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(54) FUSE SYSTEM

(67)  According to a first aspect of the present inven-
tion, there is provided a fuse system (22) for a munitions
projectile, the system comprising: a first electro-optic
transmitter (24); a first electro-optic receiver (30); the first
electro-optic transmitter (24) being arranged to receive
electrical power, and to use thatreceived electrical power

to transmit an optical signal (28) to the first electro-optic
receiver (30); the first electro-optic receiver (30) being
arranged to receive the optical signal (28), and to use
thatreceived optical signal (28) to transmit electrical pow-
er to an element (34) of the fuse system (22) connected
to the first electro-optic receiver (30).
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Description

[0001] The presentinventionrelates generallytoafuse
system, and more particularly to a fuse system for use
in a munitions projectile.

[0002] Certain fuse (sometimes referred to as "fuze")
systems for munitions projectiles, for example those re-
quiring or implementing some form of course-correction
or data-based activation, require setting data to be stored
on an electronic memory within the fuse system so that
the data can be recovered and used once the munitions
projectile has been fired.

[0003] Typically, though, and for reasons of safety,
electrical power is not normally available within the fuse
system prior to firing of the munitions projectile and so
power must be supplied from an external source in order
to appropriately power the memory during setting. The
supply of power is commonly achieved via inductive
transfer of energy from outside of the fuse system and
outside of the munitions projectile, to the fuse system
within the munitions projectile. Alternatively, hard-wired
connections might be used for the transfer of power, for
example in the form of plug and socket like arrangements,
or contact pins, and so on. However, a hard-wired ap-
proach is generally considered to be less desirable and
more impractical than the inductive transfer of power.
[0004] For reasons of safety, it is highly desirable that
the one or more electrical power supplies driving the set-
ting of the memory device or powering one or more com-
ponents of the fuse system itself are electrically isolated
from one another. Such electrical isolation is implement-
ed to reduce the risk that electrical power provided to set
the memory of the fuse system could inadvertently be
fed to an initiating device of the fuse system, which could
inadvertently active the fuse itself. For instance, this in-
advertent initiation of the fuse could occur under a fault
condition, and limiting or avoiding this risk limits or avoid
the risk of premature initiation of the munitions projectile.
[0005] Currently, such electrical isolation is provided
by one or more semiconductor diodes or similar, to pre-
vent power being transferred from setting circuitry or the
like to the rest of the electronics within the fuse system,
for example the initiating device or related components.
However, it is feasible under some conditions that these
diodes could pass some electrical current, and therefore
present a hazardous condition. Such conditions might
include or related to manufacturing defects, elevated
temperatures (e.g. intrinsic conduction), excessive volt-
ages on the settings side (e.g. leading to reverse voltage
breakdown), and so on.

[0006] Itis in an aim of example embodiments of the
present invention to at least partially reduce or avoid one
or more disadvantages of the prior art, discussed above
or elsewhere, or to at least provide a viable alternative
to existing fuse systems.

[0007] According to a first aspect of the presentinven-
tion, there is provided a fuse system for a munitions pro-
jectile, the system comprising: a first electro-optic trans-
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mitter; a first electro-optic receiver; the first electro-optic
transmitter being arranged to receive electrical power,
and to use that received electrical power to transmit an
optical signal to the first electro-optic receiver; the first
electro-optic receiver being arranged to receive the op-
tical signal, and to use that received optical signal to
transmit electrical power to an element of the fuse system
connected to the first electro-optic receiver.

[0008] The first electro-optic receiver may comprise a
photovoltaic element, and/or the first electro-optic receiv-
er may optionally be capable of acting as a low imped-
ance current source.

[0009] The first electro-optic transmitter may be ar-
ranged to receive power from a power source external
to the fuse system.

[0010] The element may only able to receive power
derived from the power source external to the fuse sys-
tem via the optical signal sent via the first electro-optic
transmitter and first electro-optic receiver.

[0011] The element may be a memory element of the
fuse system, for use in setting of afuse of the fuse system.
[0012] The fuse system might further comprise a sec-
ond electro-optic transmitter. The second electro-optic
transmitter may be arranged to receive electrical power,
and to use that received electrical power to transmit an
optical signal to the first electro-optic receiver. The first
electro-optic receiver may be arranged to receive the op-
tical signal, and to use that received optical signal to
transmit electrical power to the element of the fuse sys-
tem connected to the first electro-optic receiver.

[0013] The second electro-optic transmitter may be ar-
ranged to receive power from a power source of the fuse
system.

[0014] The element may only able to receive power
derived from the power source of the fuse system via the
signal sent via the second electro-optic transmitter and
first electro-optic receiver.

[0015] The power source of the fuse system may be
in direct electrical connection with a fuse activator and/or
fuse of the fuse system, such that the fuse activator
and/or fuse is able to be electrically powered without use
of an electro-optic transmitter and/or receiver.

[0016] The element may be a memory element of the
fuse system, for use in setting of afuse of the fuse system.
The fuse system might further comprise a data line con-
necting the memory to the fuse activator and/or fuse of
the fuse system. The data line might optionally comprise
an opto-coupler.

[0017] The first electro-optic transmitter and the first
and/or second electro-optic receivers are substantially
optimised for power transfer, optionally as opposed to
only data transfer.

[0018] The fuse system mightfurther comprises a pow-
er source, and the fuse system may be arranged such
that the power source can only be used during or after a
firing of a munitions projectile comprising that fuse sys-
tem.

[0019] According to a second aspect of the present
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invention, there is provided a munitions projectile com-
prising the fuse system of the first aspect of the invention.
[0020] Accordingto a third aspect of the presentinven-
tion, there is provided a method of controlling an element
of a fuse system for a munitions projectile, the method
comprising: receiving electrical power; using that re-
ceived electrical power to transmit an optical signal; re-
ceiving the optical signal; and using that received optical
signal to transmit electrical power to an element of the
fuse system.

[0021] According to a fourth aspect of the present in-
vention, there is provided a transformer comprising: one
or more first electro-optic transmitters; one or more first
electro-optic receivers; the one or more first electro-optic
transmitters being arranged to receive electrical power,
and to use that received electrical power to transmit one
or more optical signals to the one or more first electro-
optic receivers; the one or more first electro-optic receiv-
ers being arranged to receive the one or more optical
signals, and to use those received one or more optical
signals to transmit electrical power to an element con-
nected to the one or more first electro-optic receivers;
the first electro-optic transmitter and the first electro-optic
receiver are substantially optimised for power transfer,
optionally as opposed to only data transfer.

[0022] According to a fifth aspect of the presentinven-
tion, there is provided a munitions projectile comprising
the transformer of the fourth aspect of the invention.
[0023] According to a sixth aspect of the present in-
vention, there is provided a method of powering an ele-
ment, the method comprising: receiving electrical power;
using that received electrical power to transmit an optical
signal; receiving the optical signal; and using that re-
ceived optical signal to transmit electrical power to the
element, the transmitting and receiving being substan-
tially optimised for power transfer, optionally as opposed
to only data transfer.

[0024] Itwillbe generally understood by the skilled per-
son that one or more features described in relation to any
one particular aspect of the present invention may be
used in place of or in combination with a feature of an-
other, different aspect of the present invention, unless
this would be considered mutually exclusive by the skilled
person from a reading of this disclosure. For instance,
the features described in relation to the fuse system could
be used in place of or in combination with features of the
transformer, or the other way round. Of course, any fea-
tures described in relation to the system or transformer
can be used in an associated munitions projectile includ-
ing such a system or transformer, or a related method.
[0025] For a better understanding of the invention, and
to show how embodiments of the same may be carried
into effect, reference will now be made, by way of exam-
ple, to the accompanying diagrammatic Figures in which:

Figure 1 schematically depicts setting of a fuse of a
munitions projectile prior to firing of the munitions
projectile from a vehicle;
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Figure 2 schematically depicts an existing fuse sys-
tem of a munitions projectile;

Figure 3 schematically depicts a fuse system accord-
ing to an example embodiment;

Figure 4 schematically depicts a fuse system accord-
ing to another example embodiment;

Figure 5 schematically depicts a fuse system accord-
ing to another example embodiment;

Figures 6 and 7 schematically depict more detail as-
sociated with the sorts of fuse systems shown in Fig-
ures 3 to 5; and

Figure 8 schematically depicts general methodology
associated with an example embodiment.

[0026] Figure 1 schematically depicts a military vehicle
2 capable of firing a munitions projectile 4. The munitions
projectile 4 is provided with a fuse system 6. The vehicle
2 may comprise a setter or similar 8 for use in transmitting
9 fuse setting data and/or electrical power to the fuse
system 6 of the munitions projectile 4. The data might
comprise programming or tasking information or similar,
and for example might include ranging information,
course setting or correction information, and so on.
[0027] Figure 2 schematically depicts a simplified ver-
sion of afuse system which might typically be found within
an existing munitions projectile. The munitions projectile
4 is shown as receiving power 10 in a wired or wireless
manner. A power reception element 12 is shown as being
connected in a hard-wired manner 14 to other compo-
nents of the fuse system generally depicted by box 16.
The distribution of power received by reception element
12 to other components of the fuse system 16 might be
appropriately controlled or otherwise filtered or restricted,
as described above, by diodes or similar. For instance,
these diodes might be in place to prevent power received
at the reception element 12 from being passed to a fuse
initiator or the fuse itself, or at least being passed at cer-
tain times. For instance, the diodes might be used to pre-
vent supply of power to a fuse initiator or fuse when the
munitions projectile 4 is receiving power from external 2
to the munitions projectile 4, and/or when the munitions
projectile 4 is located within or proximal to an object or
vehicle from which the projectile 4 has been, or is to be
fired. The aim of this is to prevent unintentional, danger-
ous activation of the fuse.

[0028] As described above, however, diodes may, un-
der certain conditions, still pass some electrical current
and so present a potential flaw in the system. For in-
stance, manufacturing defects, elevated temperatures,
excessive voltages on the setting side, or other circum-
stances, could cause current to pass through the other-
wise blocking diode, which could result in initiation of the
fuse and detonation or burst of the munitions projectile
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in an unintentional manner.

[0029] It has been realised that the above problems
can be reduced, or avoided, by the use of optical power
supply isolation. That is, as opposed to filtering or block-
ing or otherwise controlling the power distribution
throughout the fuse system using diodes or similar, at
least in some circumstances the use of optical power
supply isolation, for example using one or more opto-
couplers, may be significantly advantageous. This optical
approach is particularly advantageous, and finds synergy
with, the field of fuse systems for munitions projectiles.
This is because unintentional power supply to compo-
nents might not simply be inconvenient, inefficient, or
damaging to one or more components of a system, but
could result in activation of the fuse and therefore poten-
tial loss of life to personnel in the vicinity of the related
munitions projectile.

[0030] It has also been realised that while the use of
opto-couplers (or similar) might be particularly advanta-
geous infuse systems, the same opto-couplers or related
arrangements could be used to transfer power in an op-
tical manner in a more general sense, for example form-
ing an optical-based transformer. Many of the principles
associated with the fuse system will be common with or
overlap with features of the related transformer aspect,
as will be apparent from the discussions below.

[0031] Figures 3 and 4 schematically depict use of op-
to-couplers within the fuse system of a munitions projec-
tile in various simplified forms, to provide broad examples
of the broad advantages associated with the use of such
opto-couplers.

[0032] Figure 3 schematically depicts a munitions pro-
jectile 20 according to an example embodiment. The mu-
nitions projectile 20 comprise a fuse system 22. The fuse
system comprises a first electro-optic transmitter 24. The
first electro-optic transmitter 24 is arranged to receive
electrical power, for example from external 26 to the mu-
nitions projectile 20, via hard wiring or induction, and to
use that received electrical power 26 to transmit 28 an
optical signal to a first electro-optic receiver 30. The first
electro-optic receiver 30 is arranged to receive the optical
signal 28, and to use that received optical signal 28 to
transmit electrical power 32 to an (e.g. another) element
of the fuse system 34 connected to the first electro-optic
receiver 30.

[0033] The element 34 may be any appropriate ele-
ment of the fuse system 22, but will typically be an ele-
ment of the fuse system that needs to be accessed or
otherwise controlled by more than one other part of the
fuse system or related or associated components con-
nected to those parts, and associated different power
supplies (e.g. an on-board memory, discussed below).
This is so that different power flows or supplies to that
element is or are isolated to prevent power inadvertently
being directed along one or more unintentional routes.
This will become clearer as the invention is described in
more detail below.

[0034] Itis important to note that not all opto-couplers
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(electro-optical transmitters, receivers) are necessarily
ideal or preferred for use in the described embodiments.
For example, opto-couplers having photo-transistor
based receiving elements typically require a power
source on the receiving side, and are more typically as-
sociated with data and not power transfer/isolation.
Therefore, photodiode receivers, which will actually gen-
erate power on the receiving side, are preferred for use
in the described embodiments. Additionally, photodiodes
that operate in the photovoltaic mode as opposed to pho-
to-conductive mode are likely to be of greater benefit,
again since a separate power supply on the receive side
would then not be required. In other words, only photo-
voltaic modes are capable of acting as a current source
(e.g. as in solar panels), whereas other types simply act
to modulate an existing supply current and hence do not
actively transfer or supply any power. That is, the em-
bodiments described herein are typically dealing with the
transfer of power, and related isolation, as opposed to
the transfer of data. Therefore, the receiving side of the
one or more opto-couplers that are used in conjunction
with example embodiments are used for generating pow-
er and, typically, being capable of acting as a low imped-
ance current source (e.g. less than 1MOhm, although in
reality this is course a function of the load that is trying
to be driven so there is arguably no meaningful bound-
ary). Conversely, opto-couplers used in data transfer typ-
ically have the opposite impedance, that is a very high
source impedance, and so cannot supply very much (or
any) current. Essentially, signals tend to be voltage
based and typically feed into a high impedance input (i.e.
virtually no currentis drawn, so virtually no power is trans-
ferred), where the signal voltage and current can then be
amplified if desired using the receiving system’s power
supply. On the other hand, for powering components, as
described herein, you need to supply appropriate levels
of voltage and current directly from the receiver. In other
words, the only supply of power on the receive side of
the system, and capable of powering the element, is the
electro-optic receiver.

[0035] Figure 4 schematically depicts an advance on
the simpler embodiment of Figure 3. Specifically, in ad-
dition to the component show in Figure 3, Figure 4 shows
that the first electro-optic receiver 30 may additionally
receive power via a different route from that shown in
Figure 3. This additional power supply is by reception of
another optical signal 40 from a different component or
set of components 42 of the fuse system 22, which might
include an electro-optic transmitter, as well as an internal
power supply, and/or sensitive fuse activation or initiation
components, including the fuse itself.

[0036] In basic terms, then, Figure 4 shows how the
element 34 can be appropriately powered via the external
26 power supply route, or for example via an internal 42
power supply route, when at the same time ensuring that
the external 26 and internal 42 routes cannot in any way
electrically interfere with one another. This means, for
example, thatit is not possible to transfer power between
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the two power supplies/routes. In other words, the ele-
ment 34 can only receive power externally via an opto-
coupler, or internally via an opto-coupler, thus ensuring
true power isolation within the fuse system of the muni-
tions projectile, overcoming or avoiding the problems de-
scribed above.

[0037] Figure 4 schematically depicted power supply
from different routes, and isolation between these routes,
in a simplified form. Figure 5 schematically depicts in
more detailed a practical implementation of the sort of
system shown in and described with reference to Figure
4.

[0038] Referring to Figure 5, there is shown a muni-
tions projectile 50 according to another example embod-
iment. The munitions projectile 50 comprises a fuse sys-
tem 52, for example for use in detonating or bursting or
otherwise activating in some way the munitions projectile
50.

[0039] A first electro-optic transmitter 54 is arranged
to receive electrical power from external 56 to the muni-
tions projectile 50, for example via the wired, connector,
or induction systems mentioned above. The first electro-
optic transmitter 54 is arranged to receive that electrical
power 56 and to use that power 56 to generate and trans-
mit an optical signal 58 to a first electro-optic receiver 60.
The first electro-optic receiver 60 is, in turn, arranged to
receive the optical signal 58, and to use that received
optical signal 58 to generate and transmit 62 electrical
power to an element 64 of the fuse system 52 connected
to the first electro-optic receiver 60. This approach allows
the external supply of power 56 to be electrically isolated
from the power that is ultimately supplied to the element
64, via the opto-coupling or in other words opto-isolator
(in the form of the first electro-optic transmitter 54 and
receiver 60).

[0040] As well as being provided with power 62, the
element 64 may be provided with and/or transmit data
via a data line 66 to/from external to the munitions pro-
jectile 50. Although this data line 66 does not transmit a
significant amount of power, for example enough to ac-
tually power the element 64, it might still nevertheless be
useful to include an opto-coupler 68 in or along the data
line 66 to, again, electrically isolate the element 64 from
one or more electrical power supplies. The additional or
optional opto-coupler 68 is only shown generically in Fig-
ure 5, but it will be appreciated that this will take the form
of at least one electro-optic transmitter and receiver as
shown in and described with reference to other embod-
iments described herein. The data line 66 is also shown
as being connected to the first electro-optic transmitter
54, but in practice the data line 66 may be connected to
another component, or the box 54 may depict the first
electro-optic transmitter 54 and additional circuitry, for
example data processing or generating circuitry.

[0041] As already discussed above, the element 64
may be a memory element 64 of the fuse system, for
example for use in setting a fuse of the fuse system 52.
So, the supply of power discussed so far in relation to
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Figure 5 may be, for instance, used or employed prior to
firing of the projectile 50, for example for use in setting
or programming the memory 64 for use in subsequent
activation of the fuse of the system, to be described in
more detail below. This approach avoids the use of an
internal power supply of the fuse system prior to firing,
which could be dangerous.

[0042] The memory could be any suitable memory, for
example non-volatile memory types including FLASH
memory, FRAM, MRAM etc. FRAM and MRAM types are
preferred as they offer fast read/write operations com-
bined with low power consumption.

[0043] Another part of the fuse system 52 comprises
an internal power supply or power source 70. For safety
reasons, at least, it is desirable to ensure that the internal
power supply 70 is not used, or usable, prior to firing of
the munitions projectile 50. This can be achieved in a
number of ways, via one or more inertially activated
switches or controllers, or by configuring the power sup-
ply 70 itself such that it does not or cannot provide power
until the projectile 50 has been fired. For example, in
accordance with this latter option, the power supply 70
can be configured such thatitis notin a physical or chem-
ical state that is able to provide electrical power until the
projectile 50 is in a fired and spinning state, which could
physical or chemically alter the power supply 70 such
that this then able to provide or supply electrical power.
Such schemes are known, and so are not discussed in
any further detail.

[0044] The internal power supply 70 is arranged to
transmit electrical power 72 to a second electro-optic
transmitter 74. This second electro-optic transmitter 74
is arranged to receive that power, and to generate and
transmit an optical signal 76 to the first electro-optic re-
ceiver 60. That receiver 60 is then arranged to receive
that transmitted optical signal 76, and to generate elec-
trical power from that received signal 76 for transmission
72 to the element 64, as described above.

[0045] The same internal power supply 70 may be
used to power 78 the fuse or related fuse initiator or ac-
tivator 80 of the system, for ultimate use in detonating or
bursting the projectile 50. This power supply can be hard
wired, and not supplying power via an opto-coupler. The
fuse or fuse activator or initiator 80 can be provided with
and/or access data from the memory 64 via a data line
82. The data line, as described above, comprises an op-
tional opto-coupler or isolator 84. Data might need to be
accessed after firing, for example in order to ensure that
the fuse is activated at a certain time or location.

[0046] It can be seen from Figure 5 that there are two
power supply systems in operation, one for use prior to
firing of the projectile 50, provided externally 56, and one
for use after firing of the projectile 50, which can be pro-
vided by internal power supply 70. Importantly, while both
power supplies can be used to appropriately power the
memory element 64 of the fuse system 52, neither power
supply nor associated wired components can in any way
at all provide electrical power to the other power supply
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route or associated circuitry. Specifically, the external 56
power supply route cannot in any way provide electrical
power to the internal power supply route or related cir-
cuitry 70, and the internal power supply 70 cannot in any
way provide electrical power to the external electrical
power supply route 56 or related circuitry. Perhaps most
importantly, this means that the external power supply
56 cannotin any way be used to provide electrical power,
intentionally or otherwise, to the fuse, or fuse activator
or initiator 80 of the fuse system 52 of the munitions pro-
jectile 50. This means that it is simply not possible to
inadvertently activate or initiate the fuse via the external
power supply route 56, increasing the safety of the mu-
nitions projectile 50. All this is made possible because
the electro-optic receiver 60 only ever receives and gen-
erates power, but cannot optically transmit power, there-
by ensuring isolation of the transmit end of the power
supply routes. Similarly, or conversely, only electro-optic
transmitters 54, 74 cannot receive and generate power
from an optical source, meaning that these part of the
circuit cannot in any way receive electrical power from
another route, again ensuring power supply isolation.
[0047] Figure 6 shows, in more detail form, how power
transfer might be achieved via an electro-optic transmit-
ter and an electro-optic receiver. Using the arrangement
shown in and described with reference to Figure 3 as a
first example, Figure 6 shows that the first electro-optic
transmitter 24 might be an appropriate light emitting di-
ode or laser diode for converting electrical power to light.
The optical signal 28 that is ultimately transmitted by the
first electro-optic transmitter 24 may then be received via
the first electro-optic receiver 30 which may take the form
of a photodiode operating in photovoltaic mode. The
transmitter 24 and receiver 30 will, of course, be in optical
communication with one another but are otherwise iso-
lated. The isolation might be with respect to one another
in terms of electrical coupling or similar, but might also
be isolation with respect to the general external environ-
ment by way of an appropriately configured housing 90.
Housing 90 could be a chamber or similar, or a material
in which the transmitter 24 and receiver 30 are embed-
ded. Such isolation may therefore ensure that the trans-
mitter and receiver are not only electrically isolated from
one anther, but at the same time being immune to exter-
nal optical interference or similar. That is, the housing 90
could be optically opaque to, or at leas partially block,
wavelengths of electromagnetic radiation that the receiv-
er 30 is sensitive to.

[0048] Figure 7 schematically depicts a similar ar-
rangement, and similar operating principals, to those
shown in relation to Figure 6, but now used to represent
the more advanced systems of Figure 4 or 5. All trans-
mitters 24, 54, 42, 74, and receivers 30, 60 may be lo-
cated within the same housing 100, for the reasons al-
ready described above.

[0049] As stressed above, one of the main purposes
of embodiments of the present invention is that useful
poweris transferred from electro-optic transmitter to elec-
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tro-optic receiver. This is opposed to simple data transfer
where power transfer, or efficiency of power transfer, is
not important or possible. So, in accordance with exam-
ple embodiments, the transmitters and/or receivers might
be particularly optimised for power transfer. This might
be used in combination with different configurations of
input (transmit) and output (receive) electro-optic com-
ponents such that the components serve as an optical
transformer.

[0050] The use of multiple series or parallel coupled
transmission and/or receiving elements or devices could
allow voltage levels to be shifted up or downin the manner
of an electrical transformer, but since the power transfer
would be undertaken optically, there would be little or no
electromagnetic interference generated by such an op-
tical transformer, which may be advantageous for the
reasons described above. That is, the reduction or elim-
ination of electromagnetic interference might preventone
or more other components of the fuse system being in-
terfered with or inadvertently initiated. A selection of suit-
able series/parallel array designs could allow the voltage
and current input/output to be matched as required.
[0051] Whilst the overall power transfer efficiency of
example embodiments might still be considered to be
relatively modest compared with direct electrical connec-
tion, there are still a number of advantages associated
with optical power transfer/isolation compared with elec-
trical isolation/transformers. For example, an electrical
device can work directly from a DC power source, where-
as conventional transformers require an alternating cur-
rent. An optical based device does not emit, and it not
affected by, electromagnetic interference, whereas elec-
trical transformers do emit, and can be effected by elec-
tromagnetic interference. In optical embodiments, the
physical separation between transmission and receiving
elements or devices can be increased, providing very
high levels of electrical isolation. At the same time, the
transmitter and receive components or devices can be
located within a single housing, or in or on a single chip
(i.e.together forming or being part of a single unit or pack-
age), keeping the overall system compact. Also, as dis-
cussed above, the optical devices described are inher-
ently one-way, in that no significant (or any) energy trans-
fer pathways are available for reverse operation (e.g. no
back EMF or cross-coupling is possible, as is the case
with conventional electrical transformers with windings).
Additionally, the lack of large numbers of metallic wind-
ings and magnetic core materials mean that optical-
based devices can potentially be both smaller and lighter
than their winding-base counterparts. Also, optical de-
vices may be suitably based on solid-state electronics
and hence can be made physically robust enough to sur-
vive harsh operation environments often found in, for in-
stance, munitions.

[0052] The optimisation of power transfer can be
achieved in a number of different ways, in isolation or
combination. For example, in existing arrangements
where optical-coupling is used simply for data transfer,
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the efficient use or transfer of power is not a concern.
So, in existing devices there might be a situation where
aforward voltage for a transmitting LED is approximately
1.4V. Assuming that, for instance, this was driven by a
12V power source, 10.6V would need to be dropped
across a resistor or similar. So, there is clearly no opti-
misation for power transfer in this example. In contrast,
in accordance with example embodiments, the number,
type or nature of the emitting LEDs can be configured to
better match the power supply. For instance, in the afore-
mentioned example, if you had 8 LEDs in series, you
would be able to create 8 times the optical transmission
power, and only have to drop 0.57V across a resistor or
similar. Therefore, the input side of the arrangement has
been suitably optimised for power transfer, rather than
transfer of signals. In another example, the power supply
could be tuned to the forward voltage of the LEDs.
[0053] Inanotherexample of optimisation, laserdiodes
could be used, having a typically operating forward volt-
age of 2V each. If used instead of LEDs, then an array
of 6 laser diodes in series could be used to maximise the
available power supply voltage of 12V. The electrical-to-
optical conversion efficiency of laser diodes is also higher
than LEDs (approximately 30-70% with later diodes,
compared with 10-30% of LEDs), so further optimisation
is available here, too.

[0054] Many silicon photodiodes are most sensitive
(and hence efficient) ataround 890nm. Therefore, match-
ing the output wavelength of the light emitting diode or
laser diode provides another means of optimisation for
power transfer. For instance, LED outputs tend to cover
a wider spectrum (typically 10mn) whereas laser diodes
have much narrower emission spectra (typically less than
10nm). Use of laser diodes may therefore provide im-
proved energy efficiency, since most of the optical output
can be matched to the most receptive range of the pho-
todiode. Also, laser diodes with output wavelengths of
approximately 890nm are available commercially at
modest costs. Of course, other photodiodes/materials
may operate at different wavelengths.

[0055] If a lower output voltage was required, for ex-
ample 6V, then approximately 10 series connected pho-
todiodes could be used. If a large number of emission
devices were used then a large number of series con-
nected arrays of photodiodes can be connected in par-
allel, in order to increase the optical capture area and
hence increase the output current at the same voltage.
In other words, a photovoltaic array could be used.
[0056] It will be appreciated, then, that power transfer
can be optimised in one of a number of different ways,
for example matching transmission and reception wave-
lengths or sensitivities, by matching or optimising the
number or type of nature of transmitting photodiodes or
other electro-optic transmitters to the available power
supply, and so-on. Generally, it will be understood by one
of ordinary skill in the art that the overall opto-coupler, or
in other words electro-optic transmitter and receiver, may
be optimised for power transfer, as opposed to simply
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signal transfer.

[0057] From the description provided above, it will be
understood that many of the principles described in re-
lation to the fuse system comprising a first electro-optic
transmitter and a first electro-optic receiver (or similar)
may therefore be applied to, or overlap with, the principles
associated with an optical transformer or similar.

[0058] Referringto Figure 8, a simple methodology as-
sociated with example embodiments is shown, specifi-
cally a method controlling an element of a fuse system
for a munitions projectile. The method comprises receiv-
ing electrical power 110. That received electrical power
is then used to transmit an optical signal 112. That trans-
mitted electrical signalis then received 114. Thereceived
optical signal is then used to generate and transmit elec-
trical power to the element of the fused system 116.
[0059] The embodiments might find particular use in
munitions projectiles, where inadvertent power supply to
a particular component could prove fatal. However, the
embodiments will find other uses in applications where
power supply isolation is required.

[0060] Although a few preferred embodiments have
been shown and described, itwill be appreciated by those
skilled in the art that various changes and modifications
might be made without departing from the scope of the
invention, as defined in the appended claims.

[0061] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification in connection with this application and which
are open to public inspection with this specification, and
the contents of all such papers and documents are in-
corporated herein by reference.

[0062] All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, ex-
cept combinations where at least some of such features
and/or steps are mutually exclusive.

[0063] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.

[0064] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or
process so disclosed.

Claims

1. A fuse system for a munitions projectile, the system
comprising:



13 EP 3 361 210 A1 14

a first electro-optic transmitter;

a first electro-optic receiver;

the first electro-optic transmitter being arranged
to receive electrical power, and to use that re-
ceived electrical power to transmit an optical sig-
nal to the first electro-optic receiver;

the first electro-optic receiver being arranged to
receive the optical signal, and to use that re-
ceived optical signal to transmit electrical power
to an element of the fuse system connected to
the first electro-optic receiver.

The fuse system of claim 1, wherein the first electro-
optic receiver comprises a photovoltaic element, and
is optionally capable of acting as a low impedance
current source.

The fuse system of claim 1 or claim 2, wherein the
first electro-optic transmitter is arranged to receive
power from a power source external to the fuse sys-
tem.

The fuse system of any preceding claim, wherein the
element is only able to receive power derived from
the power source external to the fuse system via the
optical signal sent via the first electro-optic transmit-
ter and first electro-optic receiver.

The fuse system of any preceding claim, wherein the
elementis a memory element of the fuse system, for
use in setting of a fuse of the fuse system.

The fuse system of any preceding claim, further com-
prising a second electro-optic transmitter;

the second electro-optic transmitter being arranged
to receive electrical power, and to use that received
electrical power to transmit an optical signal to the
first electro-optic receiver;

the first electro-optic receiver being arranged to re-
ceive the optical signal, and to use that received op-
tical signal to transmit electrical power to the element
of the fuse system connected to the first electro-optic
receiver.

The fuse system of claim 6, wherein the second elec-
tro-optic transmitter is arranged to receive power
from a power source of the fuse system.

The fuse system of claim 7, wherein the element is
only able to receive power derived from the power
source of the fuse system via the signal sent via the
second electro-optic transmitter and first electro-op-
tic receiver.

The fuse system of claim 7 or claim 8, wherein the
power source of the fuse system is in direct electrical
connection with a fuse activator and/or fuse of the
fuse system, such that the fuse activator and/or fuse
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10.

1.

12.

13.

14.

15.

is able to be electrically powered without use of an
electro-optic transmitter and/or receiver.

The fuse system of claim 9, wherein the element is
a memory element of the fuse system, for use in
setting of a fuse of the fuse system, and the fuse
system further comprises a data line connecting the
memory to the fuse activator and/or fuse of the fuse
system, and optionally wherein the data line com-
prises an opto-coupler.

The fuse system of any preceding claim, wherein the
first electro-optic transmitter and the first and/or sec-
ond electro-optic receivers are substantially opti-
mised for power transfer, optionally as opposed to
only data transfer.

The fuse system of any preceding claim, wherein the
fuse system comprises a power source, and wherein
the fuse system is arranged such that the power
source can only be used during or after a firing of a
munitions projectile comprising that fuse system.

A munitions projectile comprising the fuse system of
any preceding claim.

A method of controlling an element of a fuse system
for a munitions projectile, the method comprising:

receiving electrical power;

using that received electrical power to transmit
an optical signal;

receiving the optical signal;

and

using that received optical signal to transmit
electrical power to an element of the fuse sys-
tem.

A transformer comprising:

one or more first electro-optic transmitters;

one or more first electro-optic receivers;

the one or more first electro-optic transmitters
being arranged to receive electrical power, and
to use that received electrical power to transmit
one or more optical signals to the one or more
first electro-optic receivers;

the one or more first electro-optic receivers be-
ing arranged to receive the one or more optical
signals, and to use those received one or more
optical signals to transmit electrical power to an
element connected to the one or more first elec-
tro-optic receivers;

the first electro-optic transmitter and the first
electro-optic receiver are substantially opti-
mised for power transfer, optionally as opposed
to only data transfer.
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