Abstract(continued):
during a first phase of fuel consumption, upon commencement of which phase the auxiliary fuel tanks hold fuel. After the first

phase sald one or more auxiliary fuel tanks (30) are empty and a second phase commences. During the first phase, an indication of
the amount of fuel carried by the aircraft is provided by means of summing (i) the amount of fuel in the main fuel tanks (34) as
measured by sald one or more fuel gauges (42) and (i) the amount of fuel remaining in said one or more auxiliary fuel tanks (30) as
calculated using a measure relating to the fuel consumption rate. During the second phase of fuel consumption, an indication of
the amount of fuel carried by the aircraft is provided on the basis of the amount of fuel measured by said one or more fuel gauges

(42).
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(57) Abstract: One or more main aircraft fuel tanks (34) are provided with one or more fuel gauges (42) arranged to provide a

& measure of the amount of fuel in said one or more main fuel tanks. One or more auxiliary fuel tanks (30) are also provided. The
o 1) P
[~ aircraft uses fuel during a first phase of fuel consumption, upon commencement of which phase the auxiliary fuel tanks hold fuel.
& After the first phase said one or more auxiliary fuel tanks (30) are empty and a second phase commences. During the first phase, an
& indication of the amount of fuel carried by the aircraft is provided by means of summing (i) the amount of fuel in the main fuel tanks
y P y g
& (34) as measured by said one or more fuel gauges (42) and (i1) the amount of fuel remaining in said one or more auxiliary fuel tanks
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(30) as calculated using a measure relating to the fuel consumption rate. During the second phase of fuel consumption, an indication
of the amount of fuel carried by the aircraft is provided on the basis of the amount of fuel measured by said one or more fuel gauges
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Aircraft Auxiliary Fuel Tank System and Method

Technical Field

This invention relates to auxiliary fuel tanks for
aircraft and a method for monitoring fuel quantities when

auxiliary fuel tanks are utilised.

Background of the Invention

Aircraft are generally equipped with fuel tanks located
in the wings and centre wing box. These main tanks are
typically permanently fitted to the aircraft and are of a
rigid construction. The main tanks typically comprise the
wing and centre wing box tanks. A multiplicity of fuel
gauges are fitted to the main tanks such that the quantity
of remaining fuel in the main tanks can be accurately

determined, which is important in ensuring safe flight

operations. A fuel indicator provides a measurement of the
fuel remaining in the tanks that is typically accurate to
1%3. The system of fuel gauges utilised ensures that a high
integrity system is achieved, having a mean time to failure
of greater than 1 x 10° hours.

It is possible to fit auxiliary fuel tanks to alrcraft
to increase the fuel capacity and therefore increase the

range of the aircraft. Such auxiliary fuel tanks may be

fitted in the fuselage of the aircraft under the flooring,
and are often made of flexible material, such as
polyurethane, to enable them to be fitted around the
structure of the aircraft without the need to dismantle that

structure, thereby allowing fitment and removal as required.
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Auxiliary fuel tanks typically have a capacity of between
about 5% and 50% of the main tank capacity.

When operating with auxiliary tanks it is highly
desirable to provide a means for indicating the total fuel
available, that is, the sum of the fuel in both the main
tanks and the auxiliary tanks. This could be achieved by

providing fuel gauges on the auxiliary tanks, but the

fitment of fuel gauges to the auxiliary tanks would be

costly and would add weight to the tanks. Furthermore, such

auxiliary gauges might need to be connected to the fuel
monitoring system of the aircraft so that a correct
indication of the fuel remaining could be displayed, which
would further complicate their fitment. Even 1f gauges were
fitted to flexible auxiliary tanks it would be difficult to

obtain an accurate measure of the fuel quantity in such

tanks due to the flexible nature of the tank and the complex
shapes of the tanks.

Summary of the Invention

The present invention provides a method of operating an

aircraft having auxiliary fuel tanks without the requirement

of fitting fuel gauges to those fuel tanks.

1]

fIn particular the invention provides a method o:

aircraft operation, comprising the steps of:

providing one or more main fuel tanks in which fuel 1s
stored, said one or more main fuel tanks being provided with
one or more fuel gauges arranged to provide a measure of the
amount of fuel in said one or more main fuel tanks,

providing one or more auxiliary fuel tanks in which

fuel 1s stored,
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the aircraft using fuel during a first phase of fuel
consumption, said one or more auxiliary fuel tanks holding
fuel upon commencement of the first phase, and said one or

more auxiliary fuel tanks being substantially empty of fuel

immediately after the first phase,

during the first phase of fuel consumption, providing
an indication of the amount of fuel carried by the aircraft
by means of summing the amount of fuel in said one or more
main fuel tanks as measured by salid one or more fuel gauges
and the amount of fuel remaining in said one or more

auxiliary fuel tanks as calculated using a measure relating

to the fuel consumption rate,

the aircraft using fuel during a second phase of fuel
consumption, the second phase commencing immediately after
the end of the first phase, salid one or more auxiliary fuel
tanks remaining substantially empty of fuel during the
second phase of fuel consumption, and

during the second phase of fuel consumption, providing

an indication of the amount of fuel carried by the aircraft,

the indication being based on the amount of fuel measured by
said one or more fuel gauges.

The auxiliary fuel tanks may be full prior to
commencement of the first phase. The method may include a
step of filing said one or more auxiliary fuel tanks with
fuel. The method may include a step of detecting when said
one or more auxiliary fuel tanks are full. The auxiliary
fuel tanks being full may be detected by means of detecting
fuel flow through an overflow outlet associated with those
auxiliary fuel tanks. The overflow outlet may be equipped
with a flow detection means (for example a flow meter, a
movement sensor or a fuel detector) to detect the presence

or absence of fuel in the overflow. The presence or absence



10

15

20

25

30

CA 02633108 2008-06-09
WO 2007/071909 PCT/GB2006/004501

of fuel in the overflow may for example be detected by
measuring the flow of fuel through the overflow outlet.

During the first phase of fuel consumption fuel may be
pumped from the auxiliary fuel tanks to the main fuel tanks.

The quantity of fuel in the main fuel tanks may be
maintained at a particular level during the first phase of
fuel consumption. For example, the main tanks may be kept
substantially full of fuel during the first phase of fuel
consumption.

The first phase of fuel consumption is terminated when

the auxiliary fuel tanks are empty. The method may include

a step of detecting when the auxiliary fuel tanks are empty.
Such a step may be conducted by monitoring the pressure at
one or more fuel pumps pumping fuel from the auxiliary
tanks. A low-pressure measurement may for example be
indicative of the auxiliary fuel tanks being empty. The
auxiliary fuel tanks being empty may additionally or

alternatively be detected by monitoring the fuel consumption

rate and the rate of change of fuel quantity in the main

tanks. For example, the fuel consumption rate being
substantially equal to the rate of change of fuel quantity
in the main tanks may be indicative of the auxiliary fuel
tanks being empty. A combination of the two methods
described above for detecting when the auxiliary fuel tanks
are empty may be used.

The measure relating to the fuel consumption rate may
simply be equal to the fuel consumption rate as measured.
Alternatively, the measure may comprise information from
which the fuel consumption rate may be calculated. In such

a case the method may include a step in which the fuel

consumption rate is calculated.
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The fuel remaining in the auxiliary fuel tanks may be
determined by subtracting the integral of the fuel
consumption rate from the quantity of fuel in the auxiliary

fuel

fuel in the auxiliary fuel tanks at the start of the first

L

ranks at the start of the first phase. The quantity of

phase may be ascertained on the basis that the auxiliary
tanks are full at the start of the first phase and the
predetermined capacity of the auxiliary tanks. As an
alternative, the quantity of fuel in the auxiliary fuel
tanks at the start of the first phase may be ascertalned by
measuring the amount of fuel that has been pumped into the
auxiliary fuel tanks when filling the tanks.

The one or more auxiliary fuel tanks may have a fuel

holding capacity that is less than that of the main tanks.

For example, the fuel able to be held in the auxiliary tanks
may be less than 30% and possible less than 20% of the total
volume of fuel able to be held in all the fuel tanks of the
aircraft.

The auxiliary fuel tanks may be ungauged. However, it

is within the scope of the invention for the one or more

auxiliary fuel tanks to be provided with one of more fuel
gauges. Such auxiliary fuel gauges could for example Dbe
used as a backup and to provide approximate indication of
the amount of fuel in the auxiliary fuel tanks, possibly to
confirm the validity of indirect measurements of the “empty”
or “full” status of any or all of the auxiliary tanks.

The present invention also provides a fuel quantity
indication method, comprising the steps of

during a first phase of aircraft operation, during
which phase fuel is held in at least one ungauged fuel tank
and at least one gauged fuel tank, calculating the remaining

fuel quantity in the ungauged fuel tank by subtracting the
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integral of the fuel consumption rate from the quantity of
fuel in the ungauged tank at the start of the first phase
and adding the quantity of fuel in the gauged fuel tank as
indicated by the fuel gauges, and displaying the remaining
fuel quantity accordingly. The fuel gquantity indication

method may be so performed that, during a second phase of

aircraft operation, during which phase fuel 1s only held in
gauged fuel tanks, the gquantity of fuel measured by the fuel
gauges is displayed as the remaining fuel quantity.

The present invention further provides a computer
system arranged to calculate the amount of fuel carried by

an aircraft, during a first phase, while one Or more

auxiliary fuel tanks hold fuel, the amount of fuel beilng
calculated by means of summing (i) the amount of fuel
represented by a first input to the computer system
concerning the amount of fuel in one oOr more main fuel tanks
as measured by one or more fuel gauges and (ii) the amount
of fuel in the one or more auxiliary fuel tanks as

calculated using a previous measure of the amount of fuel in

the auxiliary fuel tanks and a second 1lnput to the computer
system representing the rate oI fuel consumption. The
amount of fuel as calculated by the computer system may be

sent as an output to a display that presents the pilot

during flight of an aircraft with an indication of the

amount of fuel carried by an aircraft as calculated by the
computer system. The computer system may also be arranged
to send an output during a second phase concerning the
amount of fuel remaining, the output sent being based on the
first input. The computer system may be arranged toO send a
phase-indicating output that indicates whether the output
concerning the amount of fuel has been calculated by the

computer system during the first phase or during the second
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phase. The display of the amount of fuel as seen by the
pilot may distinguish between the first phase and the second
phase. For example, the fuel quantity display may include

an indication of the source of the data. The display of the

gy

fuel quantity may for example be effected by means o:
displaying the fuel quantity in a first manner during the
first phase and displaying the fuel quantity in a second
manner, different from the first manner, during the second
phase. For example, the display may be made in different
colours. Thus, during operation, the pilot may be able to
discern from the computer system whether the fuel quantity
displayed is the fuel quantity as calculated during the
first phase, and thus of low integrity, or whether the fuel
quantity is displayed during the second phase, and thus otr
high integrity.

The computer system may also be arranged to provide

indications of the status of one, some or all of said one or
more main fuel tanks and of the status of one, some or all

of said one or more auxiliary fuel tanks, the status of each

tank for example representing the integrity of the fuel
tanks. For example, the status indications may be effected
by means of displaying the statuses in colours according to
the integrity. Thus, in the case where the amount of fuel
carried by the aircraft is itself presented in such a way as
to indicate that the fuel tanks in which the fuel 1is held

are collectively to be considered as low integrity, the

pllot can ascertailn that the status of some of the tanks,

for example the main tanks, is actually high integrity.

The computer system may form part of an aircraft’s

computer system that performs other functions.
The present invention yet further provides an aircrarft

fuel tank assembly, comprising
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at least one auxiliary fuel tank,

at least one main fuel tank having one or more fuel
gauges,

and

S a fuel quantity display apparatus,

the assembly being so arranged that

while said one or more auxiliary tanks hold fuel, the
fuel quantity display apparatus provides an indication of

the amount of fuel carried by the aircraft in dependence on

10 the sum of (i) the amount of fuel in said one or more mailn
fuel tanks as measured by said one or more fuel gauges and
(ii) the amount of fuel remaining in said one or more
auxiliary fuel tanks as calculated using a measure relating
to the fuel consumption rate, and

15 while said one or more auxiliary fuel tanks are

substantially empty, the fuel quantity display apparatus

provides an indication of the amount of fuel carried by the

aircraft based on the amount of fuel measured by said one oOr

more. fuel gauges.

20 A processor may be provided to calculate the amount of

fuel carried by the aircraft by summing parameters

concerning (i) the amount of fuel in said one or more main
fuel tanks as ascertained from one or more inputs from said
one or more fuel gauges and (ii) the amount of fuel

25 remaining in said one or more auxiliary fuel tanks as
calculated by the processor using an input concerning the
fuel consumption rate. The amount of fuel remaining in said
one or more auxiliary fuel tanks may be calculated in
dependence on a parameter concerning the amount of fuel in

30 said one or more auxiliary fuel tanks at a known time in the
past. The processor may form part of the computer system of

the present invention described herein. One or more flow
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meters may be provided to measure the fuel consumption rate.

The auxiliary fuel tank may comprise an overflow outlet

connected such that fuel flowing out of that overflow outlet

passes into the main fuel tank.

The present invention also provides an aircraft having

an aircraft fuel tank assembly according to the above-

described aspect of the invention.

The invention also provides a software product for
programming a processor to calculate the amount of fuel
carried by an aircraft, the software product having a
software module

(a) for calculating and outputting a fuel quantity
parameter, which represents the amount of fuel remaining

during a first phase while one or more auxiliary fuel tanks

hold fuel, by means of summing (i) a first parameter

concerning the amount of fuel in one or more main fuel tanks
as measured by one or more fuel gauges and (il) a second
parameter concerning the amount of fuel in the one or more
auxiliary fuel tanks, and

(b) for calculating the second parameter using a

previous measure of the amount of fuel in the auxiliary fuel
tanks and a third parameter concerning the rate of fuel

consumption. The software product may include a software

module for sending an output to a display device to display

an indication of the fuel quantity parameter. The second

parameter may be calculated by subtracting from the previous

measure of the amount of fuel in the auxiliary fuel tanks an

integral of the third parameter over a period starting at an

instant equivalent to the instant to which the previous

measure of the amount of fuel in the auxiliary fuel tanks

relates.
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The software module may also be arranged to output a
fuel quantity parameter, during a second phase while one Or
more auxiliary fuel tanks are substantially empty, by means

of outputting the first parameter concerning the amount ot

| -

Ffuel tanks as measured by one 0X

5 fuel in one or more main
more fuel gauges. The software product may comprise one Or
a plurality of software modules. For example, one module
may perform all of the afore-mentioned functions of the
software product.

10 It will of course be appreciated that various aspects
of the invention as described above are interrelated. For
example, the computer system of the present invention may
comprise a processor programmed with the above-mentioned
software product. Therefore features described in relation

15 to one aspect may be incorporated into another and vice

versd.

Description of the Drawings

20 An embodiment of the present invention will now be
described by way of example with reference to the

accompanying drawings, of which:

Figure 1 shows an auxiliary fuel tank of the

25 embodiment;

Figure 2 shows three auxiliary fuel tanks connected

together according to the embodiment;

Figure 3 is a diagram of a fuel system according to the

embodiment; and

30 Figure 4 shows a flowchart of the method of aircraft

operation according to the embodiment.
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Detailed Description

The embodiment of the invention provides a fuel system
including un-gauged auxiliary fuel tanks and gauged main

fuel tanks and a method of operating an aircraft with such a

fuel systemn.

Figure 1 shows an auxiliary tank 1 of the embodiment of

the present invention. The fuel tank is shaped to fit in

floor cavities of an aircraft and is provided with
interconnect fittings 2 to enable a number of such fuel

tanks to be connected together. Vent fittings 3 are

provided in the top of the fuel tank such that air is vented
from the tank to ensure complete filling, the wvent
connections also act as overflow outlets for each tank.

An auxiliary fuel tank system according to the
embodiment of the invention consists of a number of
individual tanks connected together via their interconnect
and vent fittings. One of the vent fittings is an overflow

for the auxiliary fuel tank system and is configured such

that fuel only flows out of that overflow when the auxiliary
tank system is full. Figure 2 shows auxiliary fuel tanks
according to the present embodiment.

The present embodiment utilises three fuel tanks 21,
22, 23 connected in a series arrangement. A first tank 21
has one of its interconnect fittings 29 connected to the
fuel system of the aircraft to allow fuel to be pumped into,
or out of, the auxiliary fuel tank system. Other
interconnect fittings of the first tank 21 are connected 27
to the interconnect fittings of a second tank 22, which tank
is also connected to a third tank 23. Any interconnect
fittings of the third tank not utilised for connection to

the second tank are closed 24.



10

15

20

235

30

CA 02633108 2008-06-09

WO 2007/071909 PCT/GB2006/004501

._.12.-

The vent fittings of the first tank 21 are connected 26
to the vent fittings of the second tank 22, with any unused
fittings of the first tank being closed 25. The vent

fittings of the second tank are connected to the vent

fittings of the third tank 23. Vent fittings of the third

tank form an overflow and are connected 28 to a vent system

of the aircraft, as described below. This connection system
ensures that fuel can only flow out of the overflow when all
auxiliary fuel tanks in the system are full. In the system
of Figqure 2, all of the tanks will fill to the bottom of
their vent connection before any fuel flows out of the

overflow 28.

Other systems of auxiliary fuel tanks are also

possible, and it is also possible to use a single large
auxiliary tank as opposed to the plurality of smaller tanks
described above.

Figure 3 shows a schematic diagram of a fuel system
according to the embodiment of the present invention.
Auxiliary fuel tanks 30 are connected as described above

with reference to Figure 2. The interconnect port 31 of the

first auxiliary fuel tank 32 is connected to the refuel

gallery 33 and the main tank 34, via a refuelling wvalve 35
and, in parallel, wvia an outlet valve 36 and a fuel pump 37.
The inlet 38 to the main tank 34 is equipped with a valve
39. The overflow 40 of the auxiliary fuel tanks (a vent
connection of the last auxiliary fuel tank) 1is connected to
the main fuel tank whereby fuel can flow through the
overflow into the main tank. The outlet into the main tank
is equipped with a flow detector 41.

The main tank has a fuel gauge 42 which i1s connected to
the avionics systems 43 of the aircraft to allow accurate

monitoring and display of the quantity of fuel in the main
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tank. The auxiliary fuel tanks have a total capacity of
approximately 4,000 litres, while the main fuel tanks have a
capacity of approximately 60,000 litres.

The method, according to the present embodiment, of
operating an aircraft with a fuel system as described above
will now be described with reference to Figure 4. The
method of the embodiment utilises the use of a fuel quantity
gauging system implemented in software in the aircrafts
computer systems (not shown).

If a flight does not require more fuel than can be
stored in the main fuel tanks, then fuel is only placed into
those main fuel tanks 50. During a flight not using
auxiliary fuel tanks fuel is consumed from the main tanks
and the fuel guantity is indicated based on the main tank
fuel gauges 31.

If auxiliary tanks are required then refuelling beglns
by opening 53 the auxiliary tank refuel wvalve 35 and closing
54 the main fuel tank wvalve 39 such that fuel pumped into

the refuelling gallery 33 passes into the auxiliary tanks.

Fuel is pumped 55 into the aircraft and the auxiliary fuel

tanks will fill with fuel, until a level is reached where

fuel flows out of the overflow 40 and into the main tanks

34. This indicates that there is a known quantity of fuel

in the auxiliary tanks and is indicated by fuel flow being
detected by indicator 41. When such flow 1s detected 56 the
auxiliary tank refuel wvalve 35 is closed 57 and the main
tank refuel valve 39 1s opened 58 such that fuel passes into
the main tanks.

The total fuel load of the aircraft during filling of
the main tanks 1s the quantity in the auxiliary tanks (which
is known since they are full) plus the quantity of fuel in

the main tanks which is known accurately by the indication
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of the gauge 42. Refuelling continues until the quantity of

fuel in the aircraft is equal to the required fuel load 523.
Operation of an aircraft using the auxiliary fuel tanks
is split into two phases. At the start of the first phase
valves 36 and 39 are opened 60 and fuel pump 37 is operated
61. Operation of pump 37 is controlled by the main fuel
tank gauge such that the main tanks are kept full 62Z.
Maintenance of the level of fuel in the main fuel tanks by
pumping fuel from the auxiliary tanks to the main tanks

continues while fuel is consumed by the Auxiliary Power Unit

(APU) and/or engines, throughout the first phase.
The quantity of fuel remaining in the main tanks during
aircraft operation is known from the fuel gauge in those

tanks, and is therefore known to a high degree of accuracy.

The rate of fuel consumption 1s monitored by aircraft

avionics systems in a conventional manner, which utilises a

plurality of fuel flow meters located in the fuel system of
the aircraft. By integrating the fuel consumptlion rate over

time that rate is used to provide an indication of the

amount of fuel consumed. The quantity of fuel in the
auxiliary tanks at the start of the flight is known and the
quantity of fuel remaining in the auxiliary tanks 1s
calculated by subtracting the consumed fuel quantlty from
that initial quantity. While fuel remains in the auxiliary
fuel tanks, the total remaining fuel quantity is calculated
as Qaux start T COmain ind ~ integral (Cengine + Capu) . Where,
Qaux_start = Fuel quantity in auxiliary tanks before the start
of consumption, Qmain ina = Fuel quantity in main tanks, as
indicated by the main tank gauges, Cengine = CoOnsumption rate
of engines and Cppy = Consumption rate of APU. The fuel
remaining in the auxiliary tanks 1s equal to the total fuel

quantity, minus the indicated level in the main tanks.
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Dburing refuelling the auxiliary fuel tanks are filled

until an overflow is detected and so the quantity of fuel in

the auxiliary tanks at the start of the first phase 1S

defined by the coniiguration of the auxiliary tanks. That
quantity is stored in the aircraft avionic systems.
Alternatively the quantity can be entered into the system by
the aircraft operator once refuelling has been completed.

During this first phase of fuel consumption the total

remaining quantity of fuel is only known by an indirect
measure since the fuel quantity in the auxiliary tanks 1s
calculated from the rate of fuel consumption and the initial

quantity of fuel in the auxiliary tanks. The quantity of

fuel in the auxiliary fuel tanks is therefore considered a
low-integrity measurement, with a mean time to failure of 1
% 10% hours. However, the level of fuel in the main tanks
is known to a high integrity (as it is indicated directly Dby

the fuel gauges) and so there is a reliable measure of the

minimum amount of fuel on board even if there is an error in
the calculations and the auxiliary fuel tanks are empty. BY
emptying the auxiliary fuel tanks while malintaining a known
quantity in the main fuel tanks a high-integrity indication
of the quantity of fuel in the auxiliary fuel tanks 1s not
required as the minimum quantity of fuel on board is known
to a high integrity, thereby allowing safe flight

completion.

The consumption of all of the fuel in the auxiliary
fuel tanks is detected by sensing that the rate of change of
fuel in the main tanks has become equal to the consumption
rate. When it is detected 63 that the auxiliary fuel tanks
are empty valves 36 and 39 are closed 64 and pump 37 15
turned off 65. This terminates the first phase, and flight

then continues in a second phase, using the fuel 1n the main
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tanks. During this second phase of fuel consumption the
quantity of remaining fuel is known accurately from the fuel
gauges in the main tanks, therefore allowing safe flight

completion 66.

When the auxiliary fuel tanks are empty, the indicated

fuel quantity switches from being based on the fuel
consumption rate, to being a direct measure taken from the
main fuel tank gauges. Since the quantity calculated from

the consumption rate is an approximation it is likely that

there will be a step change in the quantity of fuel
indicated when the basis of the indication changes.

The fuel quantity display includes an indication of the
source of the data. When the quantity displayed is derived
only from the main tank fuel gauges the fuel guantity is

displayed in green to indicate that 1t 1s a high-integrity

reading. If the displayed quantity is derived from the main

tank gauges plus the estimated quantity of fuel in the
auxiliary tanks then the display is in amber, to indicate
that it is a low inteqrity reading. The pilot also has
access to a fuel page on the CDS (Cockpit Display System)

wh
start of the flight when a low integrity total fuel quantity

~re the statuses of fuel tanks are shown. Hence at the

i,

is displayed, the pilot can see that each of the main tanks
still have high integrity measured quantities, whereas the
auxiliary tanks have a low integrity calculated quantity.
Again, these status indications are coloured green for high
integrity and amber for low integrity. Other systems tO
display the source of the quantity of fuel are also
possible.

Whilst the present invention has been described and
illustrated with reference to particular embodiments, 1t

will be appreciated by those of ordinary skill in the art
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that the invention lends itself to many different variations
not specifically illustrated herein. By way of example,
certain variations to the above-described embodiments will
now be described.

The embodiment described above estimates the quantity
of fuel consumed by the consumption rate of the engines and
APU, but it is also possible to estimate the fuel remaining
in the auxiliary fuel tanks by measuring the volume of fuel
pumped out of the fuel tanks. Furthermore a combination of

pr—

methods can be used to improve the reliability of the

detection.

|

In the embodiment described the consumption of all o:
the fuel in the auxiliary fuel tanks is indicated by the
consumption rate matching the rate of change of the main
tank volume. The auxiliary fuel tanks being empty, and

hence the end of the first phase, can also be detected by

the indication of a low pressure at pump 3/, or a

combination of both techniques.

The embodiment of the invention keeps the main fuel

tanks full while there is fuel in the auxiliary fuel tanks,

but the main tanks could be maintained at any level as

opposed to being kept full. The fuel tanks should be

maintained at a sufficiently high level that they will
always hold enough fuel for the aircraft to land safely in
the event that the indicated guantity in the auxillary fuel
tanks 1s incorrect.

Depending on the configuration of the aircraft the
calculation and display of fuel quantities may be performed
by the aircraft avionics systems, by a fuel quantity display
apparatus forming part of the aircraft avionics systems or
by a dedicated fuel quantity display apparatus. The main

tank fuel gauges and fuel consumption rate indicators are



10

CA 02633108 2008-06-09
WO 2007/071909 PCT/GB2006/004501

-~ 18 -

connected to the appropriate apparatus, dependent upon the
apparatus performing the calculation and display.

Where in the foregoing description, integers or
elements are mentioned which have known, obvious Or
foreseeable equivalents, then such equivalents are herein
incorporated as if individually set forth. Reference should

be made to the claims for determining the true scope of the

present invention, which should be construed so as to
encompass any such equivalents. It will also be appreciated
by the reader that integers or features of the invention
that are described as preferable, advantageous, convenient

or the like are optional and do not limit the scope of the

independent claims.
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CLAIMS:

1. A method of aircraft operation, comprising the steps of:

(a) providing one or more malin fuel tanks i1n which fuel
is stored, said one or more main fuel tanks being provided
with one or more fuel gauges arranged to provide a measure of
the amount of fuel in said one or more main fuel tanks,

(b) providing one or more auxiliary fuel tanks in which
fuel 1s stored,

(c) the aircraft using fuel during a first phase of
fuel consumption,

sald one or more auxiliary fuel tanks holding fuel upon
commencement of the first phase, and

sald one or more auxiliary fuel tanks being
substantially empty of fuel immediately after the first
phase,

(d) during the first phase of fuel consumption,
providing an indication of the amount of fuel carried by the
aircraft by means of summing (i) the amount of fuel in said
one or more main fuel tanks as measured by said one or more
fuel gauges and (i1) the amount of fuel remaining in said one

or more auxiliary fuel tanks as calculated using a measure

relating to the fuel consumption rate,

(e) the aircraft using fuel during a second phase of
fuel consumption, the second phase commencing immediately
after the end of the first phase, said one or more auxiliary
fuel tanks remaining substantially empty of fuel during the
second phase of fuel consumption, and

(f) during the second phase of fuel consumption,

providing an indication of the amount of fuel carried by the
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aircraft, the indication being based on the amount of fuel

measured by said one or more fuel gauges.

2. A method of aircraft operation according to claim 1,
wherein the auxiliary fuel tanks are full prior to

commencement of the first phase.

3. A method of aircraft operation according to claim 2,
wherein the method includes a step of detecting when the
auxiliary fuel tanks are full by means of detecting the

presence or absence of fuel 1n an overflow outlet associated

with those auxiliary fuel tanks.

4, A method of alrcraft operation according to any one of
claims 1 to 3, wherein during the first phase fuel is pumped
from the auxililiary fuel tanks to the main tanks to maintain
the quantity of fuel in the main fuel tanks at a particular

level.

5. A method of aircraft operation according to any one of
claims 1 to 4, wherein the method includes a step of
detecting when the auxiliary fuel tanks are empty by
detecting low pressure at a fuel pump pumping fuel from the

auxiliary tanks.

6. A method of aircraft operation according to any one of
claims 1 to 5, wherein the method includes a step of
detecting when the auxiliary fuel tanks are empty by
monitoring the fuel consumption rate and the rate of change

of fuel quantity in the main tanks.
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7. A method of aircraft operation according to any one of
claims 1 to 6, wherein the fuel remaining in the auxiliary
fuel tanks 1s determined by subtracting the integral of the
fuel consumption rate from the quantity of fuel in the

auxiliary fuel tanks at the start of the first phase.

8 . A fuel quantity 1ndication method, comprising the steps
of:
during a first phase of aircraft operation, during which

phase fuel is held i1in at least one ungauged fuel tank and at

least one gauged fuel tank, calculating the remaining fuel
quantity in the ungauged fuel tank by subtracting the
integral of the fuel consumption rate from the quantity of

fuel in the ungauged tank at the start of the first phase and

adding the quantity of fuel in the gauged fuel tank as

1ndicated by the fuel gauges, and displaying the remaining
fuel guantity accordingly,

during a second phase of aircraft operation, during
which phase fuel is only held in gauged fuel tanks,
calculating the amount of remaining fuel according to the
quantity of fuel indicated by the fuel gauges and displaying

the remaining fuel qgquantity accordingly.

9. A computer system arranged to calculate the amount of

fuel carried by an aircraft,

during a first phase, while one or more auxiliary fuel

P

tanks hold fuel, the amount of fuel being calculated by means

of summing (1) the amount of fuel represented by a first
input to the computer system concerning the amount of fuel in
one or more mailn fuel tanks as measured by one or more fuel

gauges and (i1) the amount of fuel in the one or more
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auxiliary fuel tanks as calculated using a previous measure

of the amount of fuel in the auxiliary fuel tanks and a

second input to the computer system representing the rate of

fuel consumption.

D
10. An aircraft fuel tank assembly, comprising:
at least one auxiliary fuel tank,
at least one main fuel tank having one or more fuel
gauges, and
10 a fuel quantity display apparatus,

the assembly being so arranged that
while said one or more auxiliary tanks hold fuel, the
fuel quantity display apparatus provides an indication of the
amount of fuel carried by the aircraft in dependence on the
15 sum of (1) the amount of fuel in said one or more main fuel
tanks as measured by said one or more fuel gauges and (ii)
the amount of fuel remaining in said one or more auxiliary
fuel tanks as calculated using a measure relating to the fuel
consumption rate, and
20 while said one or more auxiliary fuel tanks are

substantially empty, the fuel quantity display apparatus
provides an indication of the amount of fuel carried by the

alrcraft based on the amount of fuel measured by said one or

more fuel gauges.
25
11. A computer-readable medium comprising instructions
stored thereon that when executed by a processor calculates
the amount of fuel carried by an aircraft, comprising:
(a) calculating and outputting a fuel quantity
30 parameter, which represents the amount of fuel remaining

during a first phase while one or more auxiliary fuel tanks
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hold fuel, by means of summing (1) a first parameter

concerning the amount of fuel i1n one or more main fuel tanks
as measured by one or more fuel gauges and (1i1) a second
parameter concerning the amount of fuel in the one or more
auxiliary fuel tanks, and

(b} calculating the second parameter using a pPrevious
measure of the amount of fuel in the auxiliary fuel tanks and

a thlird parameter concerning the rate of fuel consumption.
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Figure 2
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Figure 3
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Auxiliary Fuel
Tanks Needed?

No
Open auxiliary tank

50 ~\_/ Refuel Main

Tank

93 M\ refuel valve
Indicate fuel in main
F|g ure 4 54 . tank only

—\/ Close main

tank valve 8

Refuel aircraft 51

verflow Detected?
56 "

Yes

57 ~_ | Close auxiliary tank
refuel valve

58 “ 7| Open main tank valve

59 Refuel until desired
fuel level indicated in main tank

60 | Open auxiliary outlet valve
and main tank valve

Operate fuel pump to maintain
61 predetermined level

Indicate fuel quantity as
auxiliary tank capacity + main tank gauged quantity
- integrated consumption rate

Auxiliary tank empty?
Yes

Close auxilial:y tank outlet valve ~_ 64
and main tank valve

Turn off pump ~ 695

Indicate fuel quantity as gauged
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