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ground circuit (18). Multiple discharge
paths (18-26-19) allow the safe discharge
of electricity from the tank (1) before
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other electric discharge, able to ignite fuel
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paths all pass via a conductive foam
(26) having a relatively high impedance
that allow static bleed, but does not
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induced by lightning reaching levels
at which an ignition-causing electrical
discharge might occur. The foam (26)
is securely bonded to both the aircraft
ground circuit (19) and the fuel probe
ground (18), the bonds having a large
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FUEL TANK FOR AN AIRCRAFT

The present invention relates to aircraft fuel tanks, and
particularly but not exclusively, to aircraft fuel tanks made out
of composite materials.

During flight, undesirable electrical energy can build up in
aircraft fuel tanks. This can be in the form of static
electricity of electrical energies induced in the tank due to a
lightning strike. If this energy is allowed to build to a great
enough level then there exists a significant risk of an ignition
event occurring in which the aircraft fuel, in particular fuel
vapour, in the fuel tanks will ignite. It is thus desirable to
limit the amount of electrical energy that is able to exist
within the tank.

Fuel tanks of the prior art made of metal typically offer a
certain amount of protection from lightning by virtue of the tank
acting as a Faraday cage. However, composite fuel tanks do not
afford‘such inherent protection. Such a disadvantage of
composite fuel tanks can, to a limited extent, be mitigated by
means of having a metallic mesh embedded within the composite
structure. However, such measures provide little protection in
the case of larger composite fuel tanks, where in-tank conductive
components increase the risk of an ignition event resulting from
lightning. .

Fuel tank safety has over recent years been recognised as
being particularly important in maintaining aircraft safety.
Various regulations have been laid down by the relevant official
bodies governing aircraft design. For example, the FAA (the US
Federal Aviation Administration) has set various criteria for
fuel tank design in aircraft in Special Federal Aviation -
Regulation (SFAR) No. 88. It is of course highly desirable for

any modifications or improvements of fuel tank design to be
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compatible with (SFAR) No. 88 and/or any similar regulations in
other countries or which supersede (SFAR) No. 88.

Due to the potentially catastrophic consequences, should an
ignition event occur in an aircraft fuel tank, whatever means
used for reducing the level of the risk on the level of
electrical energy within the tank should ideally be highly
reliable. It is desirable for example that these means should
preferably be of a safety-critical nature. For example, the
means should preferably be in the form of a fail-safe system.

One safety system of a fuel tank of the prior art simply
comprises one or more discrete discharge paths from the fuel tank
to the aircraft ground, in the form of grounding straps
mechanically bonded to the tank and to the aircraft structure.
Such straps are required to be routinely manually visually
inspected to ensure that the local bonding points maintain good
conductive contact. Such manual checks can only be performed
when the aircraft is stationary and grounded and are not
especially reliable.

The present invention seeks to provide a fuel tank with
improved safety features and/or a fuel tank, which mitigates one
or more of the problems or disadvantageous features of the prior
art mentioned above and/or meets one or more of the above-
mentioned criteria that it would be desirable to satisfy.

The present invention provides an aircraft comprising a fuel
tank inside which there i1s provided at least one fuel measurement
sensor, the fuel measurement sensor being connected to a control
circuit via an electric signal carrying conductor, wherein the
aircraft has a common ground circuit, the fuel measurement sensor
and conductor are grounded to a separate ground circuit, the two
ground circuits are connected by means of a high impedance
discharge path, which facilitates the safe discharge of

electricity from within the fuel tank, and the aircraft is so
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arranged that during flight there is no short-circuit between the
two ground circuits.

The discharge path is preferably arranged to facilitate the
discharge of electricity from within the tank. The discharge
path may be arranged to facilitate the discharge of static
electricity. The discharge path is preferably arranged to
facilitate the discharge of electricity, for example electrical
transients, induced by environmental conditions, such as for
example lightning or radiation. Thus static electricity in the
fuel tank is able to be discharged through the discharge path to
the aircraft ground before it builds up to an unsafe level.
Also, if the fuel tank is struck by lightning, electrical energy
induced within the tank may be discharged through the discharge
path to the aircraft ground. It will be appreciated that the
risk of an ignition event being caused by currents induced by
lightning can be reduced by insulating the in-tank conductive
components, but that can increase the risk of static charge
build-up becoming hazardous. Thus, the impedance of the
discharge path should be high enough to reduce the maximum
electrical discharge energy able to be induced in the tank by
lightning to an acceptable level, but low enough to allow a flow
of current sufficient to prevent static electricity from building
up to a dangerous level.

The impedance between the two ground circuits may for
example be greater than 5 kQ. The impedance may be less than 1
MQ. The two ground circuits may be electrically connected by
means of a material having a volume resistivity of between 1kQOm
and 20MQOm. The volume resistivity may be between 10kQm and
10MQm. The volume resistivity may be greater than 50kQm. The

volume resistivity may be less than 1MQOm.
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The afore-mentioned material connecting the ground circuits
conveniently forms substantially the entire length of the
discharge path. The material is preferably connected to each
ground circuit at a multiplicity of different spaced-apart
regions securely in electrical contact with the respective ground
circuit. Such a bonding arrangement 1s less prone to failure
than for example a single . bond location as is commonly used when
bonding a grounding strap to ground.

The two ground circuits are advantageously electrically
connected by means of a conductive foam. The two ground circuits
are preferably connected by material sandwiched between an inner
box, in electrical contact with the fuel probe ground circuit,
and an outer box, in electrical contact with the common aircraft
ground circuit.

It will be understood that as a consequence of there being
no short-circuit between the two ground circuits, there is no
short circuit path from the fuel measurement sensor in the fuel
tank to aircraft ground. Importantly, there is advantageously no
low impedance path between the two ground circuits (i.e. there is
advantageously no path between the two ground circuits having an
impedance low enough to pose a risk of there being an unsafe
electrical discharge as a result of lightning).

The impedance between the two ground circuits is preferably
greater than a minimum value calculated in accordance with the
following criteria:

(1) Total discharge from the control circuit associated
with the fuel measurement sensor to the aircraft structure <200nJ
under fault condition, and |

(2) Total current under fault condition <30mA.

The following table shows the calculated discharge energies
in respect of various source impedances (the impedance between

the two ground circuits), load impedances and various lengths of
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in-tank cable, the cable being positioned near the wall of a

typical composite aircraft tank:

Impedance Cable Length
Zsource Zload im 3m 5m 10m 20m
Short circuit = Cable 63mJ 188mJ 314mJ 628mJ 1.25J
cable impedance impedance
Short circuit = 1000 29510 2.6mJ 7.32mJ  30mJ 113mJ
cable impedance
10Q Matched 7411d 6.67mJ 18.5mJ 75mJd 296mJ
100 100Q 245ud 2.2mJ omJ 24mJ 98mJ
100Q 1000 74uJ 667uJ 1.85mJ 7.4mJ 29mJ
1xQ 100Q 2.45uJ 22ud 61lud 245ud 980T
10kQ . 1000 29nd 0.26ud 0.7ud 2.9uJ 11.6uJ

Table - Maximum Energy Discharges In Respect Of Cable Near Tank Wall

Thus, in respect of a fuel tank including a 10m cable, and
assuming a load impgdance of 100Q, if it is desired that the
maximum possible discharge energy should be below 3uJ, then the
impedance between the ground circuits will need to be about 10 kQ

(equating to an energy of 2.9uJ - see Table above) or greater.

The fuel tank is advantageously so arranged that static

electricity in the fuel tank is prevented from building up to a

level where an unsafe electrical discharge might occur. Any
event caused by flow of electricity that has the capacity to
ignite fuel in the tank may be considered as an unsafe electrical
discharge and, as such, high energy electrical arcs and sparks

are both examples of unsafe electrical discharges.
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The fuel tank is advantageously so arranged that electricity
induced by environmental conditions is limited so as to prevent
an unsafe electrical discharge. FAA regulations, such as set out
in Special Federal Aviation Regulation (SFAR) No. 88, require
that the fuel tank be designed such that sparks or arcs with an
energy greater than 200uJ are prevented from occurring in the
fuel tank. Thus, the discharge path is conveniently arranged to
allow the discharge of electricity, whilst not creating any non-

negligible risk of a spark or arc having an energy greater than

2000J occurring. Provided that the discharge path meets this
requirement it can be considered as @roviding for the safe
discharge of electricity. Thus, the term "unsafe electrical

discharge" may exclude discharges having energies less than

200ud.

There may be at leaét two separate and distinct discharge
paths for the safe discharge of electricity from the fuel tank.
Thus, if one of the discharge paths should fail then at least one
other discharge path will still provide for the safe discharge of
electricity from the tank. There may also be a conductive strap
connected between the fuel tank and a part of the aircraft
securely electrically connected to the aircraft ground circuit.
Preferably, said at least two discharge paths have separate bond
points to a part of the aircraft that is securely and reliably in
conductive communication with the aircraft electrical ground.
There may be a multiplicity of separate discharge paths, for
example being defined by means of separate paths through bulk
material. (It will be understood that such bulk material would
not be in the form of wires or straps).

The or each fuel measurement sensor is preferably in the
form of a probe from which an electronic signal dependent on a

measurable characteristic of fuel in the tank can be derived.
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The measurable characteristic may for example be the level of
fuel in the tank, the density of fuel in the tank, the
temperature of fuel in the tank or any other characteristic that
it might be useful to measure. Thus the fuel measurement sensor
may be in the form of a capacitance probe. The use of such
capacitance probes is well known in the art of aircraft fuel
measurement systems. The fuel measurement sensor may be in the
form of a temperature sensor. The fuel measurement sensor may be
in the form of a densitometer. The conductive parts of the fuel
measurement sensor may be electrically isolated from the main
structural walls that define the fuel tank. At least some of the
electrically conducting parts of the fuel measﬁrement sensor are
electrically insulated from direct contact with fuel in the fuel
tank. The fuel measurement sensor may include wiring leading
from the main body of the sensor out of the tank. Insulating or
otherwise isolating the fuel measurement sensor may reduce the
risk of unsafe electrical discharges resulting from lightning,
but may also increase the likelihood of static electricity build-
up in the tank.

The electric signal carrying conductor may conveniently be
elongate in shape. The electric signal carrying conductor may
for example be in the form of one or more wires. The in-tank
wiring leading from the fuel measurement sensor may be longer
than 2 metres. The wiring may be longer than 3 metres. In large
aircraft, having relatively long fuel tanks, the wiring may be
longer than 4 metres or may be 5 metres or longer. Wiring may
typically be any length from Im to 20m. The electric signal
carrying conductor may have a length in accordance with any of
the afore-mentioned length criteria whether or not it is in the
form of wiring. There may also be other wires within the tank.
All conductive wires and the like within the fuel tank may

collectively be referred to as the in-tank wiring.
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The present invention haé particular application when the
fuel tank is mostly non-metallic. For example, greater than 50%
by volume of the tank may be non-metallic. The fuel tank may for
example be in the form of a tank made mostly from composite fibre
material, for example carbon fibre based composite material. The
fuel tank structure may therefore have relatively high impedance
compared to a metallic fuel tank. As such, the fuel tank may be
more susceptible, if suitable measures (such as implementing the
present invention) are not taken, to unsafe electrical discharges
caused by lightning. The fuel tank, whilst being mostly non-
metallic, may be provided with a Faraday cage structure, which
may for example be in the form of a metallic mesh embedded within
the composite fibre structure that defines the fuel tank.

Preferably, the control circuit is so arranged that it is
supplied by electrical power that may be considered as being
effectively electrically isolated. For example, light may be
converted into electrical power in a region local to the fuel
tank. Preferably the control circuit is so arranged that an
output of the control circuit may be considered as being
effectively electrically isclated. For example, the control
circuit may have an optical output. For example, electrical
outputs may be converted into light signals in a region local to
the fuel tank. Thus, electric signals and the associated cables
may be located only in a region local to the fuel tank. It is
preferable in particular that optical fibre cables carry signals
from the control circuit. Such optical cables may link the
control circuit to a central fuel quantity measurement system of
the aircraft.

Advantageously, the control circuit is local to the fuel
tank. The control circuit may be housed in an enclosure, the
enclosure being attached to the aircraft structure. The

enclosure may be in the form of a dedicated housing, for example
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a box. The control circuit enclosure may be made from conductive
material, for example metal. Preferably, the control circuit
enclosure is connected to a wall of the fuel tank. 1In the case
of a carbon fibre tank, the control circuit enclosure may be
connected to a lightning deflection conductor on the tank.
Advantageously, the control circuit enclosure is grounded,
preferably to the aircraft ground. The circuit enclosure 1is
preferably attached directly to the fuel tank wall, there being
conductive contact therebetween. Preferably, there is a
conductive strap from the fuel tank to the control circuit
enclosure. The or each discharge path may be arranged to conduct
electricity via the circuit enclosure to the aircraft ground.

The fuel tank may be arranged such that the maximum energy
able to be produced in an electrical discharge in the tank is
less than 200uJ. For example, the impedance between ﬁhe two
ground circuits is advantageously high enough to ensure that the
maximum energy able to be produced in an electrical discharge in
the tank is less than 200uJ. It is desirable for the maximum
energy able to be produced in an electrical discharge to be lower
if achievable. It is preferable that the fuel tank is arranged
such that the maximum energy able to be produced in a discharge
is less than 50uJ. For example, the impedance between the two
ground circuits is advantageously high enough to ensure that the

maximum energy able to be produced in an electrical discharge in

the tank is less than 50uJ. More preferably the fuel tank is
arranged such that the maximum energy able to be produced in a
discharge is less than 20uJ.

The fuel tank may be arranged such that under fault
conditions the maximum current possible in the tank is less than
30mA. Preferably the fuel tank is arranged such that the maximum

current used in the tank is less than 10mA. Even more preferably
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the fuel tank is arranged such that the maximum current used in
the fuel tank is about 1ImA or less. The fuel tank may also be
arranged such that there is also a limit on currents introduced
into the tank by means other than those necessary for the
alrcraft to operate. For example, currents may be induced during
lightning strikes and it is preferred that the fuel tank design
limits the amounts of those induced currents.

The control circuit may be in the form of, or comprise, a
fuel level measuring circuit. The measuring circuit preferably
includes a signal generator and a signal receiver, for sending
signals between the measuring circuit and the fuel measurement
sensor. The signal generator and signal receiver may be located
local to the fuel tank for example in an enclosure, for example a
metal box.

According to the invention there is also provided a fuel
tank for an aircraft, inside the tank there being provided a fuel
measurement sensor, the fuel measurement sensor being connected
to an electric signal carrying conductor to facilitate connection
to a control circuit, wherein the fuel measurement sensor and
conductor are grounded to a common line and the common line
includes a high impedance discharge path for connection to the
common ground circuit of an aircraft, the discharge path thus
facilitating the safe discharge of electricity from within the
fuel tank. The fuel tank, when installed in an aircraft, is
preferably so arranged that during use there is no short-circuit
between the common line, which line may be considered as forming
a separate ground circuit, and the aircraft ground circuit. The
fuel tank may be provided with a control circuit, which is
connected to the fuel measurement sensor via the electric signal
carrying conductor.

The invention also provides a kit of parts for converting an

existing aircraft into an aircraft according to any aspect of the
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present invention. Preferably, the kit comprises a component for
forming the high impedance discharge path. The component may be
in the form of, or comprise, a conductive foam. The kit may also
comprise a control circuit including the features as required by
any aspect of the invention described herein. The kit may also

comprise an electric signal carrying conductor or a fuel

_ measurement sensor, for example including the features as

required by any aspect of the invention described herein. The
control circuit is advantageously housed in an enclosure, for
example a box, for mounting next to, or more preferably in
contact with, a fuel tank of an aircraft. The control circuit
preferably includes at least a part of the discharge path, for
example a part having a relatively high impedance.

It will of course be appreciated that features described in
relation to one aspect of the invention may, where appropriate,
be incorporated into another aspect of the invention. For
example, features described in relation to the fuel tank of the
aircraft of the invention may be incorporated into the aircraft
fuel tank of the invention.

Embodiments of the present invention will now be described
by way of example with reference to the accompanying schematic
drawings of which:

Figure 1 shows a fuel probe, a fuel tank and a control
circuit, according to a first embodiment of the
invention, and ,

Figure 2 shows a part of the fuel probe and fuel tank of
Figure 1 together with a more detailed illustration
of the control circuit.

Figure 1 shows a carbon fibre reinforced composite material
fuel tank 1 formed in an aircraft wing of a first embodiment of
the present invention. The tank, being defined by the shape of

the wing-box in a region covering several ribs in the wing, has a
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complex geometry, but is about 5 metres in length in the spanwise
direction. The composite material defining the space in which
fuel may be held in the fuel tank includes a fine metallic mesh
la embedded therein which thus provides a metallic cage around
the fuel, which forms a Faraday cage structure offering some
protection against the induction of currents in the fuel tank
from environmental conditions such as lightning.

Inside the tank 1 there are provided many fuel probes 3
(only one of which is shown in Figure 1) and a control circuit
comprising a circuit 22 for measuring the level of fuel present
in the tank 1. The fuel probes are each positioned at different
locations within the tank 1. The fuel probes comprise fuel level
probes, thermometers and densitometers, as is standard practice
in certain aircraft fuel tanks. The illustrated fuel probe is in
the form of an insulated capacitance probe 3 comprising two
concentric conductive tubes. The capacitance probes 3 are
connected to the same fuel measuring circuit 22 which is housed
in a metal circuit box 10 attached to, but positioned
predominantly outside the fuel tank 1. (The fuel measuring
circuit 22 may therefore be considered as a tank wall processor.)
Each capacitance probe 3 is connected to the circuit 22 wvia two
isolated wires 4 which are effectively substantially electrically
insulated from the surrounding fuel except at the probe terminals -
(the probe terminals typically being in the fuel). Insulation
from the fuel is not necessary to ensure correct operation or
safety as the fuel is a poor conductor, but rather to reduce the
potential for unsafe electrical discharge resulting from induced
currents. (Although both wires 4 are shown as shielded, it will
be appreciated that one of the wires could be shielded, with the
other wire not being shielded.)

The fuel measuring circuit 22 also includes a signal

generator 6, a signal receiver 7 and two resistors 8 and 9. The
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fuel measuring circuit 22 is powered by a safe isolated
electrical source including an a.c. transformer (not shown),
which outputs approximately 1W electrical power. During
operation, an a.c. wave signal having a peak current of about 1mA
is generated in the signal generator 6 and sent through a first
resistor 9 down through the in-tank wiring 4 to each respective
capacitance probe 3. All of the probes 3 in the tank are excited
in this manner by a common signal source. The signal receiver
includes a circuit to compare the returned signal with the
reference signal the ratio of which is proportional to the change
in probe capacitance and therefore proportional to the level of
fuel in the tank.

The signals from the respective capacitance probes are
multiplexed to allow separation of the returned signals. These
electrical signals in the signal receiver are converted into
multiplexed optical output signals that are transmitted via fibre
optic cable (not shown) to a central fuel quantity measurement
system (not shown).

The central fuel quantity measurement system receives
multiplexed signals from the signal measuring circuit associated
with each respective fuel tank of the aircraft. 1In respect of
each tank, the fuel quantity measurement system processes the
received signals to ascertain the individual fuel levels measured
by the probes and then calculates the amount of fuel in the tank.

The fuel probe 3, its associated in-tank wiring 4 and the
fuel measuring circuitry 22 are considered as being effectively
isolated from the fuel tank structure (its walls 2) and the
circuit box 10. As can be seen in Figure 1, there is a
conductive strap 5 from the fuel tank wall 2 to the metal circuit
box 10 and the metal circuit box is also connected to the tank
walls 2 at the point where there is an aperture 12 in the walls

to allow the in-tank circuitry 4 to connect to the capacitance



10

15

20

25

30

WO 2006/013346 PCT/GB2005/003018

._14._
probe 3. The metal circuit box 10 is connected directly to the
aircraft ground circuit. Thus, the tank walls 2 are also
connected directly to the aircraft ground circuit. The
insulation on the in-tank wiring 4 and the fuel measuring circuit
is grounded to a separate common ground 18 (hereinafter referred
to as the tank circuit ground 18) distinct from the aircraft
ground 109.

The wires 4 from the probes 3 in the tank 1 to the circuit
box 10 range in length (up to a typical maximum of 5 metres, but
perhaps as long as 20m in some cases) depending on the position
of the probe concerned and tank configuration. As the length of
the in-tank wiring increases so does the maximum energy of likely
electrical discharges arising from lightning strikes. At such
lengths, it is important that there is no low impedance path
between the in-tank wiring and the aircraft ground, as any such
low impedance path would increase the risk of unsafe electrical
discharges occurring in the tank.

By increasing the impedance between the in-tank wiring and
the aircraft ground the maximum energy likely to be discharged in
a hazardous manner in the tank resulting from currents induced by
lightning may be reduced. However, if the in-tank wiring is
completely isoclated from the aircraft ground there would be a
significant increase in the risk of static electricity building
up to a level at which an unsafe electrical discharge of static
electricity is possible.

To provide adequate protection against unsafe electrical
discharges arising in the fuel tank as a result either of static
build-up or as a result of electrical transients resulting from
lightning passive protection means, comprising a conductive foam,
is provided, as is explained in further detail below.

Figure 2 shows schematically a section of the fuel tank 1

shown in Figure 1 with the fuel measuring circuit 22 attached to



10

15

20

25

30

WO 2006/013346 PCT/GB2005/003018

.._15_.

the fuel tank 1. The circuit 22 has its own ground circuit,
represented schematically in Figure 2 by ground symbol 18 in
Figure 2. The metal circuit box 10 in which the fuel measuring
circuit 22 is housed is connected to the aircraft ground 19 by
means of being connected directly to a part of the aircraft
structure that is securely in electrical communication with
alrcraft ground. There is a high impedance conductive path
between the separate tank circuit ground 18 and the aircraft
ground 19, the high impedance discharge path being provided by
means of a conductive foam 26, which provides a reliable and
secure high impedance path between the circuit ground 18 and the
aircraft ground 19. Thus, the conductive foam 26 contacts both
the isolated ground 18 of the in-tank circuitry and also the
interior surface 10a of the circuit box 10 over a relatively
large surface area thus providing many spaced apart regioﬁs of
conductive contact. The foam 26 is also sufficiently flexible to
flex in the event of relative movement between the in-tank
circuitry 22 and the circuit box 10 (for example, as a result of
thermal expansion, vibration or the like).

The conductive foam 26 is made from a foam which can
withstand the typical temperature variations on a wing (-55°C to

+125°C) and is impregnated with a substance to provide a volume
resistivity of 100kQOm and a surface resistivity of 50Q/m?. The

impedance between the in-tank circuitry ground 18 and the

alrcraft ground 19 is about 10kQ. Thus the conductive foam 26
provides a multiplicity of highly reliable and secure discharge
paths between the in-tank circuitry ground 18 and the aircraft
ground 19, which facilitate the discharge of static electricity,
whilst not significantly increasing the risk of dangerous
electrical transient currents being induced within the tank as a

result of lightning or other electrical environmental activity.
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It will be appreciated that various modifications may be
made to the above described embodiments without departing from
the spirit of the invention. For example, the fuel tank could be

metallic, as opposed to being formed of composite material.
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Claims

1. An aircraft comprising a fuel tank inside which there is
provided at least one fuel measurement sensor, the fuel
measurement sensor being connected to a control circuit via an
electric signal carrying conductor, wherein the aircraft has a
common grouhd circuit, the fuel measurement sensor and conductor
are grounded to a separate ground circuit, the two ground
circuits are connected by means of a high impedance discharge
path, which facilitates the safe discharge of electricity from
within the fuel tank, and the aircraft is so arranged that during

flight there is no short-circuit between the two ground circuits.

2. An aircraft as claimed in claim 1, wherein the impedance
between the two ground circuits is high enough to ensure that the

maximum energy able to be produced in an electrical discharge in

the tank is less than 200pdJ.

3. An aircraft as claimed in claim 1, wherein the impedance
between the two ground circuits is high enough to ensure that the

maximum energy able to be produced in an electrical discharge in

the tank is less than 50uJ.

4. An aircraft as claimed in any preceding claim, wherein the

impedance between the two ground circuits is greater than 5 kQ.

5. An aircraft as claimed in any preceding claim, wherein the

two ground circuits are electrically connected by means of a
material having a volume resistivity of between 10kQOm and 10

MQm.
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6. An ailrcraft as claimed in any preceding claim, wherein the
two ground circuits are electrically connected by means of a

conductive foam material.

7. An aircraft as claimed in any preceding claim, wherein the
electric signal carrying conductor is elongate and has a length

of greater than 3 metres.

8. An aircraft as claimed in any preceding claim, wherein the
control circuit is housed in a circuit enclosure made from

conductive material, the enclosure being local to a wall of the
fuel tank and being grounded by being electrically connected to

the aircraft ground.

9. An aircraft as claimed in any preceding claim, wherein the

fuel tank structure is more than 50% by volume non-metallic.

10. An aircraft as claimed in any preceding claim, wherein the
fuel tank is arranged such that under fault conditions the

maximum current possible in the tank is less than 30mA.

11. An aircraft as claimed in any preceding claim, wherein the
fuel tank is arranged such that the maximum current used in the

tank is less than 10mA.

12. A fuel tank for an aircraft, inside the tank there being
provided a fuel measurement sensor, the fuel measurement sensor
being connected to an electric signal carrying conductor to
facilitate connection to a control circuit, wherein the fuel
measurement sensor and conductor are grounded to a common line

and the common line includes a high impedance discharge path for



WO 2006/013346 PCT/GB2005/003018

_19._
connection to the common ground circuit of an aircraft, the
discharge path thus facilitating the safe discharge of

electricity from within the fuel tank.

13. A kit of parts for converting an existing aircraft having a
fuel tank into an aircraft according to any of claims 1 to 11,
the kit including a component for forming the high impedance

discharge path.
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