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(54) A SYSTEM FOR A VEHICLE

(57) A system (100) comprising a first autonomous
vehicle (300) configured to carry ammunition subcompo-
nents (400, 402, 403, 404). The first autonomous vehicle
(300) comprises an ammunition subcomponent receiv-
ingsystem(302). Thesystem further comprisesasecond
autonomous vehicle (800) comprising an ammunition

subcomponent loading system (202) configured for load-
ing the first autonomous vehicle (300) with the ammuni-
tion subcomponents (400, 402, 403, 404) by delivering
the ammunition subcomponents (400, 402, 403, 404) to
the ammunition subcomponent receiving system (302).
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Description

FIELD

[0001] The present disclosure relates to a system for
providing ammunition subcomponents to an autono-
mous vehicle.

BACKGROUND

[0002] There is a need for autonomous vehicles which
areoperableasagunsystem. It follows that agunsystem
requires to be supplied with ammunition.
[0003] Hence a system, or part thereof, which provides
ammunition to an autonomous vehicle operable as a gun
system is highly desirable.

SUMMARY

[0004] According to the present disclosure there is
provided an apparatus, systems and methods as set
forth in the appended claims. Other features of the in-
vention will be apparent from the dependent claims, and
the description which follows.
[0005] Accordingly there may be provided a system
(100) comprising: a first autonomous vehicle (300) con-
figured to carry ammunition subcomponents (400, 402,
403, 404). The system (100) may comprise an ammuni-
tion subcomponent receiving system (302). The system
(100) may further comprise an ammunition subcompo-
nent loading apparatus (200). The ammunition subcom-
ponent loading apparatus (200) may comprise an am-
munition subcomponent loading system (202) config-
ured for loading the first autonomous vehicle (300) with
the ammunition subcomponents (400, 402, 403, 404) via
the ammunition subcomponent receiving system (302).
The ammunition subcomponent loading apparatus (200)
may further comprise a housing (204) in which the am-
munition subcomponent loading system (202) is located.
Thehousing (204)maydefineavehicle loadingbay (206)
for receiving the first autonomous vehicle (300).
[0006] The housing (204)may define an opening (208)
having a width (Wh).
[0007] The first autonomous vehicle (300) may com-
prise a chassis (1200).
[0008] A first wheel arm (1402) may extend from a first
side (1206)of the vehicle chassis (1200).Asecondwheel
arm (1402) may extend from a second side (1208) of the
vehicle chassis (1200). A first end of the first wheel arm
(1402)maybe coupled to the chassis (1200) by a chassis
mount (1220). A second end of the first wheel arm (1402)
may be coupled to a first wheel (1404‑1). A first end
(1450) of the second wheel arm (1402) may be coupled
to the chassis (1200) by a chassis mount (1220). A
second end of the second wheel arm (1402) may be
coupled to a second wheel (1404‑2).
[0009] Each wheel (1400‑1, 1400‑2) may have an in-
wardly facing surface (1470) and an outwardly facing

surface (1472). The overall width (Wv) of the vehicle
may be defined by the distance between the respective
outwardly facing surfaces (1472). The chassis mounts
(1220) and wheel arm to wheel couplings may be con-
figured such that in a first configuration the overall width
(Wv1) of the first autonomous vehicle (300) has a first
value which is greater than the width (Wh) of the housing
opening (208), and in a second configuration the overall
width (Wv1) of the first autonomous vehicle (300) has a
second value, which is less than the first value and less
than the width (Wh) of the housing opening (208).
[0010] Thehousing (204)maybean iso-container. The
housing (204) may be a rectangular prism.
[0011] The ammunition subcomponent loading appa-
ratus (200) may be configured as a transport vehicle
and/or vessel for the first autonomous vehicle (300).
[0012] The ammunition subcomponent loading appa-
ratus (200) may comprise an electrical charge apparatus
for recharging a battery provided on the first autonomous
vehicle (300).
[0013] The ammunition subcomponents (400, 402,
403) may comprise a charge unit (402) and/or a stub
case charge unit (403).
[0014] Theammunitionsubcomponent loadingsystem
(202) may comprise a charge unit loading system (500)
and/or a stub case charge unit loading system (530).
[0015] The ammunition subcomponent receiving sys-
tem (302) of the first autonomous vehicle (300) may
comprise a charge unit receiving system (600) and/or
a stub case charge unit receiving system (630).
[0016] The charge unit loading system (500) may be
configured to couple to and deliver the charge unit (402)
to the charge unit receiving system (600) of the first
autonomous vehicle (300).
[0017] The stub case charge unit loading system (530)
may be configured to couple to and deliver the stub case
charge unit (403) to the stub case charge unit receiving
system (630) of the first autonomous vehicle (300).
[0018] The ammunition subcomponent receiving sys-
tem (302) of the first autonomous vehicle (300) may
further comprise a charge unit storage system (650)
operable to receive the charge unit (402) from the charge
unit receiving system (600) of the first autonomous ve-
hicle (300) so the charge unit (402) can be carried by the
first autonomous vehicle (300).
[0019] The ammunition subcomponent receiving sys-
tem (302) of the first autonomous vehicle (300) may
further comprise a stub case charge unit storage system
(652) operable to receive the stub case charge unit (403)
from the stub case charge unit receiving system (630) of
the first autonomous vehicle (300) so the stub case
charge unit (403) can be carried by the first autonomous
vehicle (300).
[0020] The ammunition subcomponents (400, 404)
may comprise a projectile unit (404). The ammunition
subcomponent loading system (202) may comprise a
projectile unit loading system (550, 1550).
[0021] The ammunition subcomponent receiving sys-
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tem (302) of the first autonomous vehicle (300) may
comprise a projectile unit receiving system (700).
[0022] The projectile unit loading system (550, 1550)
may be configured to couple to and deliver a projectile
unit (404) to the first autonomous vehicle (300) projectile
unit receiving system (700).
[0023] The first autonomous vehicle (300) may further
comprise a projectile unit storage system (750) operable
to receiveaprojectile unit (404) from thefirst autonomous
vehicle (300) projectile unit receiving system (700).
[0024] The charge unit loading system (500)may com-
prise a charge unit storage section (502) which com-
prises a charge unit guide track (504) that defines a
charge unit guide path (506) and is configured to retain
a charge unit (402).
[0025] The charge unit loading system (500)may com-
prise a charge unit conveyor system (508) for moving the
charge unit (402) along the charge unit guide track (504)
to a charge unit delivery section (510). The charge unit
delivery section (510) may be configured to receive the
charge unit (402) from the charge unit conveyor system
(508) for delivery to the charge unit receiving system
(600) of the first autonomous vehicle (300).
[0026] The charge unit loading system (500) may
further comprise a stub case charge unit storage section
(532) which comprises a stub case charge unit guide
track (534) that defines a stub case charge unit guide
path (536) and is configured to retain a stub case charge
unit (403).
[0027] The charge unit loading system (500) may
further comprise a stub case charge unit conveyor sys-
tem (538) for moving the stub case charge unit (432)
along thestub casechargeunit guide track (534) to astub
case charge unit delivery section (540).
[0028] Thestubcase chargeunit delivery section (540)
may be configured to receive the stub case charge unit
(403) from the stub case charge unit conveyor system
(538) for delivery to the stub case charge unit receiving
system (630) of the first autonomous vehicle (300).
[0029] The charge unit storage section (502) may
further comprise a plurality of charge unit storage com-
partments (516), each of the plurality of storage compart-
ments (516) configured to retain oneormore chargeunits
(402).
[0030] A section of the charge unit conveyor system
(508) may be provided in each storage compartment
(516) and said section configured for moving the charge
unit (402) in each storage compartment (516) to enter the
charge unit guide track (504).
[0031] The stub case charge unit storage section (532)
may further comprise a plurality of stub case charge unit
storage compartments (546), each of the plurality of stub
case charge storage compartments (546) configured to
retain one or more stub case charge units (403).
[0032] A section of the stub case charge unit conveyor
system (538) may be provided in each stub case charge
storage compartment (546) and said section configured
for moving the stub case charge unit (403) in each stub

case charge storage compartment (546) to enter the stub
case charge unit guide track (534).
[0033] The charge unit delivery section (510) may
comprise a plurality of charge unit outlet ports (512) each
fed from the charge unit conveyor system (508).
[0034] The vehicle charge unit receiving system (600)
may comprise a plurality of charge unit inlet ports (514)
arranged in the same configuration as the charge outlet
ports (512) and operable to be in alignment with the
charge outlet ports (512) for receiving the charge unit
(402) from the charge unit loading system (500).
[0035] Thestubcase chargeunit delivery section (540)
may comprise a plurality of stub case charge unit outlet
ports (542) each fed from the stub case charge unit
conveyor system (538).
[0036] The vehicle stub case charge unit receiving
system (630) may comprise a plurality of stub case
charge unit inlet ports (544) arranged in the same con-
figuration as the stub case charge unit outlet ports (542)
andoperable to be in alignmentwith the stub case charge
outlet ports (542) for receiving the stub case charge unit
(403) from the stub case charge unit loading system
(530).
[0037] The projectile unit loading system (550) may
comprise a storage cavity (552) configured to support the
projectile unit (404) in a first orientation.
[0038] The projectile unit loading system (550) may
comprise a delivery unit (554) configured to receive the
projectile unit (404) in a first orientation and rotate it to be
in a second orientation for delivery to the first autono-
mous vehicle (300) projectile unit receiving system (700).
[0039] The projectile unit loading system (550) may
comprise a conveyor (556) for moving the projectile unit
(404) from the storage cavity (552) to the delivery unit
(554).
[0040] The projectile unit loading system (550) may
comprise a projectile guide structure configured to sup-
port the projectile unit in the first orientation as it ismoved
from the storage cavity (552) to the delivery unit (554).
[0041] The delivery unit (554) may comprise a support
arm (556) configured to receive and retain the projectile
unit (404) in the first orientation, pivot from the first
orientation to the second orientation; and when in the
secondorientation, release theprojectileunit (404) so the
projectile unit (404) is delivered to the projectile unit
receiving system (700) of the vehicle.
[0042] The projectile unit loading system (1550) may
comprise a storage cavity (1552) which defines a long-
itudinal axis (1553) along the length of the storage cavity
(1553). The storage cavity (1552)may comprise amount
(1560) configured to support and retain the projectile unit
(404) parallel to the longitudinal axis (1553) at a mount
position within the storage cavity (1552).
[0043] The projectile unit loading system (1550) may
comprise a delivery unit (1554) configured to retain the
projectile unit (404) parallel to the longitudinal axis
(1553), and retrieve the projectile unit (404) from the
mount (1560); convey the projectile unit (404) from the
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mount position to a delivery position in the storage cavity
(552) for delivery to the first autonomous vehicle (300)
projectile unit receiving system (700).
[0044] The delivery unit (1554) may comprise: a sup-
port arm (1556) configured to receive and retain the
projectile unit (404) parallel to the longitudinal axis
(1553); a guide track (1562) which extends along at least
part of the length of the storage cavity (1552) parallel to
the longitudinal axis (1553) and which extends to the
delivery position; and an actuator (1564) operable to
move the support arm (1556) from the mount position
to the delivery position.
[0045] The support arm (1556) may bemounted to the
guide track (1562) via a support unit (1558). The support
arm (1556) may be mounted to the support unit (1558)
such that it is operable to retain the projectile unit (404)
parallel to the longitudinal axis (1553), and withdraw the
projectile unit (404) from the mount (1560); and pivot
about a rotational axis (1566) parallel to the direction of
theguide track (1562) toalign theprojectileunit (404)with
the vehicle delivery position.
[0046] There may also be provided a method of oper-
ating a system, the system comprising: a first autono-
mous vehicle (300) configured to carry an ammunition
subcomponent (400) and comprising an ammunition
subcomponent receiving system (302); an ammunition
subcomponent loading apparatus (200) comprising: an
ammunition subcomponent loading system (202) config-
ured for loading the first autonomous vehicle (300) with
the ammunition subcomponent (400); a housing (204) in
which the ammunition subcomponent loading system
(202) is located and which defines a vehicle loading
bay (206); the first autonomous vehicle (300) comprising
a chassis (1200), wheel arm actuators (1430), wheel
mounting member actuators (1440) and wheel drive
system; wherein the chassis (1200) extends along an
x-axis, a first end (1202) of the chassis (1200) and a
second end (1204) of the chassis (1200) are spaced
apart from one another along the x-axis; the chassis
(1200) extending along a y-axis, a first side (1206) of
the chassis (1200) and a second side (1208) of the
chassis (1200) spaced apart from one another along
the y-axis; the x-axis being at right angles to the y-axis;
the x-axis defining a chassis roll axis (1210), the y-axis
defining a chassis pitch axis (1212) and a z-axis defining
a chassis yawaxis (1214); the z-axis being perpendicular
to the x-axis and y-axis; the first autonomous vehicle
(300) further comprising a gun barrel (3000) having a
barrel axis (3002), the barrel (3000) beingmounted to the
chassis (1200) by a pivot mount (3004), the barrel (3000)
being pivotable relative to the x-axis about a pivot axis
(3100) aligned with the y-axis andmounted such that it is
constrained to move in a plane defined by the x-axis and
z-axis; the wheel arm actuators (1430), wheel mounting
member actuators (1440), wheel drive system forming
part of a chassis suspension system (1400) coupled to
the chassis (1200); wherein the method comprises the
steps of: controlling the wheel drive system to transport

the first autonomous vehicle (300) to rendezvouswith the
ammunition subcomponent loading apparatus (200);
controlling thewheel armactuators (1430), wheelmount-
ing member actuators (1440) and/or drive system to
position the first autonomous vehicle (300) relative to
the ammunition subcomponent loading apparatus
(200) such that the ammunition subcomponent receiving
system (302) of the first autonomous vehicle (300) is
aligned to receive the ammunition subcomponent
(400) from the ammunition subcomponent loading sys-
tem (202).
[0047] Theremaybeprovidedasystem (100) compris-
ing: a first autonomous vehicle (300) configured to carry
ammunition subcomponents (400, 402, 403, 404) and
comprising an ammunition subcomponent receiving sys-
tem (302); the system (100) further comprising a second
autonomous vehicle (800) comprising an ammunition
subcomponent loading system (202) configured for load-
ing the first autonomous vehicle (300) with the ammuni-
tion subcomponents (400, 402, 403, 404) by delivering
the ammunition subcomponents (400, 402, 403, 404) to
the ammunition subcomponent receiving system (302).
[0048] The first autonomous vehicle (300) and/or the
secondautonomousvehicle (800)maycomprise: achas-
sis (1200) extending along an x-axis, a first end (1202) of
the chassis (1200) and a second end (1204) of the
chassis (1200) spaced apart from one another along
the x-axis; the chassis (1202) extending along a y-axis,
a first side (1206) of the chassis (1202) and a second side
(1208) of the chassis (1200) spaced apart from one
another along the y-axis; the x-axis being at right angles
to the y-axis; the x-axis defininga chassis roll axis (1210),
the y-axis defining a chassis pitch axis (1212) and a z-
axis defining a chassis yaw axis (1214); the z-axis being
perpendicular to the x-axis and y-axis; a chassis suspen-
sion system (1400) comprising a plurality of wheel arms
(1402), each wheel arm (1402) extending away from a
different chassismount (1220) on the chassis (1200) to a
respective wheel (1404), each wheel (1404) being rota-
tably mounted on its respective wheel arm (1402), each
wheel (1404) configured for engagement with a support
surface 1500, each wheel arm (1402) and wheel (1404)
configured to support the chassis (1200) apart from the
support surface 1500; each wheel arm (1402) being
pivotable relative to the chassis (1200) such that the roll
of the chassis (1200) about the x-axis, the pitch of the
chassis (1200) about the y-axis, the yaw of the chassis
(1200) about the z-axis and height of the chassis (1200)
in the z-axis is controllable by pivoting at least one of the
wheel arms (1402) relative to the chassis (1200); and
each wheel (1404) being pivotable relative to its respec-
tive wheel arm (1402); whereby the chassis suspension
system (1400) of the first autonomous vehicle (300) is
operable to position the chassis (1200) of the first auton-
omous vehicle (300) relative to the second autonomous
vehicle (800) such that the ammunition subcomponent
receiving system (302) of the first autonomous vehicle
(300) is aligned to receive the ammunition subcompo-
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nent (400) from the ammunition subcomponent loading
system (202) of the second autonomous vehicle (800),
the alignment achievable by pivoting one or more wheel
arms (1402) relative to the chassis (1200) and/or by
pivoting one or more wheels (1404) relative to its respec-
tive wheel arm (1402) and/or by rotating one or more
wheels (1404) relative to its respectivewheel arm (1402);
and/or the chassis suspension system (1400) of the
second autonomous vehicle (800) is operable to position
the chassis (1200) of the second autonomous vehicle
(800) such that the ammunition subcomponent receiving
system (302) of the first autonomous vehicle (300) is
aligned to receive the ammunition subcomponent
(400) from the ammunition subcomponent loading sys-
tem (202) of the second autonomous vehicle (800), the
alignment achievable by pivoting one or more wheel
arms (1402) relative to the chassis (1200) and/or by
pivoting one or more wheels (1404) relative to its respec-
tive wheel arm (1402) and/or by rotating one or more
wheels (1404) relative to its respectivewheel arm (1402).
[0049] The first autonomous vehicle (300) may com-
prise a gun barrel (3000) having a barrel axis (3002), the
barrel (3000) being mounted to the chassis (1200) by a
pivot mount (3004), the barrel (3000) being pivotable
relative to the x-axis about a pivot axis (3100) aligned
with the y-axis andmounted such that it is constrained to
move in a plane defined by the x-axis and z-axis.
[0050] The ammunition subcomponents (400, 402,
403) may comprise a charge unit (402) and/or a stub
case charge unit (403).
[0051] Theammunitionsubcomponent loadingsystem
(202) of the second autonomous vehicle (800) may com-
prise a charge unit loading system (500) and/or a stub
case charge unit loading system (530).
[0052] The ammunition subcomponent receiving sys-
tem (302) of the first autonomous vehicle (300) may
comprise a charge unit receiving system (600) and/or
a stub case charge unit receiving system (630).
[0053] The charge unit loading system (500) may be
configured to couple to and deliver the charge unit (402)
to the charge unit receiving system (600) of the first
autonomous vehicle (300).
[0054] The stub case charge unit loading system (530)
may be configured to couple to and deliver the stub case
charge unit (403) to the stub case charge unit receiving
system (630) of the first autonomous vehicle (300).
[0055] The ammunition subcomponent receiving sys-
tem (302) of the first autonomous vehicle (300) may
further comprise a charge unit storage system (650)
operable to receive the charge unit (402) from the charge
unit receiving system (600) of the first autonomous ve-
hicle (300) so the charge unit (402) can be carried by the
first autonomous vehicle (300).
[0056] The ammunition subcomponent receiving sys-
tem (302) of the first autonomous vehicle (300) may
further comprise a stub case charge unit storage system
(652) operable to receive the stub case charge unit (403)
from the stub case charge unit receiving system (630) of

the first autonomous vehicle (300) so the stub case
charge unit (403) can be carried by the first autonomous
vehicle (300).
[0057] The ammunition subcomponent (400) may be
provided as a projectile unit (404).
[0058] Theammunitionsubcomponent loadingsystem
(202) of the second autonomous vehicle (800) may com-
prise a projectile unit loading system (550, 1550).
[0059] The ammunition subcomponent receiving sys-
tem (302) of the first autonomous vehicle (300) may
comprise a projectile unit receiving system (700).
[0060] The projectile unit loading system (550, 1550)
may be configured to couple to and deliver a projectile
unit (404) to the first autonomous vehicle (300) projectile
unit receiving system (700).
[0061] The first autonomous vehicle (300) may further
comprise a projectile unit storage system (750) operable
to receiveaprojectile unit (404) from thefirst autonomous
vehicle (300) projectile unit receiving system (700).
[0062] The charge unit loading system (500)may com-
prise a charge unit storage section (502) which com-
prises a charge unit guide track (504) that defines a
charge unit guide path (506) and is configured to retain
a charge unit (402).
[0063] The charge unit loading system (500)may com-
prise a charge unit conveyor system (508) for moving the
charge unit (402) along the charge unit guide track (504)
to a charge unit delivery section (510).
[0064] The charge unit delivery section (510) may be
configured to receive the charge unit (402) from the
charge unit conveyor system (508) for delivery to the
charge unit receiving system (600) of the first autono-
mous vehicle (300).
[0065] The charge unit loading system (500) may
further comprise a stub case charge unit storage section
(532) which comprises a stub case charge unit guide
track (534) that defines a stub case charge unit guide
path (536) and is configured to retain a stub case charge
unit (403).
[0066] The charge unit loading system (500) may
further comprise a stub case charge unit conveyor sys-
tem (538) for moving the stub case charge unit (432)
along thestub casechargeunit guide track (534) to astub
case charge unit delivery section (540).
[0067] Thestubcase chargeunit delivery section (540)
may be configured to receive the stub case charge unit
(403) from the stub case charge unit conveyor system
(538) for delivery to the stub case charge unit receiving
system (630) of the first autonomous vehicle (300).
[0068] The charge unit storage section (502) may
further comprise a plurality of charge unit storage com-
partments (516), each of the plurality of storage compart-
ments (516) configured to retainoneormore chargeunits
(402).
[0069] A section of the charge unit conveyor system
(508) may be being provided in each storage compart-
ment (516) and said section configured for moving the
charge unit (402) in each storage compartment (516) to
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enter the charge unit guide track (504).
[0070] The stub case charge unit storage section (532)
may further comprise a plurality of stub case charge unit
storage compartments (546), each of the plurality of stub
case charge storage compartments (546) configured to
retain one or more stub case charge units (403).
[0071] A section of the stub case charge unit conveyor
system (538) may be provided in each stub case charge
storage compartment (546) and said section configured
for moving the stub case charge unit (403) in each stub
case charge storage compartment (546) to enter the stub
case charge unit guide track (534).
[0072] The charge unit delivery section (510) may
comprise a plurality of charge unit outlet ports (512) each
fed from the charge unit conveyor system (508).
[0073] The vehicle charge unit receiving system (600)
may comprise a plurality of charge unit inlet ports (514)
arranged in the same configuration as the charge outlet
ports (512) and operable to be in alignment with the
charge outlet ports (512) for receiving the charge unit
(402) from the charge unit loading system (500).
[0074] Thestubcase chargeunit delivery section (540)
may comprise a plurality of stub case charge unit outlet
ports (542) each fed from the stub case charge unit
conveyor system (538).
[0075] The vehicle stub case charge unit receiving
system (630) may comprise a plurality of stub case
charge unit inlet ports (544) arranged in the same con-
figuration as the stub case charge unit outlet ports (542)
andoperable to be in alignmentwith the stub case charge
outlet ports (542) for receiving the stub case charge unit
(403) from the stub case charge unit loading system
(530).
[0076] The projectile unit loading system (550) may
comprise a storage cavity (552) configured to support the
projectile unit (404) in a first orientation.
[0077] The projectile unit loading system (550) may
comprise a delivery unit (554) configured to receive the
projectile unit (404) in a first orientation and rotate it to be
in a second orientation for delivery to the first autono-
mous vehicle (300) projectile unit receiving system (700).
[0078] The projectile unit loading system (550) may
comprise a conveyor (558) for moving the projectile unit
(404) from the storage cavity (552) to the delivery unit
(554).
[0079] The projectile unit loading system (550) may
comprise a projectile guide structure configured to sup-
port the projectile unit in the first orientation as it ismoved
from the storage cavity (552) to the delivery unit (554).
[0080] The delivery unit (554) may comprise a support
arm (556) configured to: receive and retain the projectile
unit (404) in the first orientation, pivot from the first
orientation to the second orientation; and when in the
secondorientation, release theprojectileunit (404) so the
projectile unit (404) is delivered to the projectile unit
receiving system (700) of the vehicle.
[0081] The projectile unit loading system (1550) may
comprise a storage cavity (1552) which defines a long-

itudinal axis (1553) along the length of the storage cavity
(1553); the storage cavity (1552) comprising a mount
(1560) configured to support and retain the projectile unit
(404) parallel to the longitudinal axis (1553) at a mount
position within the storage cavity (1552).
[0082] The projectile unit loading system (1550) may
comprise a delivery unit (1554) configured to retain the
projectile unit (404) parallel to the longitudinal axis
(1553), retrieve the projectile unit (404) from the mount
(1560); and convey the projectile unit (404) from the
mount position to a delivery position in the storage cavity
(552) for delivery to the first autonomous vehicle (300)
projectile unit receiving system (700).
[0083] The delivery unit (1554) may comprise a sup-
port arm (1556) configured to receive and retain the
projectile unit (404) parallel to the longitudinal axis
(1553); a guide track (1562) which extends along at least
part of the length of the storage cavity (1552) parallel to
the longitudinal axis (1553) and which extends to the
delivery position; an actuator (1564) operable to move
the support arm (1556) from the mount position to the
delivery position.
[0084] The support arm (1556) may bemounted to the
guide track (1562) via a support unit (1558). The support
arm (1556) may be mounted to the support unit (1558)
such that it is operable to retain the projectile unit (404)
parallel to the longitudinal axis (1553), withdraw the
projectile unit (404) from the mount (1560); and pivot
about a rotational axis (1566) parallel to the direction of
theguide track (1562) toalign theprojectileunit (404)with
the vehicle delivery position.
[0085] Theremay be provided amethod of operating a
system, the system comprising: a first autonomous ve-
hicle (300) configured to carry an ammunition subcom-
ponent (400) and comprising an ammunition subcompo-
nent receiving system (302); a second autonomous ve-
hicle (800) comprising an ammunition subcomponent
loading system (202) configured for loading the first
autonomous vehicle (300) with the ammunition subcom-
ponent (400) by delivering the ammunition subcompo-
nent (400) to the ammunition subcomponent receiving
system (302); the first autonomous vehicle (300) and/or
second autonomous vehicle (800) comprising a chassis
(1200), wheel arm actuators (1430), wheel mounting
member actuators (1440) and wheel drive system;
wherein the chassis (1200) extends along an x-axis, a
first end (1202) of the chassis (1200) and a second end
(1204) of the chassis (1200) are spaced apart from one
another along the x-axis; the chassis (1200) extending
along a y-axis, a first side (1206) of the chassis (1200)
and a second side (1208) of the chassis (1200) spaced
apart from one another along the y-axis; the x-axis being
at right angles to the y-axis; the x-axis defining a chassis
roll axis (1210), the y-axis defining a chassis pitch axis
(1212) and a z-axis defining a chassis yaw axis (1214);
the z-axis being perpendicular to the x-axis and y-axis;
the first autonomous vehicle (300) further comprising a
gun barrel (3000) having a barrel axis (3002), the barrel
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(3000) being mounted to the chassis (1200) by a pivot
mount (3004), the barrel (3000) being pivotable relative
to the x-axis about a pivot axis (3100) aligned with the y-
axis and mounted such that it is constrained to move in a
plane defined by the x-axis and z-axis; the wheel arm
actuators (1430), wheel mounting member actuators
(1440), wheel drive system forming part of a chassis
suspension system (1400) coupled to the chassis
(1200); wherein the method comprises the steps of:
controlling the wheel drive system to transport the first
autonomous vehicle (300) and/or second autonomous
vehicle (800) to rendezvous with the other of the first
autonomous vehicle (300) and/or second autonomous
vehicle (800); controlling thewheel armactuators (1430),
wheel mounting member actuators (1440) and/or drive
system to position the first autonomous vehicle (300) and
secondautonomous vehicle (800) relative to oneanother
such that the ammunition subcomponent receiving sys-
tem (302) of the first autonomous vehicle (300) is aligned
to receive the ammunition subcomponent (400) from the
ammunition subcomponent loading system (202) of the
second autonomous vehicle (800).
[0086] Theremaybeprovidedasystem (100) compris-
ing an autonomous delivery vehicle (900) comprising an
ammunition subcomponent loading system (202) config-
ured for delivering an ammunition subcomponent pack
(450) to a target object (380) the ammunition subcompo-
nent pack (450) operable for storage of an ammunition
subcomponent (400).
[0087] The autonomous delivery vehicle (900) may
comprise an ammunition subcomponent pack engage-
ment support region (904) for locating the ammunition
subcomponent pack (450) on the autonomous delivery
vehicle (900).
[0088] The autonomous delivery vehicle (900) may
comprise a lifting arm (902) comprising a grip (906).
[0089] The lifting arm (902) may be configured to cou-
ple to the ammunition pack (450) on the autonomous
delivery vehicle (900) using the grip (906), lift the ammu-
nition pack (450) from the ammunition subcomponent
pack engagement support region (904) and deposit it on
the target object (380).
[0090] The lifting arm (902) may be configured to cou-
ple toanammunitionpack (450)on the target object (380)
using the grip (906), lift it from the target object (380) and
deposit the ammunition pack (450) on the ammunition
subcomponent pack engagement support region (904)
on the autonomous delivery vehicle (900).
[0091] The autonomous delivery vehicle (900) may
comprise a chassis (1200) extending along an x-axis,
a first end (1202) of the chassis (1200) and a second end
(1204) of the chassis (1200) spaced apart from one
another along the x-axis; the chassis (1202) extending
along a y-axis, a first side (1206) of the chassis (1202)
and a second side (1208) of the chassis (1200) spaced
apart from one another along the y-axis; the x-axis being
at right angles to the y-axis; the x-axis defining a chassis
roll axis (1210), the y-axis defining a chassis pitch axis

(1212) and a z-axis defining a chassis yaw axis (1214);
the z-axis being perpendicular to the x-axis and y-axis; a
chassis suspension system (1400) comprising a plurality
of wheel arms (1402), each wheel arm (1402) extending
away from a different chassis mount (1220) on the chas-
sis (1200) to a respective wheel (1404), each wheel
(1404) being rotatably mounted on its respective wheel
arm (1402), each wheel (1404) configured for engage-
mentwithasupport surface1500, eachwheel arm (1402)
and wheel (1404) configured to support the chassis
(1200) apart from the support surface 1500; each wheel
arm (1402) being pivotable relative to the chassis (1200)
such that the roll of the chassis (1200) about the x-axis,
thepitchof the chassis (1200) about the y-axis, the yawof
the chassis (1200) about the z-axis and height of the
chassis (1200) in the z-axis is controllable by pivoting at
least one of the wheel arms (1402) relative to the chassis
(1200); and eachwheel (1404) being pivotable relative to
its respective wheel arm (1402); whereby the chassis
suspension system (1400) of the autonomous delivery
vehicle (900) is operable to position the chassis (1200) of
the autonomous delivery vehicle (900) relative to a target
object (380) so that the grip (906) is operable to reach
between the autonomous delivery vehicle (900) and the
target object (380), the alignment achievable by pivoting
one or more wheel arms (1402) relative to the chassis
(1200) and/or by pivoting one or more wheels (1404)
relative to its respective wheel arm (1402) and/or by
rotating one or more wheels (1404) relative to its respec-
tive wheel arm (1402).
[0092] The lifting arm (902) may be configured to cou-
ple to the target object (380); and the autonomous de-
livery vehicle (900) is operable to apply a force to move
the target object (380).
[0093] The target object may be a first autonomous
vehicle (300) configured to carry an ammunition sub-
component (400) and comprising an ammunition sub-
component receiving system (302). The lifting arm (902)
may be configured to deposit the ammunition pack (450)
on the ammunition subcomponent receiving system
(302).
[0094] The first autonomous vehicle (300) may com-
prise a chassis (1200) extending along an x-axis, a first
end (1202) of the chassis (1200) and a second end
(1204) of the chassis (1200) spaced apart from one
another along the x-axis; the chassis (1202) extending
along a y-axis, a first side (1206) of the chassis (1202)
and a second side (1208) of the chassis (1200) spaced
apart from one another along the y-axis; the x-axis being
at right angles to the y-axis; the x-axis defining a chassis
roll axis (1210), the y-axis defining a chassis pitch axis
(1212) and a z-axis defining a chassis yaw axis (1214);
the z-axis being perpendicular to the x-axis and y-axis; a
chassis suspension system (1400) comprising a plurality
of wheel arms (1402), each wheel arm (1402) extending
away from a different chassis mount (1220) on the chas-
sis (1200) to a respective wheel (1404), each wheel
(1404) being rotatably mounted on its respective wheel
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arm (1402), each wheel (1404) configured for engage-
mentwithasupport surface1500, eachwheel arm (1402)
and wheel (1404) configured to support the chassis
(1200) apart from the support surface 1500; each wheel
arm (1402) being pivotable relative to the chassis (1200)
such that the roll of the chassis (1200) about the x-axis,
thepitchof the chassis (1200) about the y-axis, the yawof
the chassis (1200) about the z-axis and height of the
chassis (1200) in the z-axis is controllable by pivoting at
least one of the wheel arms (1402) relative to the chassis
(1200); and eachwheel (1404) being pivotable relative to
its respective wheel arm (1402); whereby the chassis
suspension system (1400) of the first autonomous vehi-
cle (300) is operable to position the chassis (1200) of the
first autonomous vehicle (300) relative to the autono-
mous delivery vehicle (900) such that the ammunition
subcomponent receiving system (302) of the first auton-
omous vehicle (300) is aligned to receive the ammunition
pack (450) from the lifting arm (902) of the autonomous
delivery vehicle (900), the alignment achievable by pivot-
ing one ormorewheel arms (1402) relative to the chassis
(1200) and/or by pivoting one or more wheels (1404)
relative to its respective wheel arm (1402) and/or by
rotating one or more wheels (1404) relative to its respec-
tive wheel arm (1402).
[0095] The first autonomous vehicle (300) may com-
prise a gun barrel (3000) having a barrel axis (3002), the
barrel (3000) being mounted to the chassis (1200) by a
pivot mount (3004), the barrel (3000) being pivotable
relative to the x-axis about a pivot axis (3100) aligned
with the y-axis andmounted such that it is constrained to
move in a plane defined by the x-axis and z-axis.
[0096] Theremay be provided amethod of operating a
system, the system comprising an autonomous delivery
vehicle (900) comprising an ammunition subcomponent
loading system (202) configured for delivering an ammu-
nition subcomponent pack (450) to a target object (380),
the ammunition subcomponent pack (450) operable for
storage of an ammunition subcomponent (400); the
autonomous delivery vehicle (900) comprising an am-
munition subcomponent pack engagement support re-
gion (904) for locating the ammunition subcomponent
pack (450) on the autonomous delivery vehicle (900); the
autonomous delivery vehicle (900) comprising a lifting
arm (902) comprising a grip (906), the autonomous de-
livery vehicle (900) comprising a chassis (1200), wheel
armactuators (1430),wheelmountingmemberactuators
(1440) and wheel drive system; wherein the chassis
(1200) extends along an x-axis, a first end (1202) of
the chassis (1200) and a second end (1204) of the
chassis (1200) are spaced apart from one another along
the x-axis; the chassis (1200) extending along a y-axis, a
first side (1206) of the chassis (1200) and a second side
(1208) of the chassis (1200) spaced apart from one
another along the y-axis; the x-axis being at right angles
to the y-axis; the x-axis defininga chassis roll axis (1210),
the y-axis defining a chassis pitch axis (1212) and a z-
axis defining a chassis yaw axis (1214); the z-axis being

perpendicular to the x-axis and y-axis; the wheel arm
actuators (1430), wheel mounting member actuators
(1440), wheel drive system forming part of a chassis
suspension system (1400) coupled to the chassis
(1200); wherein the method comprises the steps of:
controlling thewheel drive system to transport the auton-
omous delivery vehicle (900) to rendezvous with the
target object 380; controlling the wheel arm actuators
(1430), wheelmountingmember actuators (1440) and/or
drive system to position the autonomous delivery vehicle
(900) relative to the target object (380) such that that the
grip (906) is operable to reach between autonomous
delivery vehicle (900) and the target object (380).
[0097] The method may further comprise the step of:
coupling to the ammunition pack (450) on the autono-
mousdelivery vehicle (900)using thegrip (906), lifting the
ammunition pack (450) from the ammunition subcompo-
nent pack engagement support region (904) and deposit
the ammunition pack (450) on the target object (380).
[0098] The method may further comprise the step of:
coupling to anammunitionpack (450) on the target object
(380) using the grip (906), lift the ammunition pack (450)
from the target object (380) and deposit the ammunition
pack (450) on the ammunition subcomponent pack en-
gagement support region (904) on the autonomous de-
livery vehicle (900).
[0099] The method may further comprise the steps of:
coupling the lifting arm (902) to the target object (380) the
autonomous delivery vehicle (900) applying a force to
move the target object (380).
[0100] Theremaybeprovidedasystem (100) compris-
ing a first autonomous vehicle (300) configured to carry
an ammunition subcomponent (400) and comprising an
ammunition subcomponent receiving system (302); the
system (100) further comprising an autonomous heavy
lift drone air-vehicle (2000) comprising an ammunition
subcomponent loading system (2202) configured for
loading the first autonomous vehicle (300) with the am-
munition subcomponent (400) by delivering the ammuni-
tion subcomponent (400) to the ammunition subcompo-
nent receiving system (302) of the first autonomous
vehicle (300).
[0101] Theammunitionsubcomponent loadingsystem
(2202) of the autonomous heavy lift drone air-vehicle
(2000) may comprise a storage cavity (2552) configured
to support and retain the ammunition subcomponent
(400) at amount positionwithin the storage cavity (2552).
[0102] Theammunitionsubcomponent loadingsystem
(2202) of the autonomous heavy lift drone air-vehicle
(2000) a delivery unit (2554) may be configured to re-
trieve the ammunition subcomponent (400) from the
mount position within the storage cavity (2552).
[0103] Theammunitionsubcomponent loadingsystem
(2202) of the autonomous heavy lift drone air-vehicle
(2000) adelivery unit (2554)maybeconfigured to convey
the ammunition subcomponent (400) from the mount
position to a delivery position in the storage cavity
(2552) for delivery to the ammunition subcomponent
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receiving system (302) of the first autonomous vehicle
(300).
[0104] The delivery unit (2554) may comprise a con-
veyor system (2562) for moving the ammunition sub-
component (400) along the storage cavity (2552) for
delivery to the ammunition subcomponent receiving sys-
tem (302) of the first autonomous vehicle (300).
[0105] Theammunitionsubcomponent loadingsystem
(2202) of the autonomous heavy lift drone air-vehicle
(2000) comprises a housing (2204) which defines a
plurality of storage cavities (2552), each configured to
support and retain an ammunition subcomponent (400)
at a mount position within the respective storage cavity
(2552).
[0106] The housing (2204) may be centred on and
rotatable about a rotational axis (2206) such that the
delivery position of eachstoragecavity (2552) ismovable
around the rotational axis (2206) to be aligned, in turn,
with the ammunition subcomponent receiving system
(302) of the first autonomous vehicle (300).
[0107] The housing (2204) may be coupled to an in-
dexing system operable to control the rotation of the
housing (2204) about the rotational axis (2206).
[0108] The first autonomous vehicle (300) may com-
prise a chassis (1200) extending along an x-axis, a first
end (1202) of the chassis (1200) and a second end
(1204) of the chassis (1200) spaced apart from one
another along the x-axis; the chassis (1202) extending
along a y-axis, a first side (1206) of the chassis (1202)
and a second side (1208) of the chassis (1200) spaced
apart from one another along the y-axis; the x-axis being
at right angles to the y-axis; the x-axis defining a chassis
roll axis (1210), the y-axis defining a chassis pitch axis
(1212) and a z-axis defining a chassis yaw axis (1214);
the z-axis being perpendicular to the x-axis and y-axis; a
chassis suspension system (1400) comprising a plurality
of wheel arms (1402), each wheel arm (1402) extending
away from a different chassis mount (1220) on the chas-
sis (1200) to a respective wheel (1404), each wheel
(1404) being rotatably mounted on its respective wheel
arm (1402), each wheel (1404) configured for engage-
mentwithasupport surface1500, eachwheel arm (1402)
and wheel (1404) configured to support the chassis
(1200) apart from the support surface 1500; each wheel
arm (1402) being pivotable relative to the chassis (1200)
such that the roll of the chassis (1200) about the x-axis,
thepitchof the chassis (1200) about the y-axis, the yawof
the chassis (1200) about the z-axis and height of the
chassis (1200) in the z-axis is controllable by pivoting at
least one of the wheel arms (1402) relative to the chassis
(1200); and eachwheel (1404) being pivotable relative to
its respective wheel arm (1402); whereby the chassis
suspension system (1400) of the first autonomous vehi-
cle (300) is operable to position the chassis (1200) of the
first autonomous vehicle (300) relative to the heavy lift
drone air-vehicle (2000) such that the ammunition sub-
component receiving system (302) of the first autono-
mous vehicle (300) is aligned to receive the ammunition

subcomponent (400) from the ammunition subcompo-
nent loading system (2202) of the autonomous heavy lift
drone air-vehicle (2000); the alignment achievable by
pivoting one or more wheel arms (1402) relative to the
chassis (1200) and/or by pivoting one or more wheels
(1404) relative to its respective wheel arm (1402) and/or
by rotating one or more wheels (1404) relative to its
respective wheel arm (1402).
[0109] The first autonomous vehicle (300) may com-
prise a gun barrel (3000) having a barrel axis (3002), the
barrel (3000) being mounted to the chassis (1200) by a
pivot mount (3004), the barrel (3000) being pivotable
relative to the x-axis about a pivot axis (3100) aligned
with the y-axis andmounted such that it is constrained to
move in a plane defined by the x-axis and z-axis.
[0110] The ammunition subcomponent (400) may be
provided as a projectile unit (404).
[0111] There may be provided amethod of operating a
system, the system comprising: a first autonomous ve-
hicle (300) configured to carry an ammunition subcom-
ponent (400) and comprising an ammunition subcompo-
nent receiving system (302); an autonomous heavy lift
drone air-vehicle (2000) comprising an ammunition sub-
component loading system (2202) configured for loading
the first autonomous vehicle (300) with the ammunition
subcomponent (400) by delivering the ammunition sub-
component (400) to the ammunition subcomponent re-
ceiving system (302); the first autonomous vehicle (300)
comprising a chassis (1200), wheel arm actuators
(1430), wheel mounting member actuators (1440) and
wheel drive system; wherein the chassis (1200) extends
along an x-axis, a first end (1202) of the chassis (1200)
and a second end (1204) of the chassis (1200) are
spaced apart from one another along the x-axis; the
chassis (1200) extending along a y-axis, a first side
(1206) of the chassis (1200) and a second side (1208)
of the chassis (1200) spaced apart from one another
along the y-axis; the x-axis being at right angles to the
y-axis; the x-axis defining a chassis roll axis (1210), the y-
axis defining a chassis pitch axis (1212) and a z-axis
defining a chassis yaw axis (1214); the z-axis being
perpendicular to the x-axis and y-axis; the wheel arm
actuators (1430), wheel mounting member actuators
(1440), wheel drive system forming part of a chassis
suspension system (1400) coupled to the chassis
(1200); wherein the method comprises the steps of:
controlling the autonomous heavy lift drone air-vehicle
(2000) to fly to rendezvous with the first autonomous
vehicle (300); and/or controlling the wheel drive system
to transport the first autonomous vehicle (300) to ren-
dezvouswith the autonomous heavy lift drone air-vehicle
(2000); controlling thewheel armactuators (1430),wheel
mounting member actuators (1440) and/or drive system
to position the first autonomous vehicle (300) relative to
the ammunition subcomponent loading system (2202) of
the autonomous heavy lift drone air-vehicle (2000) such
that the ammunition subcomponent receiving system
(302) of the first autonomous vehicle (300) is aligned
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to receive the ammunition subcomponent (400) from the
ammunition subcomponent loading system (2202).
[0112] Hence there is provided a system, or part there-
of, which is configured to provide ammunition to an
autonomous vehicle operable as a gun system.

BRIEF DESCRIPTION OF THE FIGURES

[0113] Embodiments of the invention will now be de-
scribed by way of example only with reference to the
figures, in which:

Figures 1, 2 show a first example of a system includ-
ing apparatus for providing ammunition subcompo-
nents to an autonomous vehicle, according to the
present disclosure;
Figures 3 to 6 show another example of a system
including apparatus for providing ammunition sub-
components to an autonomous vehicle, according to
the present disclosure;
Figures 7 to 9 show a further example of a system
including apparatus for providing ammunition sub-
components to an autonomous vehicle, according to
the present disclosure;
Figures 10 to 13 show a first example of an ammuni-
tion subcomponent loading system and how it may
operate to provide ammunition subcomponents to
an autonomous vehicle, according to the present
disclosure;
Figures 14 to 18 show a second example of an
ammunition subcomponent loading system and
how it may operate to provide ammunition subcom-
ponents to an autonomous vehicle, according to the
present disclosure;
Figures 19 to 22 show a third example of an ammu-
nition subcomponent loading system and how it may
operate to provide ammunition subcomponents to
an autonomous vehicle, according to the present
disclosure;
Figures 23 to 25 show a fourth example of an am-
munition subcomponent loading system and how it
may be operate to providing ammunition subcompo-
nents to an autonomous vehicle, according to the
present disclosure;
Figures 26 to 28 show another example of a system
including apparatus for providing ammunition sub-
components to an autonomous vehicle, according to
the present disclosure;
Figures 29, 30 illustrate the key features of a gun
targeting systemwhich forms part of an autonomous
vehicle of the present disclosure, with the gun target-
ing system shown from a plan view;
Figures 31 to 33 illustrate an example of how the gun
targeting system of the present disclosure may be
operated, with the gun targeting system shown from
a plan view; and
Figures 34 to 36 further illustrate how the gun target-
ing system of the present disclosure may be oper-

ated, with the gun targeting system shown from a
side view.

DETAILED DESCRIPTION

[0114] The present disclosure relates to systems for
loading vehicles with ammunition. The present disclo-
sure relates systems for loading autonomous vehicles
with ammunition. The present disclosure relates to
autonomous delivery vehicles for loading other autono-
mous vehicles with ammunition. The present disclosure
relates toautonomousvehiclesperformingoperationson
other autonomous vehicles.
[0115] The present disclosure relates to gun targeting
system. In particular the present disclosure relates to a
gun targeting system provided as a vehicle for transport-
ing, supporting and targeting a gunaswell as amethod of
controlling a gun targeting system.
[0116] The autonomous vehicles may be self-pro-
pelled vehicles.
[0117] Any of the examples of autonomous vehicles of
the present disclosuremay comprise a chassis 1200with
achassis suspensionsystem1400.Details of thechassis
suspension system1400 and how itmay be operated are
illustrated in figures 29 to 36.
[0118] In some examples of the autonomous vehicles
of the present disclosure the autonomous vehiclemaybe
provided with a weapon system comprising a gun 3000
(as shown in figures 29 to 36). In other examples, the
autonomous vehicles of the present disclosure may not
comprise a weapon system comprising a gun 3000.
[0119] In examples in which a weapon system is pro-
vided, the autonomous vehicle may be configured as a
gun targeting system 4000 by virtue of the operability of
the chassis suspension system 1400.
[0120] Figures 29 to 36 show an example of an auton-
omous vehicle according to the present disclosure com-
prising a gun, where the gun is attached to the vehicle by
a mount. The autonomous vehicle and configuration of
the gun mount provide a gun targeting system 4000.
Figures 29 to 33 illustrates a plan view and Figures 34
to 36 show a side view.
[0121] In all examples inwhich an autonomous vehicle
of the present disclosure is provided with the chassis
suspension system 1400, the operability of the chassis
suspension system 1400 allows for the autonomous
vehicle to position and orientate itself ready to deliver
and/or receive ammunition subcomponents.
[0122] As shown in figure 29, each autonomous vehi-
clechassisextendsalonganx-axis, afirst end1202of the
chassis 1200 and a second end 1204 of the chassis 1200
spaced apart from one another along the x-axis. The
chassis 1200 also extends along a y-axis, a first side
1206 of the chassis 1200 and a second side 1208 of the
chassis 1200 spaced apart from one another along the y-
axis. The x-axis is at right angles to the y-axis.
[0123] The x-axis defines a chassis roll axis 1210. The
y-axis defines a chassis pitch axis 1212. A z-axis defines
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a chassis yaw axis 1214, the z-axis being perpendicular
to the x-axis and y-axis.
[0124] The chassis suspension system 1400 com-
prises a plurality of wheel arms 1402, each wheel arm
1402 extending away from a different chassis mount
1220 on the chassis 1200 to a respective wheel 1404,
each wheel 1404 being rotatably mounted on its respec-
tive wheel arm 1402, each wheel 1404 configured for
engagement with a support surface 1500.
[0125] Eachwheel arm 1402 is pivotable relative to the
chassis 1200 such that the roll of the chassis 1200 about
the x-axis, the pitch of the chassis 1200 about the y-axis
and the yaw of the chassis 1200 about the z-axis is
controllable by pivoting at least one of the wheel arms
1402 relative to the chassis 1200. Additionally, each
wheel 1404 is pivotable relative to its respective wheel
arm 1402.
[0126] Hence each wheel arm 1402 may be pivotable
relative to the chassis 1200about anaxis parallel to the z-
axis and/or may be pivotable relative to the chassis 1200
about an axis parallel to the y-axis (for example shown in
Figures 34, 35, 36). That is to say, each wheel arm 1402
may be pivotable relative to the chassis 1200 in a direc-
tion having a component parallel to the z-axis and/or
parallel to the y-axis. Hence pivoting a wheel arm 1402
about the z-axis, will yaw the chassis 1200 about the z-
axis, and pivoting wheel arm 1402 about the y-axis, will
pitch the chassis about the y-axis.
[0127] Additionally, each wheel 1404 is pivotable re-
lative to its respective wheel arm 1402 to thereby change
the angle of one or more of the wheels 1404 relative to its
respectivewheel arm1402 (for example shown in figures
34, 35, 36). Hence, for example, such pivoting of a wheel
1404 relative to its respective wheel arm 1402 alters the
direction which the wheel 1404 is aligned such that when
the wheel is rotated the chassis/vehicle is steered in a
direction dictated by the orientation of the wheel 1404
relative to its respective wheel arm 1402.
[0128] As shown in figures 34 to 36, each wheel arm
1402 and wheel 1404 are configured to support the
chassis 1200 apart from the support surface 1500. Each
wheel arm 1402 and wheel 1404 may be configured to
support the chassis 1200 apart from the support surface
1500 in the direction of the z-axis. Each wheel arm 1402
andwheel 1404maybeconfigured to support the chassis
1200 a distance Dz apart from the support surface 1500
in the z-axis, where the distanceDz can be varied by the
suspension system 1400, and may vary for different
locations on the chassis 1200.
[0129] Each wheel arm 1402 has a chassis mount end
1410 which in use is adjacent to the chassis 1200 and a
wheel mount end 1412 to which may be attached one of
the wheels 1404 for supporting the chassis 1200.
[0130] The chassismount end 1410 of eachwheel arm
1402 may be provided with a chassis mounting member
1414 (for example a bracket for attaching to the chassis
1200, the chassis mount end 1410 of each wheel arm
1402 and chassis mounting member 1414 being pivota-

ble relative to one another around a chassis mount
pivoting axis 1230. The chassis mounting member
1414 may be configured to support (e.g. couple) the
chassis mount end 1410 of the wheel arm 1402 so that
thewheel arm 1402 and chassismountingmember 1414
are operable to pivot at least 180 degrees relative to one
another about the chassismount pivoting axis 1230. That
is to say, the wheel arm 1402 may be mounted to the
chassis mount 1220 (for example via the chassis mount-
ing member 1414) such that the wheel arm 1402 is
operable to pivot at least 180 degrees relative to the
chassis mount 1220. The wheel arm 1402 and chassis
mountingmember 1414may be operable to pivot at least
180 degrees but no more than 200 degrees relative to
one another. The wheel arm 1402 and chassis mounting
member 1414 may be operable to pivot at least 180
degrees but no more than 190 degrees relative to one
another. For example, the chassis mounting member
1414 and/or chassis mount 1220 may space the chassis
endof thewheel arm1402apart from thechassis 1200so
that the wheel arm 1402 may be parallel to the chassis
1200 (e.g. extending parallel to the x-axis and/or extend-
ing in a direction having a component in a direction
parallel to the x-axis), or allow the wheel arm 1402 to
extend from its chassis mount end towards the chassis
1200 (e.g. angled 95 degrees relative to the y-axis and/or
extending in adirection havinga component in adirection
angled 95 degrees to the y-axis). The wheel arm 1402
and chassismount 1220may be pivotable relative to one
another around an axis parallel to the z axis and/or
around a vertical axis. Each chassis mounting member
1414 may comprise a universal joint.
[0131] Each wheel arm 1402 may be provided with a
wheel armactuator 1430 to control theorientationof each
wheel arm 1402 relative to the chassis 1200.
[0132] The wheel mount end 1412 of each wheel arm
1402 may be provided with a wheel mounting member
1416 (e.g. a bracket) for attaching to one of the wheels
1404, thewheelmount end 1412 of eachwheel arm1402
and wheel mounting member 1416 being pivotable re-
lative to one another around a wheel mount pivoting axis
1432.
[0133] Each wheel mounting member 1416 is config-
ured to couple with the wheel mount end 1412 of the
wheel arm 1402 so that each wheel arm 1402 and wheel
mounting member 1416 (and hence wheel 1404) are
operable to pivot 180 degrees relative to one another
about the wheel mount pivoting axis 1432. Each wheel
arm 1402 and respective wheel mounting member 1416
(and hencewheel 1404)may be operable to pivot at least
180 degrees but no more than 200 degrees relative to
one another about the wheel mount pivoting axis 1432.
Each wheel arm 1402 and respective wheel mounting
member 1416 (and hence wheel 1404) may be operable
to pivot at least 180 degrees but no more than 190
degrees relative to one another about the wheel mount
pivoting axis 1432. Each wheel mounting member 1416
may comprise a universal joint 420.
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[0134] The chassis mount pivoting axis 1230 may be
parallel to the wheel mount pivoting axis 1432. The
chassis mount pivoting axis 1230 may be aligned with
(e.g. parallel to) the z-axis.
[0135] Eachwheelmountingmember 1416 is provided
with a wheel mounting member actuator 1440 to control
the orientation of eachwheel 402 relative to its respective
wheel arm 1402.
[0136] At least one wheel 1404 is coupled to a drive
system to rotate the, or each, wheel 1404 relative to its
respective wheel arm 1402 to thereby move the gun
targeting system 4000 from one location to another.
For example the drive system may be an electric motor
provided adjacent to the wheel 1404.
[0137] In examples where present, the autonomous
vehicle may also comprise a gun barrel 3000 having a
barrel axis 3020. As shown in figures 34 to 36, the barrel
3000 is mounted to the chassis 1200 by a pivot mount
3040, the barrel 3000 being pivotable relative to the x-
axis about a pivot axis 3100 aligned with (e.g. parallel to)
the y-axis. That is to say, the barrel 3000 is pivotable
relative to the x-axis about a pivot axis 3100 aligned with
(e.g. parallel to) the y-axis and mounted such that it is
constrained to move in a plane defined by the x-axis and
z-axis. Put another way, the barrel 3000 is pivotable
relative to the x-axis about a pivot axis 3100 aligned with
(e.g. parallel to) the y-axis, and the barrel 3000 is
mounted to the chassis 1200, directly or indirectly, such
that it is constrained to move in a plane defined by the x-
axis and z-axis. That is to say, while the barrel 3000 may
be pivotable relative to the x-axis about a pivot axis 3100
alignedwith (e.g. parallel to) the y-axis, it is non-rotatable
about the z-axis. Put another way, the barrel 3000 is
limited to pivot relative to the x-axis about a pivot axis
3100 aligned with (e.g. parallel to) the y-axis, and
mounted to the chassis 1200 (e.g. directly or indirectly)
so that it cannot be swung around the z-axis.
[0138] Hence the vehicle may be provided as a gun
targeting system 4000 by virtue of the way in which the
gun barrel 3000 is mounted and the chassis suspension
system 1400.
[0139] The suspension system is configured such that
theautonomousvehicle towhich it is provided isoperable
toposition thebarrel 3000 towardsanorientation to target
an object by pivoting one ormore of thewheel arms 1402
relative to the chassis 1200 and/or by pivoting one or
more wheels 1404 relative to its respective wheel arm
1402 and/or by rotating one ormorewheels 1404 relative
to its respective wheel arm 1402.
[0140] The autonomous vehicle may further comprise
a control system 1600 operable to control the wheel arm
actuators 1430 to roll the chassis 1200 about the x-axis,
pitch the chassis 1200 about the y-axis and/or yaw the
chassis 1200about the z-axis to orientate (e.g. angle) the
chassis 1200.Hence the control system1600 is operable
to control the suspension 400 position and orientate the
autonomous vehicle as required to deliver/receive am-
munition subcomponents. In examples comprising a

barrel 3000, the control system 1600 is thus operable
to control the suspension 400 position the barrel 3000
relative to a target.
[0141] Additionally or alternatively the control system
1600 may be operable to control the wheel mounting
member actuators 1440 to pivot each wheel 1404 about
the wheel mount pivoting axis 1432, and each wheel
mounting member actuator 1440 is operable (e.g. con-
trollable) independently of the other wheel mounting
member actuators 1440.
[0142] The gun barrel 3000 may be coupled to a gun
barrel actuator 1340operable topivot thegunbarrel 3000
about the pivot axis 3100, the control system 1600 being
operable to control the gun barrel actuator 1340 to pivot
the gun barrel 3000 about the pivot axis 3100.
[0143] Each actuator (i.e. each of the wheel arm ac-
tuators 1430, wheel mounting member actuators 1440
and gun barrel actuator 1340) may be operable (e.g.
controllable) independently of each other actuator.
[0144] The control system 1600 may be operable to
control the wheel arm actuators 1430, wheel mounting
member actuators 1440, and (in examples where pre-
sent) the gun barrel actuator 1340 to position the barrel
3000 to target an object. For example, the control system
1600may be operable to control thewheel arm actuators
1430, wheel mounting member actuators 1440, and (in
exampleswhere present) the gun barrel actuator 1340 to
position the barrel 3000 to target an object in response to
a command from a user to target an object and/or in
response to receipt of datawhich identifiesand/or locates
a target, and/or in response to sensing and/or identifying
a target. Additionally or alternatively, the control system
1600 may be operable to control the drive system to
thereby drive the or eachwheel 1404 tomove the vehicle
from one location to another (for example to get closer to
a target, achieve a desired position relative to a target
and/or to rendezvous with a system for reloading the
vehicle with ammunition components).
[0145] The vehicle may be operated according to a
method comprising the steps of controlling the wheel
drive system to transport the gun targeting system
4000 to a gun firing location, for example to arrive at a
location as shown in figure 31 and figure 34. If the gun
barrel 3000 is not positioned towards the target (e.g. its
elevation and traverse are not as required to deliver a
projectile from the barrel 3000 to the target), then the
wheel mounting member actuators 1440 and/or drive
system are controlled to position the barrel 3000 towards
an orientation to target the object (for example in figure
32,where the chassis 1200 is rotated, bywayof example,
around the z-axis relative to the orientation shown in
figure 30. Alternatively and/or additionally, the wheel
arm actuators 1430, wheel mounting member actuators
1440, and/or the gun barrel actuator 1340 may be con-
trolled to position the barrel 3000 towards an orientation
to target an object, for example as shown in figure 33.
Alternatively and/or additionally, the wheel arm actuators
1430, wheel mounting member actuators 1440, and/or
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thegunbarrel actuator 1340maybecontrolled toposition
the barrel 3000 towards an orientation to target an object
asshown in figure35or figure36,where thechassis 1200
is rotated, by way of example, around the y-axis relative
to the orientation shown in figure 34, and the barrel 3000
may be rotated about the pivot axis 3100.
[0146] The method may further comprise the step of
operating the gun to fire a projectile only when the gun
barrel 3000 is in a plane defined by the x-axis and z-axis.
In the example shown the gun barrel 3000 is always in a
plane defined by the x-axis and z-axis (e.g. it is con-
strained to pivot about a pivot axis 3100 parallel to the y-
axis) and mounted to the chassis 1200 (e.g. directly or
indirectly) so that it cannot be swungaround the z-axis. In
other examples, the gun barrel may have stowed/travel
orientation, and is aligned in a plane defined by the x-axis
and z-axis prior to firing.
[0147] Coarse steering is achieved by repositioning
the vehicle on the wheels 1404 for example to achieve
a change in position between that shown in figure 32 and
figure 33. This could be achieved by driving forwards
and/or backwards. In other examples, not shown, this
may utilize amechanismwhichwould allow the vehicle to
rotateon thespot (e.g. about thez-axis).Suchpositioning
achieves a reasonable level of accuracy but, on rough
terrain in particular, may not reliably achieve the required
alignment for targeting a the gun barrel 3000 or for
aligning with a ammunition subcomponent delivery sys-
tem.
[0148] Fine traverse is achieved by manipulating the
wheel arms and suspension once the vehicle is parked.
Accordingly, the wheel arms are constructed so that the
wheels can be moved towards/away from the vehicle
chassis independently on all sides then the chassis
can be rotated relative to the wheel position to achieve
fine pointing of (for example <1mm). This is illustrated by
the change in wheel arm position between figure 29 and
figure 30, the change in wheel arm position between
figure 32 and figure 33, and/or between the change in
wheel arm position between figure 9 and figures 35
and/or 36.
[0149] In someexamples rotationabout they-axis (e.g.
pitchaxis 1212)mayachieve themajorityof theanglingof
the barrel 3000, and the gun barrel actuator may be
configured to pivot up to 10 degrees for "fine tuning" of
the gun barrel position.
[0150] In some examples, when the barrel 3000 is at a
"low angle" (for example between 0 degrees and about
30 degrees to the x-axis, all the wheel arms may be
pivoted to lower the chassis 1200 close to the ground,
minimising the overturning moment and increasing sta-
bility, thereby reducing the risk of tipping.
[0151] Figures 1, 2 show a first example of a system
100 for providing ammunition subcomponents to an
autonomous vehicle, according to the present disclo-
sure.
[0152] Thesystem100shown in figures1, 2 comprises
a first autonomous vehicle 300 configured to carry am-

munition subcomponents 400, 402, 403, 404. The first
autonomous vehicle 300 comprises an ammunition sub-
component receiving system 302.
[0153] The system 100 further comprises an ammuni-
tion subcomponent loading apparatus 200. The ammu-
nition subcomponent loading apparatus 200 comprises
an ammunition subcomponent loading system 202 con-
figured for loading the first autonomous vehicle 300 with
the ammunition subcomponents 400, 402, 403, 404 via
the ammunition subcomponent receiving system 302.
The ammunition subcomponent loading apparatus 200
further comprises a housing 204 inwhich the ammunition
subcomponent loading system 202 is located.
[0154] The housing 204 defines a vehicle loading bay
206. The housing 204 defines an opening 208 (for ex-
ample a doorway) having a width Wh.
[0155] The first autonomous vehicle 300 of the exam-
ples of figures 1, 2 may comprise the chassis 1200 and
chassis suspension system 1400 as described above
and as shown in figures 29 to 36. Details of the chassis
1200 and chassis suspension system 1400 are omitted
from figures 1, 2.
[0156] As illustrated in figures 29 to 36, the chassis
1200of thefirst autonomousvehicle 300comprisesafirst
wheel arm 1402 which extends from a first side 1206 of
the vehicle chassis 1200, and a second wheel arm 1402
which extends from a second side 1208 of the vehicle
chassis 1200, the first side 1206 being spaced apart from
the second side 1208 by the width of the vehicle chassis
1200. A first end of the first wheel arm 1402 may be
coupled to the chassis 1200 by a chassis mount 1220. A
secondendof the firstwheel arm1402maybe coupled to
a first wheel 1404‑1. A first end of the second wheel arm
1402 may be coupled to the chassis 1200 by a chassis
mount 1220.A secondendof the secondwheel arm1402
may be coupled to a second wheel 1404‑2.
[0157] As illustrated in figure 2, each wheel 1404 has
an inwardly facing surface 1470 and an outwardly facing
surface1472 (i.e.when thewheels 1404‑01, 1401‑02are
alignedwith a longitudinal axis (e.g. the x-axis) of the first
autonomousvehicle300).Asshown infigure2 theoverall
width Wv1, Wv2 of the vehicle is defined by the distance
between the respective outwardly facing surfaces 1472
of the wheels.
[0158] As illustrated in figure 2, the chassis mounts
1220 and wheel arm to wheel couplings may be config-
ured such that in a first configuration the overall width
Wv1 of the first autonomous vehicle 300 has a first value
which isgreater than thewidthWhof thehousingopening
208.
[0159] The chassis mounts 1220 and wheel arm to
wheel couplingsmay be configured such that in a second
configuration the overall width Wv2 of the first autono-
mous vehicle 300 has a second value, which is less than
the first value and less than the width Wh of the housing
opening 208 so as to enable the first autonomous vehicle
300 to enter the housing 204.
[0160] The first configuration (in which the wheels
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1404 are spaced apart further than in the second con-
figuration) provides extra stability to the vehicle during
transit (and, where present, firing of the weapon).
[0161] The housing 204 may be provided as an iso-
container. In such an example, the opening 208 may be
defined by a doorway/hatch 210 of the iso container.
[0162] The ammunition subcomponent loading appa-
ratus200maybeconfiguredasa transport vehicle and/or
vessel for the first autonomousvehicle 300.That is to say,
the ammunition subcomponent loading apparatus 200
may be configured as means of delivery of the autono-
mous vehicle to a location. For example the housing 204
maybe transportedbyanother vehicle anddepositedat a
chosen location.
[0163] The ammunition subcomponent loading appa-
ratus 200 may comprise an electrical charge apparatus
for recharging a battery provided on the first autonomous
vehicle 300. For example, in examples in which the
autonomous vehicle is electrically powered, the ammuni-
tion subcomponent loadingapparatus 200maycomprise
an electrical charge apparatus for recharging a battery
provided on the first autonomous vehicle 300 which
powers the first autonomous vehicle 300.
[0164] Common to all examples herein disclosed, the
ammunition subcomponents 400, 402, 403 may com-
prise a charge unit 402 and/or a stub case charge unit
403. A charge unit 402 contains an explosivematerial for
displacing a projectile. A stub case charge unit 403 con-
tains an explosive material for displacing a projectile and
an ignition system for triggering the explosive material.
Hence tofire, aprojectilemustbecombinedwithat least a
stubcasechargeunit 403. If additional range isneeded, a
projectile must be combined with at least a stub case
charge unit 403 and one or more charge units 402.
[0165] Although not shown in figures 1, 2, the first
autonomous vehicle 300 may comprise a gun barrel
3000 having a barrel axis 3002, the barrel 3000 being
mounted to the chassis 1200 by a pivot mount 3004, the
barrel 3000 being pivotable relative to the x-axis about a
pivot axis 3100 alignedwith the y-axis andmounted such
that it is constrained to move in a plane defined by the x-
axis and z-axis.
[0166] Theammunitionsubcomponent loadingsystem
202 may comprise a charge unit loading system 500
and/or a stub case charge unit loading system 530 (ex-
amples of which are illustrated in figures 19 to 28).
[0167] The ammunition subcomponent receiving sys-
tem 302 of the first autonomous vehicle 300 may com-
prise a charge unit receiving system 600 and/or a stub
case charge unit receiving system 630.
[0168] The charge unit loading system 500 may be
configured to couple to and deliver the charge unit 402
to the charge unit receiving system 600 of the first auton-
omous vehicle 300.
[0169] The stub case charge unit loading system 530
may be configured to couple to and deliver the stub case
charge unit 403 to the stub case charge unit receiving
system 630 of the first autonomous vehicle 300.

[0170] The ammunition subcomponent receiving sys-
tem 302 of the first autonomous vehicle 300 may further
comprise a charge unit storage system 650 operable to
receive the chargeunit 402 from thechargeunit receiving
system 600 of the first autonomous vehicle 300 so the
charge unit 402 can be carried by the first autonomous
vehicle 300.
[0171] Additionally or alternatively, the ammunition
subcomponent receiving system 302 of the first autono-
mous vehicle 300 may comprise a stub case charge unit
storage system 652 operable to receive the stub case
charge unit 403 from the stub case charge unit receiving
system 630 of the first autonomous vehicle 300 so the
stub case charge unit 403 can be carried by the first
autonomous vehicle 300.
[0172] The ammunition subcomponents 400, 404may
compriseaprojectile unit 404.Theprojectile unit 404may
comprise a housing which retains/carries/houses explo-
sive material (for example high explosive) or material
configured for providing illumination. The ammunition
subcomponent loading system 202 may comprise a pro-
jectile unit loading system550, 1550, (examples of which
are illustrated in figures 10 to 18). The ammunition sub-
component receiving system 302 of the first autonomous
vehicle 300 may comprise a projectile unit receiving
system 700.
[0173] The projectile unit loading system 550, 1550
may be configured to couple to and deliver a projectile
unit 404 to the first autonomousvehicle 300projectile unit
receiving system 700. The first autonomous vehicle 300
may further comprises a projectile unit storage system
750 operable to receive a projectile unit 404 from the first
autonomous vehicle 300 projectile unit receiving system
700, for example to store the projectile unit 404 until
needed for use by systems on the first autonomous
vehicle 300.
[0174] The charge unit 402, stub case charge unit 403
and projectile unit 404 may be configured to be coupled
together to form a live projectile ready for firing by a
weapon, where the vehicle 300 may comprise a weapon
for firing the projectile. The combination of the projectile
and charge systemmay occur within the gun chamber (in
examples where a gun is provided. That is to say, charge
unit 402, stub case chargeunit 403andprojectile unit 404
may be co-loaded as separate subcomponents to the
gun chamber and combined therein.
[0175] During operation of the system of figures 1, 2,
the first autonomous vehicle 300 is operated to control
the wheel drive system to transport the first autonomous
vehicle 300 to rendezvous with the ammunition subcom-
ponent loading apparatus 200. Then the wheel arm ac-
tuators 1430, wheel mounting member actuators 1440
and/or drive system are controlled to position the first
autonomous vehicle 300 relative to the ammunition sub-
component loading apparatus 200 such that the ammu-
nition subcomponent receiving system 302 of the first
autonomous vehicle 300 is aligned to receive the ammu-
nition subcomponent 400 from the ammunition subcom-
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ponent loading system 202.
[0176] Theammunitionsubcomponent loadingsystem
202 is then operated to deliver the ammunition subcom-
ponent to the ammunition subcomponent receiving sys-
tem 302 of the first autonomous vehicle 300.
[0177] Figures 3 to 6 show a second example 102 of a
system 100 for providing ammunition subcomponents to
an autonomous vehicle, according to the present disclo-
sure.
[0178] The system 100 shown in figures 3 to 6 com-
prises a first autonomous vehicle 300 configured to carry
ammunition subcomponents 400, 402, 403, 404.Thefirst
autonomous vehicle 300 of this example also comprises
an ammunition subcomponent receiving system 302.
[0179] The system 100 shown in figures 3 to 6 further
comprises a secondautonomous vehicle 800 comprising
an ammunition subcomponent loading system 202 con-
figured for loading the first autonomous vehicle 300 with
the ammunition subcomponents 400, 402, 403, 404 by
delivering the ammunition subcomponents 400, 402,
403, 404 to the ammunition subcomponent receiving
system 302.
[0180] The first autonomous vehicle 300 and/or the
second autonomous vehicle 800 of the examples of
figures3 to 6maycomprise the chassis 1200and chassis
suspension system 1400 as described above and as
shown in figures 29 to 36. The details of the chassis
1200 and chassis suspension system 1400 are omitted
from figures 3 to 6.
[0181] Hence the chassis suspension system 1400 of
the first autonomous vehicle 300 may be operable to
position the chassis 1200 of the first autonomous vehicle
300 relative to the second autonomous vehicle 800 such
that the ammunition subcomponent receiving system
302 of the first autonomous vehicle 300 is aligned to
receive the ammunition subcomponent 400 from the
ammunition subcomponent loading system 202 of the
second autonomous vehicle 800. This alignment may be
achievable by pivoting one or more wheel arms 1402
relative to the chassis 1200 and/or by pivoting one or
more wheels 1404 relative to its respective wheel arm
1402 and/or by rotating one ormorewheels 1404 relative
to its respective wheel arm 1402.
[0182] Additionally or alternatively, the chassis sus-
pension system 1400 of the second autonomous vehicle
800 may be operable to position the chassis 1200 of the
second autonomous vehicle 800 such that the ammuni-
tion subcomponent receiving system 302 of the first
autonomous vehicle 300 is aligned to receive the ammu-
nition subcomponent 400 from the ammunition subcom-
ponent loading system 202 of the second autonomous
vehicle 800. The alignment may be achievable by pivot-
ing one or more wheel arms 1402 relative to the chassis
1200and/or by pivotingoneormorewheels 1404 relative
to its respectivewheel arm1402and/or by rotating one or
more wheels 1404 relative to its respective wheel arm
1402.
[0183] Although not shown in figures 3 to 6, the first

autonomousvehicle300maycompriseagunbarrel 3000
having a barrel axis 3002, the barrel 3000 beingmounted
to the chassis 1200 by a pivot mount 3004, the barrel
3000 being pivotable relative to the x-axis about a pivot
axis 3100alignedwith the y-axis andmounted such that it
is constrained to move in a plane defined by the x-axis
and z-axis.
[0184] Theammunitionsubcomponent loadingsystem
202 of the second autonomous vehicle 800 may com-
prise a chargeunit loading system500and/or a stub case
charge unit loading system 530 (examples of which are
illustrated in figures 19 to 28).
[0185] The ammunition subcomponent receiving sys-
tem 302 of the first autonomous vehicle 300 may com-
prise a charge unit receiving system 600 and/or a stub
case charge unit receiving system 630.
[0186] The charge unit loading system 500 may be
configured to couple to and deliver the charge unit 402
to the charge unit receiving system 600 of the first auton-
omous vehicle 300.
[0187] The stub case charge unit loading system 530
may be configured to couple to and deliver the stub case
charge unit 403 to the stub case charge unit receiving
system 630 of the first autonomous vehicle 300.
[0188] The ammunition subcomponent receiving sys-
tem 302 of the first autonomous vehicle 300 may further
comprise a charge unit storage system 650 operable to
receive the chargeunit 402 from thechargeunit receiving
system 600 of the first autonomous vehicle 300 so the
charge unit 402 can be carried by the first autonomous
vehicle 300.
[0189] Additionally or alternatively the ammunition
subcomponent receiving system 302 of the first autono-
mous vehicle 300 may further comprise a stub case
charge unit storage system 652 operable to receive
the stub case charge unit 403 from the stub case charge
unit receiving system 630 of the first autonomous vehicle
300so thestubcasechargeunit 403canbecarriedby the
first autonomous vehicle 300.
[0190] Theammunitionsubcomponent loadingsystem
202 of the second autonomous vehicle 800 may com-
prises a projectile unit loading system 550, 1550. The
ammunition subcomponent receiving system 302 of the
first autonomous vehicle 300 may comprises a projectile
unit receiving system 700.
[0191] The projectile unit loading system 550, 1550
may be configured to couple to and deliver a projectile
unit 404 to the first autonomousvehicle 300projectile unit
receiving system 700, (examples of which are illustrated
in figures10 to18). Thefirst autonomousvehicle300may
further comprise a projectile unit storage system 750
operable to receive a projectile unit 404 from the first
autonomous vehicle 300 projectile unit receiving system
700, for example to store the projectile unit 404 until
needed for use by systems on the first autonomous
vehicle 300.
[0192] During operation of the system of figures 3 to 6
the wheel drive system of the first autonomous vehicle
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300 and/or second autonomous vehicle 800 are control-
led/operate to transport to rendezvous with the other of
the first autonomous vehicle 300 and/or second auton-
omous vehicle 800.
[0193] As illustrated in figure 6, the wheel arm actua-
tors 1430, wheel mounting member actuators 1440 an-
d/or drive system are then controlled to position the first
autonomous vehicle 300 and second autonomous vehi-
cle 800 relative to one another such that the ammunition
subcomponent receiving system 302 of the first autono-
mous vehicle 300 is aligned to receive the ammunition
subcomponent 400 from the ammunition subcomponent
loading system 202 of the second autonomous vehicle
800.
[0194] Anexample of a chargeunit loading system500
for use with the example of figures 1, 2 and/or the ex-
ample of figures 3 to 6 is illustrated in figures 19 to 22.
That is to say, figures 19 to 22 illustrate an example of a
charge unit loading system500whichmay beprovided in
theexampleof figures1, 2and/or theexampleof figures3
to 6.
[0195] As will be appreciated, the charge unit loading
system 500 is illustrated with a housing in figures 19, 20,
with part of the housing removed in figure 19 to show the
internal configuration of the charge unit loading system
500. The housing is not shown in figures 21, 22.
[0196] The charge unit loading system 500 may com-
prise a charge unit storage section 502. The charge unit
storage section 502 may comprise a charge unit guide
track 504 that defines a charge unit guide path 506 and is
configured to retain a charge unit 402, such that the
charge unit 402 is stored in the charge unit storage
section 502.
[0197] The charge unit loading system500may further
comprise a charge unit conveyor system 508 for moving
the charge unit 402 along the charge unit guide track 504
to a charge unit delivery section 510. The charge unit
delivery section 510 may be configured to receive the
charge unit 402 from the charge unit conveyor system
508 for delivery to the chargeunit receiving system600of
the first autonomous vehicle 300.
[0198] The charge unit loading system500may further
comprise a stub case charge unit storage section 532
which comprises a stub case charge unit guide track 534
that defines a stub case charge unit guide path 536and is
configured to retain a stub case charge unit 403 such that
the stub case charge unit 403 is stored in the stub case
charge unit storage section 532.
[0199] The charge unit loading system500may further
comprise a stub case charge unit conveyor system 538
for moving the stub case charge unit 432 along the stub
case charge unit guide track 534 to a stub case charge
unit delivery section 540. The stub case charge unit
delivery section 540 may be configured to receive the
stub case charge unit 403 from the stub case charge unit
conveyor system538 for delivery to the stub case charge
unit receiving system 630 of the first autonomous vehicle
300.

[0200] Illustrated in figures 23 to 25 is charge unit
loading system 500 which comprises the features de-
scribed in relation to the example shown in figures 19 to
22.
[0201] That is to say, figures 23 to 25 illustrate an
alternative example of a charge unit loading system
500 which may be provided in the example of figures
1, 2 and/or the example of figures 3 to 6.
[0202] As will be appreciated, the charge unit loading
system500of figures23 to25 is illustratedwithahousing,
althoughpart of thehousing removed to show the internal
configuration of the charge unit loading system 500.
[0203] The charge unit loading system 500 of figures
23 to 25 further comprises a plurality of charge unit
storage compartments 516, each of the plurality of sto-
rage compartments 516 configured to retain one or more
charge units 402.
[0204] A section of the charge unit conveyor system
508 may be provided in each storage compartment 516
and said section configured for moving the charge unit
402 in eachstorage compartment 516 toenter the charge
unit guide track 504.
[0205] The stub case charge unit storage section 532
may further comprise a plurality of stub case charge unit
storage compartments 546, each of the plurality of stub
case charge storage compartments 546 configured to
retain one or more stub case charge units 403.
[0206] A section of the stub case charge unit conveyor
system 538 may be provided in each stub case charge
storagecompartment 546andsaid section configured for
moving the stub case charge unit 403 in each stub case
charge storage compartment 546 to enter the stub case
charge unit guide track 534.
[0207] In both examples of the charge unit loading
system 500 shown in figures 19 to 22 and figures 23 to
25, the charge unit delivery section 510 comprises a
plurality of chutes which each terminate with charge unit
outlet port 512, each fed from the charge unit conveyor
system 508.
[0208] The vehicle charge unit receiving system 600
comprises a plurality of charge unit inlet ports 514 ar-
ranged in the same configuration as the charge outlet
ports 512 andoperable to be in alignmentwith the charge
outlet ports 512 for receiving the charge unit 402 from the
charge unit loading system 500.
[0209] The stub case charge unit delivery section 540
may comprise a plurality of chutes which each terminate
with stub case charge unit outlet ports 542 each fed from
the stub case charge unit conveyor system 538.
[0210] The vehicle stub case charge unit receiving
system 630may comprise a plurality of stub case charge
unit inlet ports 544 arranged in the same configuration as
the stub case chargeunit outlet ports 542 andoperable to
be in alignmentwith the stub case charge outlet ports 542
for receiving the stub case charge unit 403 from the stub
case charge unit loading system 530.
[0211] In both examples of the charge unit loading
system 500 shown in figures 19 to 22 and figures 23 to
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25, the charge unit guide track 504 and stub case charge
unit guide track 534 may be arranged parallel to one
another. As shown in the figures, the stub case charge
unit guide track 534 may be positioned on top of the
charge unit guide track 504. In other examples the stub
case charge unit guide track 534 may be positioned
below or to the side of the charge unit guide track 504.
[0212] The conveyor system 508 (and other conveyor
systems referred to in the present disclosure) may be of
any suitable configuration. The conveyor systems may
comprise wheels arranged to push the ammunition sub-
components along the respective guide path. The con-
veyor systems may comprise a guided pushing chain in
various orientations to push the ammunition subcompo-
nents along the respective guide path.
[0213] An example of a projectile unit loading system
550 for use with the example of figures 1, 2 and the
example of figures 3 to 6 is illustrated in figures 10 to
13. That is to say, figures 10 to 13 illustrate an example of
a projectile unit loading system 550 which may be pro-
vided in the example of figures 1, 2 and/or the example of
figures 3 to 6.
[0214] In this example the projectile unit loading sys-
tem 550 comprises (i.e. defines) a storage cavity 552
configured to support the projectile unit 404 in a first
orientation (for example vertical, as shown in figures
10, 12, 13 or at an angle to the vertical as shown in figure
11, for example up to 45 deg from the vertical). This
arrangement which allows for projectiles to be angled
enables a range of lengths of projectiles to be accom-
modated in the cavity 552.
[0215] The projectile unit loading system 550 may
further comprise a delivery unit 554 configured to receive
the projectile unit 404 in a first orientation and rotate it to
be in a second orientation (for example horizontal) for
delivery to the first autonomous vehicle 300projectile unit
receiving system 700.
[0216] The projectile unit loading system 550 may
further comprise a conveyor 558 formoving the projectile
unit 404 from the storage cavity 552 to the delivery unit
554.
[0217] As shown in figure 10, the projectile unit loading
system550may further comprise a plurality of conveyors
558, arranged parallel to one another, for moving the
projectile unit 404 from the storage cavity 552 to the
delivery unit 554.
[0218] The projectile unit loading system 550 may
further comprise a projectile guide structure 553 config-
ured to support the projectile unit in the first orientation as
it ismoved from the storage cavity 552 to the delivery unit
554. As illustrated in figure 10, the projectile guide struc-
ture 553 may be provided as a set of parallel guide
members 551 parallel to and spaced apart from the
respective conveyor 558. Hence a projectile unit 404 is
supported at its base by the conveyor 558 and along its
length by one of more rows of guide members 551.
[0219] The delivery unit 554 may comprise a support
arm 556 configured to receive and retain the projectile

unit 404 in the first orientation. The support arm 556may
also be configured to pivot from the first orientation to the
second orientation. The support arm 556 may also be
configured to,when in the secondorientation, release the
projectile unit 404 so the projectile unit 404 is delivered to
the projectile unit receiving system 700 of the vehicle.
[0220] The support arm556may also be configured to,
when in the second orientation, release the projectile unit
404 so the projectile unit 404 is delivered to the projectile
unit receiving system 700 of the vehicle.
[0221] The delivery unit 554 may comprise a rail 557
arranged perpendicular to the direction of the conveyor
558 so that the support arm 556 may be aligned with the
end of each of the conveyors 558. The delivery unit 554
may comprise an actuator to move the support arm 556
on the rail 557.
[0222] Thearrangement of this exampleenablesmulti-
ple projective unit types to becarried in the samevehicle -
for example of different sizes and capability may be
carried on adjacent conveyors 558.
[0223] An example of a projectile unit loading system
1550 for use with the example of figures 1, 2 and the
example of figures 3 to 6 is illustrated in figures 14 to 18.
That is to say, figures 14 to 18 illustrate an alternative
example of a projectile unit loading system 1550 which
may be provided in the example of figures 1, 2 and/or the
example of figures 3 to 6.
[0224] In this example the projectile unit loading sys-
tem 1550 may comprise a storage cavity 1552 which
defines a longitudinal axis 1553 along the length of the
storage cavity 1553. The storage cavity 1552 may com-
prise a mount 1560 configured to support and retain the
projectile unit 404 parallel to the longitudinal axis 1553
(for example horizontal) at a mount position within the
storage cavity 1552.
[0225] There may be provided a plurality of mounts
1560, which may be provided as lines of spaced apart
spring clips, each line of spring clips being parallel to and
spaced apart froman adjacent line of clips. The clipsmay
be configurable to allow different length, shape and
weight of projectile. The clips may be spring clips.
[0226] The storage cavity 1552 may be defined by a
housing 1551. As shown in the figures, the housing 1551
may be arcuate.
[0227] The projectile unit loading system 550 may
further comprise a delivery unit 1554 configured to retain
the projectile unit 404 parallel to the longitudinal axis
1553. The delivery unit 1554 may also be configured to
retrieve the projectile unit 404 from the mount 1560. For
example, thedelivery unit 1554mayalsobeconfigured to
retrieve the projectile unit 404 from themount 1560whilst
retaining the projectile unit 404 parallel to the longitudinal
axis 1553.
[0228] The delivery unit 1554 may also be configured
to convey the projectile unit 404 from the mount position
to a delivery position in the storage cavity 1552 for
delivery to the first autonomous vehicle 300 projectile
unit receiving system 700.
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[0229] The delivery unit 1554 may comprise a support
arm 1556 configured to receive and retain the projectile
unit 404 parallel to the longitudinal axis 1553, a guide
track 1562 which extends along the at least part of the
length of the storage cavity 1552 parallel to the long-
itudinal axis 1553 and which extends to the delivery
position and an actuator 1564 operable to move the
support arm 1556 from the mount position to the delivery
position.
[0230] The support arm 1556 may be mounted to the
guide track1562viaasupport unit 1558.Thesupport arm
1556 is mounted to the support unit 1558 such that it is
operable to retain the projectile unit 404 parallel to the
longitudinal axis 1553. The support arm 1556 ismounted
to the support unit 1558 such that it is operable to retain
the projectile unit 404 parallel to the longitudinal axis
1553 while moving the projectile unit 404. The support
arm 1556may bemounted to the support unit 1558 such
that it is operable to withdraw the projectile unit 404 from
the mount 1560, and pivot about a rotational axis 1566
parallel to the direction of the guide track 1562 to align the
projectile unit 404with the vehicle delivery position whilst
retaining the projectile unit 404 parallel to the longitudinal
axis 1553.
[0231] In the example of figures 3 to 6, in which the
second autonomous vehicle 800 is provided with the
projectile unit loading system 550 or the projectile unit
loading system 1550, the vehicle may be provided with a
loading chute 559 which the support arm 556 aligns with
to deliver the projectile unit 404 to the first autonomous
vehicle 300.
[0232] In the example of figures 26 to 28, in which the
autonomous delivery vehicle 900 is provided with the
projectile unit loading system 550 or the projectile unit
loading system 1550, the vehicle may be provided with a
loading chute 559 which the support arm 556 aligns with
to deliver the projectile unit 404 to the first autonomous
vehicle 300.
[0233] Figures 26 to 28 show a third example 104 of a
system 100 for providing ammunition subcomponents to
an autonomous vehicle, according to the present disclo-
sure.
[0234] The system 100 shown in figures 26 to 28
comprises an autonomous delivery vehicle 900 compris-
ing an ammunition subcomponent loading system 202
configured for delivering an ammunition subcomponent
pack 450 to a target object 380 (for example the first
autonomous vehicle 300 or another target. The ammuni-
tion subcomponent pack450 is operable for storageof an
ammunition subcomponent 400.
[0235] The autonomous delivery vehicle 900 may
further comprising an ammunition subcomponent pack
engagement support region 904 for locating (i.e. seating)
the ammunition subcomponent pack 450 on the auton-
omous delivery vehicle 900. The autonomous delivery
vehicle 900 may comprise a lifting arm 902 comprising a
grip 906.
[0236] The lifting arm 902may be configured to couple

to the ammunition pack 450 on the autonomous delivery
vehicle 900 using the grip 906, lift the ammunition pack
450 from the ammunition subcomponent pack engage-
ment support region 904 and deposit it on the target
object 380
[0237] Additionally or alternatively the lifting arm 902
may be configured to couple to an ammunition pack 450
on the target object 380 using the grip 906, lift it from the
target object 380 and deposit the ammunition pack 450
on the ammunition subcomponent pack engagement
support region 904 on the autonomous delivery vehicle
900.
[0238] The autonomous delivery vehicle 900 of the
examples of figures 26 to 28 may comprise the chassis
1200 and chassis suspension system 1400 as described
above and as shown in figures 29 to 36. The details of the
chassis 1200 and chassis suspension system 1400 are
omitted from figures 26 to 28.
[0239] The chassis suspension system 1400 of the
autonomous delivery vehicle 900 is operable to position
the chassis 1200 of the autonomous delivery vehicle 900
relative to a target object 380 so that the grip 906 is
operable to reach between the autonomous delivery
vehicle 900 and the target object 380, the alignment
achievable by pivoting one or more wheel arms 1402
relative to the chassis 1200 and/or by pivoting one or
more wheels 1404 relative to its respective wheel arm
1402 and/or by rotating one ormorewheels 1404 relative
to its respective wheel arm 1402.
[0240] The lifting arm 902may be configured to couple
to the target object 380.Theautonomousdelivery vehicle
900 may be operable to apply a force to move the target
object 380. That is to say, the autonomous delivery
vehicle 900 may be operable to apply a force to lift,
position and/or tow the target object 380.
[0241] The target object may be a first autonomous
vehicle 300 configured to carry an ammunition subcom-
ponent 400 and/or plurality of ammunition subcompo-
nents 400, and may comprise an ammunition subcom-
ponent receiving system 302. The lifting arm 902may be
configured to deposit the ammunition pack 450 on the
ammunition subcomponent receiving system 302.
[0242] The first autonomous vehicle 300 of the exam-
ples of figures 26 to 28 may comprise the chassis 1200
and chassis suspension system 1400 as described
above and as shown in figures 29 to 36. The details of
the chassis 1200 and chassis suspension system 1400
are omitted from figures 26 to 28.
[0243] Thechassis suspension system1400of the first
autonomous vehicle 300 is operable to position the chas-
sis 1200 of the first autonomous vehicle 300 relative to
the autonomous delivery vehicle 900 such that the am-
munition subcomponent receiving system 302 of the first
autonomous vehicle 300 is aligned to receive the ammu-
nition pack 450 from the lifting arm 902 of the autono-
mous delivery vehicle 900. The alignment achievable by
pivoting one or more wheel arms 1402 relative to the
chassis 1200and/orbypivotingoneormorewheels 1404
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relative to its respective wheel arm 1402 and/or by rotat-
ing one or more wheels 1404 relative to its respective
wheel arm 1402.
[0244] Although not shown in figures 29 to 36 the first
autonomousvehicle300maycompriseagunbarrel 3000
having a barrel axis 3002, the barrel 3000 beingmounted
to the chassis 1200 by a pivot mount 3004, the barrel
3000 being pivotable relative to the x-axis about a pivot
axis 3100alignedwith the y-axis andmounted such that it
is constrained to move in a plane defined by the x-axis
and z-axis.
[0245] During operation of the system of figures 29 to
26 the wheel drive systemmay be controlled to transport
the autonomous delivery vehicle 900 to rendezvous with
the target object 380.
[0246] Thewheel armactuators 1430,wheelmounting
member actuators 1440and/or drive systemmay thenbe
controlled to position the autonomous delivery vehicle
900 relative to the target object 380 such that that the grip
906 is operable to reach between autonomous delivery
vehicle 900 and the target object 380.
[0247] The system of figures 29 to 36may be operated
to couple to theammunition pack450on theautonomous
delivery vehicle 900 using the grip 906, lifting the ammu-
nitionpack450 from theammunitionsubcomponent pack
engagement support region 904 and deposit the ammu-
nition pack 450 on the target object 380.
[0248] The system of figures 29 to 36may be operated
to couple to an ammunition pack 450 on the target object
380 using the grip 906, lift the ammunition pack 450 from
the target object 380 and deposit the ammunition pack
450 on the ammunition subcomponent pack engage-
ment support region 904 on the autonomous delivery
vehicle 900.
[0249] The system of figures 29 to 36may be operated
to couple the lifting arm 902 to the target object 380. The
autonomous delivery vehicle 900may then be controlled
to applying a force to move the target object 380 (for
example lift, position and/or tow the target object 380).
[0250] Figures 7 to 9 show a fourth example 106 of a
system 100 for providing ammunition subcomponents to
an autonomous vehicle, according to the present disclo-
sure.
[0251] The system 100 shown in figures 7 to 9 com-
prises a system 100 comprising a first autonomous ve-
hicle 300 configured to carry an ammunition subcompo-
nent 400 and/or plurality of ammunition subcomponents
400, and the first autonomous vehicle 300 comprising an
ammunition subcomponent receiving system 302.
[0252] The system 100 of figures 7 to 9 further com-
prises an autonomous heavy lift drone air-vehicle 2000
comprising an ammunition subcomponent loading sys-
tem 2202 configured for loading the first autonomous
vehicle 300 with the ammunition subcomponent 400
and/or plurality of ammunition subcomponents 400 by
delivering the ammunition subcomponent 400 to the
ammunition subcomponent receiving system 302 of
the first autonomous vehicle 300.

[0253] In the example shown in figures 7 to 9, the
ammunition subcomponent 400 is provided as a projec-
tile unit 404. That is to say, the ammunition subcompo-
nent loading system 2202 of the autonomous heavy lift
drone air-vehicle 2000 may be configured for delivering
projectile units 404.
[0254] Theammunitionsubcomponent loadingsystem
2202 of the autonomous heavy lift drone air-vehicle 2000
may comprise a storage cavity 2552 configured to sup-
port and retain the ammunition subcomponent 400 (e.g.
horizontal) at a mount position within the storage cavity
2552.
[0255] Theammunitionsubcomponent loadingsystem
2202 of the autonomous heavy lift drone air-vehicle 2000
may further comprise a delivery unit 2554 configured to
retrieve the ammunition subcomponent 400 from the
mount position within the storage cavity 2552.
[0256] The delivery unit 2554 may be configured to
convey the ammunition subcomponent 400 from the
mount position to a delivery position in the storage cavity
2552 for delivery to the ammunition subcomponent re-
ceiving system 302 of the first autonomous vehicle 300.
[0257] The delivery unit 2554 may comprise a con-
veyor system2562 (for example linear chains) formoving
the ammunition subcomponent 400 along the storage
cavity 2552 for delivery to theammunition subcomponent
receiving system302of thefirst autonomousvehicle300.
[0258] Theammunitionsubcomponent loadingsystem
2202 of the autonomous heavy lift drone air-vehicle 2000
may comprise a housing 2204which defines a plurality of
storage cavities 2552, each configured to support and
retain an ammunition subcomponent 400 (e.g. horizon-
tally) at a mount position within the respective storage
cavity 2552.
[0259] The housing 2204 may be centred on and ro-
tatable about a rotational axis 2206 such that the delivery
position of each storage cavity 2552 is movable around
the rotational axis 2206 to be aligned, in turn, with the
ammunition subcomponent receiving system 302 of the
first autonomous vehicle 300.
[0260] The housing 2204 may be coupled to an index-
ing system (for example a rotary indexing system or
stepper motor) operable to control the rotation of the
housing 2204 about the rotational axis 2206.
[0261] The first autonomous vehicle 300 of the exam-
ples of figures 7 to 9may comprise the chassis 1200 and
chassis suspension system 1400 as described above
and as shown in figures 29 to 36. The details of the
chassis 1200 and chassis suspension system 1400
are omitted from figures 7 to 9.
[0262] Thechassis suspension system1400of the first
autonomous vehicle 300 is operable to position the chas-
sis 1200 of the first autonomous vehicle 300 relative to
the heavy lift drone air-vehicle 2000 such that the am-
munition subcomponent receiving system 302 of the first
autonomous vehicle 300 is aligned to receive the ammu-
nition subcomponent 400 from the ammunition subcom-
ponent loading system2202 of the autonomous heavy lift
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drone air-vehicle 2000.
[0263] Although not shown in figures 7 to 9, the first
autonomous vehicle 300 may comprises a gun barrel
3000 having a barrel axis 3002, the barrel 3000 being
mounted to the chassis 1200 by a pivot mount 3004, the
barrel 3000 being pivotable relative to the x-axis about a
pivot axis 3100 alignedwith the y-axis andmounted such
that it is constrained to move in a plane defined by the x-
axis and z-axis.
[0264] During operation of the system of figures 7 to 9,
the autonomous heavy lift drone air-vehicle 2000may be
controlled to fly to rendezvous with the first autonomous
vehicle 300.
[0265] Additionally or alternatively, the wheel drive
system may be controlled to transport the first autono-
mous vehicle 300 to rendezvous with the autonomous
heavy lift drone air-vehicle 2000.
[0266] Thewheel armactuators 1430,wheelmounting
member actuators 1440 and/or drive system may be
controlled to position the first autonomous vehicle 300
relative to theammunitionsubcomponent loadingsystem
2202 of the autonomous heavy lift drone air-vehicle 2000
such that the ammunition subcomponent receiving sys-
tem 302 of the first autonomous vehicle 300 is aligned to
receive the ammunition subcomponent 400 from the
ammunition subcomponent loading system 2202.
[0267] Hence there is provided a system which pro-
vides ammunition, or ammunition subcomponents, to an
autonomous vehicle operable as a gun system. The
system may be operable to provide ammunition direct
to vehicles with gun systems, or may load autonomous
delivery vehicles which transport ammunition to vehicles
with gun systems.
[0268] The examples set out in the present disclosure
enable ammunition subcomponents (e.g. charge units,
stub charge case units and projective units) to be deliv-
ered for assembly prior to use, where the assembly may
be an automated process executed by the gun system
vehicle.
[0269] Thesuspensionsystemofoneormoreofauton-
omous vehicles allow alignment between loading sys-
tems and receiving systems of the present disclosure. In
examples where the ammunition subcomponent loading
apparatus 200 comprises a housing 204, the suspension
system also enables an autonomous vehicle to enter the
housing 204.
[0270] In the examples in which an autonomous vehi-
cle is provided with a weapon system (eg configured as
thegun targeting system) the configuration of the present
disclosure enables a relatively lightweight vehicular so-
lution for delivering a weapon system to a firing position
and then targeting the gun of the weapon system, com-
pared to examples of the related art. This is achieved by
using thechassis suspensionsystem1400 toposition the
gun barrel towards a targeting position so that further
adjustment, if needed, is only for elevation of the gun
barrel, which may be done by a separate actuator or
manually. Hence, compared to a gun targeting system

of the related art, the traverse system of related art
solutions has been dispensed with. This has the advan-
tage that by reducing the number of different systems on
theplatform, the total platformcanbemade lighter, hence
more agile, faster, fuel efficient and overall more reliable
than examples of the related art.
[0271] A further advantageof the systemof thepresent
disclosure is that because the system is configured so
that the gun barrel cannot be swung about the z-axis, the
system is less likely to tip over during firing of the gun.
This is because while the width of the chassis 1200 may
have to be limited in order to allow for the gun targeting
system to be transported and/or suitably narrow to fit
through obstacles, the length of the chassis 1200may be
greater than the width of the chassis 1200 without jeo-
pardising the transportability of the gun targeting system
as a whole. Hence fixing the gun barrel relative to the
longitudinal axis of the chassis (i.e. the longest axis of the
chassis) provides maximum stability. Also since the
wheel arms and wheels may be extended forward and
aft of the chassis 1200 this provides extra stability during
the firing cycle.
[0272] 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 specifica-
tion, and the contents of all such papers and documents
are incorporated herein by reference.
[0273] 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, except
combinations where at least some of such features an-
d/or steps are mutually exclusive.
[0274] 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.
[0275] 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 accompany-
ing claims, abstract anddrawings), or to anynovel one, or
any novel combination, of the steps of any method or
process so disclosed.

Claims

1. A system comprising:

a first autonomous vehicle configured to carry
ammunition subcomponents and comprising an
ammunition subcomponent receiving system;
the system further comprising a second auton-
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omous vehicle comprising an ammunition sub-
component loading system configured for load-
ing the first autonomous vehicle with the ammu-
nition subcomponents by delivering the ammu-
nition subcomponents to the ammunition sub-
component receiving system.

2. A system as claimed in claim 1 wherein the first
autonomous vehicle and/or the second autonomous
vehicle comprise:

achassisextendingalonganx-axis, afirst endof
the chassis and a second end of the chassis
spaced apart from one another along the x-axis;
the chassis extending along a y-axis, a first side
of the chassis and a second side of the chassis
spaced apart from one another along the y-axis;
the x-axis being at right angles to the y-axis; the
x-axis defining a chassis roll axis, the y-axis
defining a chassis pitch axis and a z-axis defin-
ing a chassis yaw axis; the z-axis being perpen-
dicular to the x-axis and y-axis;
a chassis suspension system comprising a plur-
ality of wheel arms, each wheel arm extending
away from a different chassis mount on the
chassis to a respectivewheel, eachwheel being
rotatably mounted on its respective wheel arm,
each wheel configured for engagement with a
support surface,
eachwheel armandwheel configured to support
the chassis apart from the support surface;
each wheel arm being pivotable relative to the
chassis such that the roll of thechassis about the
x-axis, the pitch of the chassis about the y-axis,
the yaw of the chassis about the z-axis and
height of the chassis in the z-axis is controllable
by pivoting at least one of the wheel arms re-
lative to the chassis; and each wheel being
pivotable relative to its respective wheel arm;
whereby
thechassis suspensionsystemof thefirst auton-
omous vehicle is operable to position the chas-
sis of the first autonomous vehicle relative to the
second autonomous vehicle such that the am-
munition subcomponent receiving systemof the
first autonomousvehicle is aligned to receive the
ammunition subcomponent from the ammuni-
tion subcomponent loading system of the sec-
ond autonomous vehicle, the alignment achiev-
able by pivoting oneormorewheel arms relative
to the chassis and/or by pivoting one or more
wheels relative to its respective wheel arm an-
d/or by rotating oneormorewheels relative to its
respective wheel arm; and/or
the chassis suspension system of the second
autonomous vehicle is operable to position the
chassis of the second autonomous vehicle such
that the ammunition subcomponent receiving

systemof the first autonomousvehicle is aligned
to receive the ammunition subcomponent from
the ammunition subcomponent loading system
of the second autonomous vehicle, the align-
ment achievable by pivoting one or more wheel
arms relative to the chassis and/or by pivoting
one or more wheels relative to its respective
wheel arm and/or by rotating one or more
wheels relative to its respective wheel arm.

3. A system as claimed in claim 2 wherein the first
autonomous vehicle comprises a gun barrel having
a barrel axis, the barrel beingmounted to the chassis
byapivotmount, thebarrel beingpivotable relative to
the x-axis about a pivot axis aligned with the y-axis
and mounted such that it is constrained to move in a
plane defined by the x-axis and z-axis.

4. A system as claimed in any one of claims 1 to 3
wherein:

the ammunition subcomponents comprise a
charge unit and/or a stub case charge unit;
the ammunition subcomponent loading system
of the second autonomous vehicle comprises a
charge unit loading system and/or a stub case
charge unit loading system; and
the ammunition subcomponent receiving sys-
tem of the first autonomous vehicle comprises a
charge unit receiving system and/or a stub case
charge unit receiving system;
wherein the charge unit loading system is con-
figured to couple to and deliver the chargeunit to
the charge unit receiving system of the first
autonomous vehicle; and
the stub case charge unit loading system is
configured to couple to and deliver the stub case
charge unit to the stub case charge unit receiv-
ing system of the first autonomous vehicle; and
the ammunition subcomponent receiving sys-
tem of the first autonomous vehicle further com-
prises:

a charge unit storage system operable to
receive the charge unit from the charge unit
receiving system of the first autonomous
vehicle so the charge unit can be carried
by the first autonomous vehicle; and/or
a stub case charge unit storage system
operable to receive the stub case charge
unit from thestub casechargeunit receiving
system of the first autonomous vehicle so
the stub case charge unit can be carried by
the first autonomous vehicle.

5. A system as claimed any one of claims 1 to 4 where-
in:
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the ammunition subcomponent is provided as a
projectile unit;
the ammunition subcomponent loading system
of the second autonomous vehicle comprises a
projectile unit loading system; and
the ammunition subcomponent receiving sys-
tem of the first autonomous vehicle comprises a
projectile unit receiving system;
wherein the projectile unit loading system is
configured to couple to and deliver a projectile
unit to the first autonomous vehicle projectile
unit receiving system; and
the first autonomous vehicle further comprises a
projectile unit storage system operable to re-
ceive a projectile unit from the first autonomous
vehicle projectile unit receiving system.

6. A system as claimed in claim 5 wherein the charge
unit loading system comprises:

a charge unit storage sectionwhich comprises a
chargeunit guide track that definesachargeunit
guide path and is configured to retain a charge
unit;
a charge unit conveyor system for moving the
chargeunit along the chargeunit guide track to a
charge unit delivery section;
the charge unit delivery section configured to
receive the charge unit from the charge unit
conveyor system for delivery to the charge unit
receiving system of the first autonomous vehi-
cle;
wherein the charge unit loading system further
comprises:

a stub case charge unit storage section
which comprises a stub case charge unit
guide track that defines a stub case charge
unit guide path and is configured to retain a
stub case charge unit;
a stub case chargeunit conveyor system for
moving the stub case charge unit along the
stub case charge unit guide track to a stub
case charge unit delivery section;
the stub case charge unit delivery section
configured to receive the stub case charge
unit from thestubcasechargeunit conveyor
system for delivery to the stub case charge
unit receiving system of the first autono-
mous vehicle.

7. A system as claimed in claim 6 wherein:

the charge unit storage section further com-
prises a plurality of charge unit storage compart-
ments, each of the plurality of storage compart-
ments configured to retain one or more charge
units;

a section of the charge unit conveyor system
being provided in each storage compartment
and said section configured for moving the
charge unit in each storage compartment to
enter the charge unit guide track; and
wherein the stub case charge unit storage sec-
tion further comprises a plurality of stub case
charge unit storage compartments, each of the
plurality of stub case charge storage compart-
ments configured to retain one or more stub
case charge units;
a section of the stub case charge unit conveyor
systembeing provided in each stub case charge
storage compartment and said section config-
ured for moving the stub case charge unit in
each stub case charge storage compartment
to enter the stub case charge unit guide track.

8. A system as claimed in claim 6 or claim 7 wherein:

the charge unit delivery section comprises a
plurality of charge unit outlet ports each fed from
the charge unit conveyor system; and
the vehicle charge unit receiving system com-
prises a plurality of charge unit inlet ports ar-
ranged in the same configuration as the charge
outlet ports and operable to be in alignment with
the charge outlet ports for receiving the charge
unit from the charge unit loading system; and
wherein:

the stub case charge unit delivery section
comprises a plurality of stub case charge
unit outlet ports each fed from the stub case
charge unit conveyor system; and
the vehicle stub case charge unit receiving
system comprises a plurality of stub case
charge unit inlet ports arranged in the same
configuration as the stub case charge unit
outlet ports and operable to be in alignment
with the stub case charge outlet ports for
receiving the stub case charge unit from the
stub case charge unit loading system.

9. A system as claimed in claim 5wherein the projectile
unit loading system comprises:

a storage cavity configured to support the pro-
jectile unit in a first orientation a delivery unit
configured to receive the projectile unit in a first
orientation and rotate it to be in a second orien-
tation for delivery to the first autonomous vehicle
projectile unit receiving system;
a conveyor formoving theprojectile unit from the
storage cavity to the delivery unit;
a projectile guidestructure configured to support
the projectile unit in the first orientation as it is
moved from the storage cavity to the delivery
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unit.

10. A system as claimed in claim 9 wherein the delivery
unit comprises a support arm configured to:

receive and retain the projectile unit in the first
orientation,
pivot from the first orientation to the second
orientation; and

when in the secondorientation, release theprojectile
unit so the projectile unit is delivered to the projectile
unit receiving system of the vehicle.

11. A system as claimed in claim 9 or claim 10 wherein
the projectile unit loading system comprises:

astoragecavitywhichdefinesa longitudinal axis
along the length of the storage cavity;

the storage cavity comprising a mount con-
figured to support and retain the projectile
unit parallel to the longitudinal axis at a
mount position within the storage cavity;
a delivery unit configured to retain the pro-
jectile unit parallel to the longitudinal axis,
and:
retrieve the projectile unit from the mount;

convey the projectile unit from the mount posi-
tion to a delivery position in the storage cavity for
delivery to the first autonomous vehicle projec-
tile unit receiving system.

12. A system as claimed in claim 11 wherein the delivery
unit comprises:

a support arm configured to receive and retain
the projectile unit parallel to the longitudinal
axis;;
a guide trackwhichextends alongat least part of
the length of the storage cavity parallel to the
longitudinal axis and which extends to the de-
livery position;
an actuator operable to move the support arm
from the mount position to the delivery position.

13. A system as claimed in claim 12 wherein:

the support arm ismounted to theguide track via
a support unit, and
the support arm is mounted to the support unit
such that it is operable to retain theprojectile unit
parallel to the longitudinal axis, and:

withdraw the projectile unit from the mount;
and
pivot about a rotational axis parallel to the

direction of the guide track to align the pro-
jectile unit with the vehicle delivery position.

14. . A method of operating a system, the system com-
prising:

afirst autonomousvehicle configured tocarryan
ammunition subcomponent and comprising an
ammunition subcomponent receiving system;
a second autonomous vehicle comprising an
ammunitionsubcomponent loadingsystemcon-
figured for loading the first autonomous vehicle
with the ammunition subcomponent by deliver-
ing the ammunition subcomponent to the am-
munition subcomponent receiving system;

the first autonomous vehicle and/or second
autonomous vehicle comprising a chassis,
wheel armactuators,wheelmountingmem-
ber actuators and wheel drive system;
wherein the chassis extends along an x-
axis, a first end of the chassis and a second
end of the chassis are spaced apart from
one another along the x-axis; the chassis
extending along a y-axis, a first side of the
chassis and a second side of the chassis
spaced apart from one another along the y-
axis; the x-axis being at right angles to the y-
axis;
the x-axis defining a chassis roll axis, the y-
axis defining a chassis pitch axis and a z-
axis defining a chassis yaw axis; the z-axis
beingperpendicular to thex-axisandy-axis;
the first autonomous vehicle further com-
prising a gun barrel having a barrel axis, the
barrel being mounted to the chassis by a
pivot mount, the barrel being pivotable re-
lative to the x-axis about a pivot axis aligned
with the y-axis and mounted such that it is
constrained to move in a plane defined by
the x-axis and z-axis;
the wheel arm actuators, wheel mounting
member actuators, wheel drive system
forming part of a chassis suspension sys-
tem coupled to the chassis;
wherein themethod comprises the steps of:

controlling the wheel drive system to
transport the first autonomous vehicle
and/or second autonomous vehicle to
rendezvous with the other of the first
autonomous vehicle and/or second
autonomous vehicle;
controlling the wheel arm actuators,
wheel mounting member actuators an-
d/or drive system to position the first
autonomous vehicle and second
autonomous vehicle relative to one an-
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other such that the ammunition sub-
component receiving systemof the first
autonomous vehicle is aligned to re-
ceive the ammunition subcomponent
from the ammunition subcomponent
loading system of the second autono-
mous vehicle.

5

10

15

20

25

30

35

40

45

50

55



25

EP 4 513 128 A1



26

EP 4 513 128 A1



27

EP 4 513 128 A1



28

EP 4 513 128 A1



29

EP 4 513 128 A1



30

EP 4 513 128 A1



31

EP 4 513 128 A1



32

EP 4 513 128 A1



33

EP 4 513 128 A1



34

EP 4 513 128 A1



35

EP 4 513 128 A1



36

EP 4 513 128 A1



37

EP 4 513 128 A1



38

EP 4 513 128 A1



39

EP 4 513 128 A1



40

EP 4 513 128 A1



41

EP 4 513 128 A1



42

EP 4 513 128 A1



43

EP 4 513 128 A1



44

EP 4 513 128 A1



45

EP 4 513 128 A1



46

EP 4 513 128 A1

5

10

15

20

25

30

35

40

45

50

55



47

EP 4 513 128 A1

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

