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Propellant Portioning Device Comprising an Expandable Holding Element

The invention relates to a propellant portioning device for a propellant formed from a
plurality of individual propellant modules with at least one module holder. The in-
vention further relates to a method for portioning a propellant formed from a plurali-
ty of individual propellants by means of a propellant portioning device. Other subject
matter of the invention forms an ammunition loading device and a military vehicle

with a propellant portioning device.

The invention can be used primarily in the field of large-caliber weapon systems,
such as battle tanks and artillery guns, in which the weapon is operated with split
ammunition, i.e. consisting of the ammunition body to be fired and a separate propel-
lant that can be ignited to accelerate the ammunition body. But the invention can also
be used in the production and/or handling of propellants, for example. In contrast to
cartridge ammunition, it is possible to vary the amount of propellant if necessary in
the case of split ammunition, for example in order to adjust the firing range and thus

also to be able to fire at more distant or closer targets.

The propellant is often composed of multiple propellant modules, which can be
joined to each other by front and bottom joining areas to form differently sized pro-
pellants. Usually, propellants are produced by the manufacturer in the manner of
combined propellant rods and transported in transport containers to the place of use.
There it is necessary for further use to separate the propellant and to disassemble it
into the individual propellant modules before they are stowed inside the weapon sys-
tem, for example in a propellant magazine according to DE 10 2004 025 743 Al. If
appropriate, a certain number of propellant modules is then joined together to form a
propellant portion with the desired amount of propellant and - if, for example, no

firing is carried out during maneuvers — they are then separated again.

For separation, the joined propellant modules can, for example, be placed on an edge
and the propellant module to be separated then subjected to a force from above,
whereby the push-in connection between the propellant modules is to be released by
kinking.
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The individual propellant modules usually consist of a thin outer skin, usually of a
combustible material, which can be easily damaged when not joined properly or
when separating the propellant modules. Since the propellant modules are also often
very tightly pushed into each other due to manufacturing tolerances, it can lead to
unwanted damage to the outer skin of the propellant modules during manual separa-
tion, which may lead to the fact that they can no longer be used.

In order to avoid such problems, devices are known with which the propellants in
propellant modules can be separated into individual portions. Thus, DE 10 2011 055
045 Al shows a propellant portioning device for the separation of propellants into
propellant modules. The propellant portioning device has a plurality of module hold-
ers, by means of which a propellant can be held and divided into propellant modules.
The module holders are arranged on a threaded spindle, by the actuation of which -
since the module holders move at different movement speeds - a relative movement
between the propellant modules is produced and the propellant modules can be sepa-
rated in this way. A manual device for portioning is further shown in DE 10 2011
050 282 B3.

Such propellant portioning devices have proved themselves in the past. However, it
has proved to be disadvantageous that the module holder must be matched to the
geometries and/or the approved maximum radial forces of the propellant modules to
be gripped, so that only a certain type of propellant modules can be separated and

joined with a propellant portioning device.

The invention is therefore based on the object to provide a propellant portioning de-

vice, which allows improved handling of propellant modules.

This object is achieved with a propellant portioning device of the type mentioned
above in that the module holder has at least one expandable holding element for

holding a propellant module.
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Due to an expandable holding element, a propellant module of a propellant can be
reliably accommodated and held. By means of the expanding holding element, the
holding force acting on the propellant module can be regulated as required. By ex-
pansion, the volume of the holding element can be increased and/or reduced as re-
quired, so that due to the arrangement on the module holder the holding element ex-
pands against the propellant and in particular against the propellant module and is
thus held. In this way, reliable and safe handling of propellants can be carried out, in
particular independently of geometric dimensions and/or material properties. The
expandable holding element can adapt to the outer contour when holding the propel-

lant.

A preferred design provides that the module holder can be adapted to different pro-
pellants to be held by means of the holding element. The propellant portioning de-
vice can be used in this respect with a wide variety of applications and/or propellants,
wherein it is not necessary to use different module holders, each of which is matched
to a specific application. The functionality of the propellant portioning device can
thus be significantly increased. Thus, for example, by means of the expanding hold-
ing element a smaller diameter and/or a lower holding force can be adjusted if, for
example, a smaller propellant is to be handled. In the case of a propellant with a larg-
er diameter, however, a larger radius and/or a greater holding force can be adjusted
by means of the expansion of the holding element and thus larger and/or heavier pro-

pellants can also be handled safely.

It is particularly preferred when the holding element can be expanded by the pressure
of a fluid. In particular, the fluid can be introduced into the interior of the holding
element. It has been found to be particularly advantageous when a gas, in particular
compressed air, and/or a liquid, in particular hydraulic fluid, are used as a fluid. By
introducing a predetermined amount of fluid into the holding element, the desired
pressure can be produced inside the holding element and the holding element can be

expanded and/or contracted to an advantageous size. The holding element may have
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a cavity inside it into which the fluid can be introduced. The holding element can
thus be inflated by the fluid and can thereby expand.

In an advantageous manner, the pressure may be produced pneumatically and/or hy-

draulically.

In particular, the pressure can be produced by means of a pressure generator, such as
a pump, a compressor, a manual handle or the like. Preferably, for this purpose the
holding element and/or the module holder may have a pneumatic and/or hydraulic
connection which can be connected to a line system. By the introduction and removal
of the fluid, control of the pressure in the holding element can be carried out. The
pneumatic and/or hydraulic connection may also have a valve by means of which the
inflow of the fluid can be controlled. The valve may preferably be of a manual, elec-
trical and/or magnetic design. It is particularly preferred when the valve is operated
only from a predetermined response pressure and/or acts only in one direction. With
a number of valves, each valve can also be activated individually and/or several
valves can be activated together. With a plurality of connections, each connection

can be activated individually, or all the connections can be activated.

According to a preferred embodiment of the invention, it is provided that the holding
force can be adjusted by adapted pressurization of the holding element. Preferably, a
high holding force can be produced by a high pressure inside the holding element
and a lower holding force can be produced by a lower pressure inside the holding
element. Thus, both relatively heavy but stable propellants can be held with a high
holding force and sensitive, less stable propellants can be held with a lower holding
force. The pressurization of the holding element can be carried out particularly pref-
erably depending on the shape, mass, fragility and the like of the propellant. In an
advantageous manner, a control device for controlling the pressure is provided. In
this way, adaptation to a wide variety of propellant types can be carried out, whereby
increased usability can be achieved. In addition, by increasing pressure in the ex-

pandable holding element this can be expanded and it can be contracted accordingly



10

15

20

25

30

with decreasing pressure. It follows that a propellant module located in the module
holder can be held with increasing pressure in the expandable holding element and

can be released with decreasing pressure in the expandable holding element.

It is further particularly preferred when the pressure in the expandable holding ele-
ment can be measured. For this purpose, different measuring devices, such as pres-
sure sensors or barometers, can be provided. The measuring devices may be located
on the module holder and/or in the holding element. Due to the pressure measure-
ments in the holding element, continuous tests or as required different tests can be
carried out, such as leak tests. Preferably, the functionality of the holding element
can be checked in this way. In addition, it is conceivable that by measuring the pres-
sure in the expandable holding element, it is checked whether a propellant or whether

no propellant is being held by the module holder.

It is also advantageous if the holding element can be expanded in the radial direction,
in particular in the direction of the propellant axis. In this way, a holding force acting
in the radial direction, in particular in the direction of the propellant axis, can result,
whereby the propellant, in particular the propellant module, can preferably be

clamped in the middle of the module holder.

It is also advantageous if the propellant, in particular a propellant module, can be
clamped in the module holder by means of the holding element. In this way, the pro-
pellant, in particular a propellant module, can be held reliably and safely and thus,
for example, in a separation and/or joining position. In particular, by the expansion
of the holding element, the pressure and thus the volume of the holding element can
be increased and so, due to the rigid module holder, a clamping force can be pro-
duced between the module holder and/or the holding element and the propellant, in
particular the propellant module. By expanding the expandable holding element
against the propellant, in particular a propellant module, the clamping and counter-
clamping may result, wherein the clamping and the counter-clamping increase with

increasing pressure in the expandable holding element. In this respect, a higher hold-
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ing force, in particular a higher maximum holding force, can be produced as a result
of increasing pressure in the expandable holding element.

One structural design provides that the module holder has at least two holding ele-
ments, in particular three holding elements, in the radial direction, in particular along
its perimeter. By providing for multiple holding elements, fixing the propellant, in
particular the propellant module, can be carried out at multiple application points. In
this way, a clamping and counter-clamping can be achieved by means of the holding
elements. This clamping can be additionally improved by means of a third holding
element. In particular, the propellant, in particular a propellant module, can be fixed
in the module holder in the manner of a three-point bearing. The propellant, in par-
ticular a propellant module, can thus be gripped by the holding elements. Further, it
may be provided that at least one of the expandable holding elements lifts the propel-
lant, in particular a propellant module, off the module holder when the expandable
holding element expands. Here, the arrangement of the expanding holding elements
on the module holder may be designed such that the propellant, in particular a pro-
pellant module, is only in contact with the holding elements. Alternatively or addi-
tionally, other holding elements along the perimeter of the module holder may be
provided, in particular to further increase the holding force.

In structural terms, it is proposed that the holding element has at least one holding
surface facing the propellant, in particular the propellant module. At the holding sur-
face, the propellant, in particular the propellant module, can come into contact with
the holding element. The surface of the holding surface may preferably be designed
such that the clamping effect is increased, for example by a surface coating or sur-
face structuring. As a surface coating, for example, coatings of rubber, plastic or any
other material can be used and/or coatings from which a high coefficient of friction
between the holding element and the propellant results.

The module holder may be in the form of a gripping device. In particular, the module

holder may be formed in the manner of a pliers, fork or the like grasping the propel-
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lant, in particular a propellant module. The module holder may have a semicircular
shape so that a holder is formed into which the propellant, in particular one or more
propellant modules, can be introduced. Preferably, the module holder can at least
partially grip the propellant, in particular the propellant module. Depending on re-
quirements, the module holder may be in the form of a rigid element and/or of a
movable element. A movable embodiment offers the advantage that the gripping
device can first be reduced by a predetermined order of magnitude and then the re-
maining distance can be taken up by means of the expandable holding elements. In

this way, the flexibility of the propellant portioning device can be further increased.

In this context, it has proved advantageous if the holding elements are arranged at the
module holder ends, in particular the gripper ends and/or in the center of the module
holder. In this way, a reliable holder of the propellant, in particular the propellant
module, can be produced, in particular in the manner of a two-point or three-point
bearing.

It is particularly preferred when the holding elements are arranged eccentrically. In
this way, the propellant module can be subjected to a radial force, which simplifies
the separation process. In particular, the separation can be carried out by means of a
linear movement of the module holder and by means of the holding elements.

In structural terms, it is further proposed that the at least one holding element is in
the form of an expandable cushion. The holding elements may be in the form in par-
ticular of rubber and/or fabric mats or hoses. The holding elements can also have any
shape. However, it has proven to be particularly advantageous when using cuboid
cushions. Particularly preferably, the material can be selected such that it can with-
stand high loads, in particular pressures. In particular fiber-reinforced, textile and/or
polymeric materials have been found to be advantageous materials. The cushion can
have a stretchable elastic shell, such as a membrane. This can support the expansion

and the cushion can adapt to the shape of the ammunition body which is to be held.



10

15

20

25

30

A preferred embodiment provides that the holding elements can be activated for ex-
panding individually and/or together. In particular, the holding elements can be sub-
jected to different pressures and can thus be expanded accordingly to different de-
grees and/or expanded at different times. In this way, the adaptation of the propellant
portioning device to the propellants to be handled and to be held, in particular propel-
lant modules, in particular to the shape, the diameter or the like, can be further im-

proved.

An advantageous embodiment of the propellant portioning device provides at least a
second module holder. Preferably, the second module holder has at least one expand-
able holding element. The first module holder and the second module holder can be
almost identical. However, it has proven to be particularly advantageous if the mod-
ule holders are formed differently. Using the second module holder, the propellant
modules from which a first propellant module is to be separated can be held, while
the separation of the first propellant module can be carried out by means of the first

module holder, which holds the first propellant module.

Particularly preferably, the second module holder is in the form of an elongated
module holder, in particular as a type of rail, with multiple holding elements. The
holding elements may be arranged on the module holder one after the other in partic-
ular in the longitudinal direction as a type of row. It has been found to be particularly
advantageous if the second module holder has at least two, preferably between two
and six, more preferably five, expandable holding elements. It is also advantageous if
the second module holder is of a fixed form. In particular, the second module holder
may, for example, be attached directly to the weapon system and/or may be spaced
apart from a propellant holder which is holding the propellant. Alternatively or addi-
tionally, each propellant module may be assigned a module holder. In particular,
each propellant module may be assigned at least one expandable holding element. It
is further advantageous when a common support is provided for a number of module
holders. The holding elements of the module holders can preferably be activated in-

dividually and expanded as required.
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A structural design provides that the module holders are designed to be movable rela-
tive to each other. Particularly preferably, at least one module holder is designed to
be movable. It is particularly advantageous if the first module holder is designed to
be movable and the second module holder is of a fixed form so that they can be
moved relative to each other. Due to a first module holder which is designed to be
movable, the advantage is that this can be moved for portioning and/or separating the
propellant modules. It is particularly advantageous if the second module holder is of
a fixed form. However, the invention is not limited to this. For example, embodi-
ments are conceivable in which the second module holder can be moved, and the first
module holder is of a fixed form. Also, both module holders can be designed to be
movable. In particular, the module holder which is designed to be movable can be
both pivoted in the radial direction and/or moved in the direction of the propellant
axis. It has proven to be particularly advantageous if the module holder can be
moved between different positions. Thus the module holder can be moved back and
forth between a pick-up position, a separation position, a joining position, a portion-
ing position and/or a transfer position, for example. In this way, the module holder
which is designed to be movable can grip and move the propellant module to be sep-
arated. Here, the pick-up position refers to the position in which the first module
holder does not hold a propellant module and is accordingly ready for gripping a
propellant module of the propellant. The propellant portioning device is located in
the portioning position when the movable first module holder grips a propellant
module of the propellant, and the propellant is portioned accordingly by movement
of the module holders relative to each other. The transfer position is adopted once the
portioned propellant module has been separated and can be transferred from the

movable first module holder to a further processing component.

Preferably, for portioning a propellant composed of a plurality of propellant modules,
some of the propellant modules can be held by means of the second module holder,
while the first module holder performs a movement, in particular a movement in the

axial direction of the propellant axis, in order to allow the separation of the propel-
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lant modules. Preferably, the propellant module can be subjected to a radial move-
ment during this movement. In this way, an angular movement can be produced dur-

ing separation, which simplifies the separation of the propellant modules.

It is particularly advantageous if the module holder center axes of the at least two
module holders are arranged coaxially or offset relative to each other. Offset may
mean in particular that the module holder center axes have a small offset relative to
each other and/or are arranged at an angle or in parallel. Due to the offset arrange-
ment of the at least two module holders, the advantage may result that during the
portioning of the propellant in addition to the axial movement, a small radial move-
ment with respect to the propellant axis can also take place, so that the portioning is

facilitated.

It is particularly preferred when a first propellant module can be transferred from a
portioning position to a transfer position by the movement of the first module holder.
In this way, the propellant module to be separated can first be separated from the

other propellant modules of the propellant and prepared for further handling.

One development of the invention provides that at least one module holder can be
moved by means of a spindle drive. The spindle may preferably be straight and have
a thread, so that by rotation a corresponding propulsion of the module holder is car-
ried out. By the movement of the spindle, in particular a movement can be produced
in the longitudinal direction and in particular towards and/or away from the second
module holder. A drive, in particular an electric one, may be further provided for the
rotation of the spindle.

A further advantageous embodiment provides that the propellant portioning device
has a propellant holder for holding the propellant. The propellant holder may prefer-
ably be arranged such that it holds a propellant and at least one propellant module is
pressed against the propellant holder by at least one holding element of a module

holder. In particular, a force acting from above on the propellant against the propel-
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lant holder can be produced by means of the second module holder, whereby the
propellant module can be clamped. The propellant holder may preferably be arranged
in a plane parallel to the spindle and/or, for example, may be of a tub-like and/or
shell-like form. For holding a propellant and for the positioning thereof in the propel-
lant portioning device, the propellant holder may also have a positioning device, in
particular a stop. Preferably, the propellant holder and the module holder and the

spindle are arranged on a common frame.

In a development of the invention, a sensor for determining the position of at least
one propellant module is proposed. The sensor can be used to determine the position
of the propellant and/or the propellant module and/or the module holder. The sensor
may preferably be embodied as an accelerometer and/or a speed sensor. Alternatively
or additionally, by means of the sensor, the positioning of the propellant and/or the
propellant module and/or the type of propellant can be detected. The sensor may be
in the form, for example, of a laser sensor, an infrared sensor, an ultrasonic sensor, a

camera sensor or the like. Particularly preferably, there may be multiple sensors.

In addition, to achieve the previous object, a propellant handling device with a pro-
pellant portioning device is proposed. The same advantages result which have al-
ready been described in connection with the propellant portioning device. All of the

features can be used alone or in combination.

It is particularly preferred when the propellant portioning device is part of a handling
device which can be used, for example, for ammunitioning, de-ammunitioning, set-
ting up or the like or for various of these operations. Preferably, the handling device
may be part of a weapon system and/or a propellant magazine. Preferably, the han-
dling device may be arranged in the ammunition flow between the propellant maga-
zine and the weapon or else in the ammunition flow during ammunitioning and/or

de-ammunitioning.
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According to one embodiment of the propellant handling device, a portioned propel-
lant module is transferred to a magazine by means of the module holder. The transfer

can be carried out manually or automatically.

Particularly preferably, the handling device may additionally have an ammunition
body holding device and/or a guide device to which an ammunition body holding
device can be attached. For picking up and/or applying a propellant, the ammunition
body holding device can preferably be pivoted around a pivot axis of the guide de-
vice and thus, for example, from a horizontal to a vertical position and vice versa. In
particular, the ammunition body holding device can be moved into a position corre-
sponding to the propellant portioning device for transferring the propellants. The
transfer can be carried out in particular in a vertical and/or horizontal position. In-
termediate positions are also conceivable. In addition, the ammunition body holding
device can be moved along the guide device in order to bridge distances between a
position behind the weapon barrel and a propellant magazine, for example, and thus
to be moved to the current position of the propellant portioning device. Alternatively
or additionally, the handling device may preferably also be arranged to be movable

within the weapon system.

The object is further achieved in a weapon system of the type mentioned above by a
propellant handling device or a propellant portioning device of the type described
above. Here, too, the same advantages as described above result, wherein all features

can be used alone or in combination.

A preferred embodiment of the weapon system provides that for loading the handling
device and in particular the propellant portioning device is arranged in the ammuni-
tion flow between the propellant magazine and the weapon. In this way, the weapon
system can be of a fully automatic form. It is therefore not necessary to provide a
number of handling devices and/or propellant portioning devices, each of which sep-
arately handles different types of propellants and/or which are arranged at different

positions within the weapon system. It is further advantageous when the propellant
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portioning device is further arranged in the ammunition flow between one or more
external propellant magazines and the weapon. In this way, propellants from external

propellant magazines can also be used.

It is also advantageous when the propellant handling device and/or the propellant

portioning device can be used for ammunitioning and/or de-ammunitioning. It is not
necessary that separate handling devices and/or the propellant portioning device are
used for the ammunitioning or de-ammunitioning, or that these activities are carried

out manually. In this way, safety can be further increased.

With a method of the type mentioned above, the object is achieved in that the module
holder has at least one expandable holding element, which is expanded to hold a pro-

pellant module.

Here, too, the same advantages result, which have already been described in connec-
tion with the propellant portioning device and/or the handling device and/or the

weapon system. Here, too, all features can be used alone or in combination.

Preferably, by the introduction of a fluid into the holding element, a pressure is pro-
duced inside the holding element, whereby the holding element can be expanded
and/or contracted.

Preferably, for portioning and/or for assembling a propellant, this can be inserted into
a propellant holder. This inputting can be carried out automatically by an appropriate
device or manually by a user. Further, the holder may be designed such that different
types of propellants can be accommodated by the holder, in particular differing with

respect to the mass and/or geometry of the propellant.

According to a preferred embodiment of the method, a first propellant module is held
by means of a first module holder and at least one second propellant module is held
by means of a second module holder and the propellant modules are separated from
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each other and/or joined together by a relative movement of the module holders. It is
particularly advantageous when at least one propellant module is moved by means of
a movable module holder. The propellant module to be separated can be gripped by
the expansion of the expandable holding element of the movable module holder and
portioned by movement of the movable module holder. The movable module holder
can advantageously reach all propellant modules of a propellant held in the propel-
lant portioning device and can grip them individually. If necessary, a number of pro-
pellant modules to be separated can be gripped, wherein in this case the propellant

module closest to the separation point is preferably held by the module holder.

According to a further advantageous embodiment of the method, at least one propel-
lant module is held by means of a particularly fixed module holder. The holding is
realized by expanding at least one holding element of the fixed module holder, in that
the holding element clamps the propellant module. Furthermore, at least one movable
module holder can portion the propellant into individual propellant modules during

holding by the fixed module holder.

In a development of the method, it is proposed that the first propellant module is
moved by means of the first module holder from a portioning position to a transfer
position and is transferred to a propellant magazine and/or a weapon. The movable
module holder can thereby be moved from a pick-up position in which the module
holder is not holding a propellant module, into a portioning position in which the
movable module holder grips the propellant module to be portioned by expansion of
the expandable holding elements and separates the propellant module by a relative
movement, finally moving into a transfer position. The transfer can be carried out

automatically or manually.

A further possibility of the advantageous design of the method provides that the sep-
aration and/or joining process is repeated with further propellant modules of the
same propellant. During the portioning of a propellant, at least one propellant module

of the propellant can be gripped, portioned and transferred by means of a first mod-



10

15

20

25

30

15

ule holder. This process can be repeated until the entire propellant formed from a
plurality of propellant modules is portioned and separated into individual propellant

modules and/or joined together.

It is further advantageous when the propellant portioning device is used for joining
propellants together. In this case, a propellant module can be pushed by the module
holder onto at least one other propellant module located in a second module holder.
This process can also preferably be repeated until a propellant formed from a plurali-

ty of individual propellant modules results.

A preferred embodiment of the method provides that the holding element is contract-
ed to release the propellant module. In this way, the propellant module can be re-
leased again, for example in the manner of a type of handling which has been carried
out, and, for example, can be moved further by a further propellant handling device.
By holding the propellant module with an expanded holding element and by releas-
ing it by contracting the holding element, the propellant module can be transported
over any distance and/or held at a certain position and stored. Thus, a propellant
module can be transferred, for example, to a magazine and/or a weapon and/or can

be removed from a magazine.

Also, the features described on the basis of the method, the handling device or the
weapon system can be used alone or in combination in the propellant portioning de-

vice described above.

Further details and advantages of the propellant portioning device according to the
invention will be explained in more detail below with the help of the attached draw-

ings on the basis of an exemplary embodiment. In the figures:

Fig. 1 shows a perspective illustration of a propellant portioning device ac-

cording to the invention;
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Fig. 2.1 shows a side view of a propellant portioning device according to the

invention in the pick-up position;

Fig. 2.2 shows a side view of a propellant portioning device according to the

invention in the portioning position;

Fig. 2.3 shows a side view of a propellant portioning device according to the

invention in the transfer position;

Fig. 3 shows a cross-section through a propellant portioning device accord-

ing to the invention;

Fig. 4 shows a perspective view of a weapon system with a handling device

with a propellant portioning device according to the invention and

Fig. 5 shows a schematic illustration of the pressure distribution.

In fig. 1, a propellant portioning device 1 according to the invention is shown, by
means of which the most diverse types of propellant 3 can be handled reliably and
safely. Corresponding propellants 3 can be used, for example, in weapon systems 13,
such as in artillery guns, battle tanks or the like, in particular in the area of propellant

magazine 14 and/or for ammunitioning and/or de-ammunitioning.

In appropriate weapon systems 13, a variety of types of propellants 3 are usually
used, which are usually handled with different propellant portioning devices 1, each
assigned to a propellant type, or manually. This is because the propellants 3 often
differ in geometry, material, mass or the like. Also, propellants 3 are differently sen-
sitive, depending on the type of outer shell or structure. The individual propellants 3
usually consist of multiple propellant modules 2, which are joined together as a type

of propellant rods. Such propellants 3 can be easily damaged, in particular in case of
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improper pushing together or when separating the propellant modules 2. Since the
propellant modules 2 are also often very firmly pushed into each other due to manu-
facturing tolerances, unwanted damage can occur to the outer skin of the propellant
modules 2 during manual separation, which sometimes leads to the fact that these

cannot be used further.

In order to now also be able to handle propellants 3 of a wide variety of types safely
and reliably and in particular to be able to enable fully or partially automated han-
dling, at least one module holder 4.1 is provided in the propellant portioning device 1
according to the invention, which has at least one expandable holding element 5 for
holding the propellant 3, in particular a propellant module 2.

According to the invention, therefore, a propellant portioning device 1 is provided,
which can be used for different types of propellants 3 and can be used in this respect

in a variety of weapon systems 13 with automated ammunition feeding.

As can be seen in particular in the detail of fig. 1, the propellant portioning device 1
has a module holder 4.1, which is designed for holding a propellant 3 formed from a
plurality of individual propellant modules 2. On the module holder 4.1, at least one
expandable holding element 5 is arranged, which can be expanded to hold the propel-
lant 3 and in particular to hold at least one propellant module 2. With the help of the
holding element 5, the module holder 4.1 and in particular the propellant portioning
device 1 can be adapted to various types of propellants 3, for example with regard to
the diameter, the geometry of the shape, the mass or the like.

The module holder 4.1 is movably mounted on a spindle 7 and encompasses a pro-
pellant holder 9. A propellant 3 formed from a plurality of propellant modules 2 can
be placed on the propellant holder 9 and kept ready for a joining and/or separation
process. The module holder 4.1 can be moved along the spindle 7 axially. The spin-
dle 7 provides for propulsion of the movable first module holder 4.1 by rotation. The

module holder 4.1, the spindle 7 and the propellant holder 9 are further arranged on a
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frame 11, which may also have other components which are not shown in detail,
such as a drive, sensors or the like. The holder 9 shown in fig. 1 has a tub shape, but
may, for example, also be designed as a U-profile, a VV-profile or in another shell

form.

In order for the spindle 7 to be able to rotate, a drive 8 is provided according to the
illustration. The drive 8 can be operated electrically, wherein all other drive types can
also be suitable here. The drive 8 is connected to the spindle 7 via a gearbox and the

rotational speed of the spindle 7 is continuously controllable by means of the drive 8.

As can be seen further, the module holder 4.1 according to the present exemplary
embodiment is in the form of a kind of gripping device, which has a tongs-shaped
geometry overall. The module holder 4.1 is designed so as to at least partially en-
compass the propellant 3. The propellant 3 can be introduced into the holder opening

thus formed and then held by the expanded holding element 5.

The module holder 4.1 has at least one holding element 5. However, it has been
found advantageous if at least two, in particular three, holding elements 5 are ar-
ranged on the module holder 4.1, along the perimeter of the holder 4.1, i.e. in the
radial direction. The holding elements 5 are spaced apart from each other, so that a
two-point or three-point bearing of the introduced propellant module 2 results. The
holding elements 5 are arranged in particular eccentrically, so that during a move-
ment of the module holder 4.1 the propellant module 2 is subjected to a radial
movement. Alternatively, however, for example, only one expandable holding ele-
ment 5 may be provided, which is arranged at only one point or along the complete
perimeter of the module holder 4.1. As is further shown in fig. 1, the holding ele-
ments 3 are arranged at the holder ends and to the right and/or left of the center of the
holder. However, the invention is not limited to this. Rather, embodiments may also
be conceivable in which only one holding element 5 or another number of holding

elements 5 is provided.
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The propellant load module 2 is held with a holding surface of the holding element 5.
The holding surface is facing the propellant module 2 and can come into contact with
this. The surface of the holding surface may preferably be designed such that a
clamping effect produced by the expansion of the holding element 5 is increased, for
example by a surface coating or surface structuring. As a surface coating, for exam-
ple, coatings of rubber, plastic or any other material can be used and/or coatings from
which a high coefficient of friction between the holding element 5 and the propellant

3 results.

In order to hold the propellant module 2, the holding elements 5 can be expanded in
particular by pressure of a fluid 21. The pressure in the holding element 5 can prefer-
ably be produced hydraulically and/or pneumatically. By applying pressure to the
holding element 5, the holding element 5 is expanded and thus produces a holding
force by contact with the propellant module 2, which holds the propellant module 2.
The holding elements 5 act in particular in the radial direction, i.e. they produce a

radial force in the direction of the propellant axis A.

The pressure, in turn, can be produced, for example, by means of a pressure genera-
tor 18 which is not shown in detail, such as a pump or a compressor. For this pur-
pose, a connection 6 is provided on the holding element 5 for connecting a hydraulic
and/or pneumatic line system. In this way, the fluid 21 can be fed in and out, where-
by control of the pressure inside the holding element 5 is possible. For example, a
high holding force can be produced by means of a high pressure and a low holding
force by means of a lower pressure. By means of an adapted pressurization of the
holding element 5, the holding force can be adjusted. In this way, different propel-
lants 3 can be held reliably and without damage. Preferably, the individual connec-
tions 6 of the holding elements 5 can be activated individually, whereby the holding
elements 5 can be activated together and/or separately. In order to be able to addi-
tionally check the pressures in the holding elements 5, sensors which are not shown

in more detail may be provided, which measure the internal pressure of the holding
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elements 5. In this way, feedback can be carried out and the holding pressure can be
controlled as required or a defect can be detected.

According to the present exemplary embodiment, the holding element 5 is in the
form of a cushion, in particular as a high-pressure cushion, which has a cuboid shape
overall. Alternatively, however, designs are possible, for example, with round, oval,
tubular or other cushions. The holding element 5 may also be made of a plastic mate-
rial and, for example, may have a membrane. In this way, when holding a propellant
module 2 the holding element 5 can be adapted to the outer contour of the propellant

module 2.

In order to now allow a separation and/or a joining together of the propellant mod-
ules 2, as fig. 1 further shows, a second module holder 4.2 is provided. This also has
at least one expandable holding element 5. The first module holder 4.1 and the sec-
ond module holder 4.2 can be of almost identical form. According to the present em-
bodiment, however, the second module holder 4.2 is in the form of an elongated
module holder 4.2, in particular as a type of rail, with a number of holding elements
5. The holding elements 5 are arranged on the module holder 4.2 one after the other
in particular in the longitudinal direction as a type of row. The propellant modules 2
from which a first propellant module 2 is to be separated can be held using the sec-
ond module holder 4.2, while the separation of the first propellant module 2 can be
carried out by means of the first module holder 4.1 which is holding the first propel-

lant module 2.

According to the present exemplary embodiment, the second module holder 4.2 has a
total of five holding elements 5 and is of a fixed form relative to the frame 11 and in
particular to the module holder 4.1. In particular, the second module holder 4.2 may,
for example, be attached directly to the weapon system 13 and/or may be distanced
from a propellant holder 9 holding the propellant 3. The holding elements 5 of the
module holders 4.1, 4.2 can preferably be activated individually and expanded as

required.
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The first module holder 4.1 is designed to be movable relative to the second module
holder 4.2. In this way, the advantage is provided that the first module holder 4.1 can
be moved for portioning and/or separating the propellant modules, whereas the sec-

ond module holder 4.2 holds the remaining propellant modules 2.

Fig. 3 shows the propellant portioning device 1 in cross-section. According to the
illustration, the three expandable holding elements 5 are arranged along the tongs-
shaped module holder 4.1. The expandable holding elements 5 of the second module
holders 4.2 are arranged in a row, so that in this illustration only one expandable
holding element 5 is visible in the upper part of the figure.

In fig. 1, the holding elements 3 are initially contracted and not expanded. The pres-
sure inside the holding elements 5 is rather low. In this position, the propellant por-
tioning device 1 is ready for receiving propellant modules 2. In fig. 3, the pressure
inside the holding elements 5 and thus their volume has become greater, since the
cushions as holding elements 5 have been inflated with a fluid 21, in particular com-

pressed air, whereby the holding force is produced.

Using the illustrations in fig. 2.1 to 2.3, a separation process in a propellant portion-
ing device 1 according to the invention will be explained in more detail. For a joining

process, the corresponding steps can be taken analogously in reverse order.

For portioning a propellant 3, this can be positioned according to fig. 2.1 in the hold-
er 9 and the expandable holding elements 5 of the second module holder 4.2 can be
expanded against the propellant 3. The positioning of the propellant 3 in the holder 9
can be carried out automatically by a positioning device or manually by a user. It is
suitable to design the holder 9 with a positioning aid which is not illustrated, for ex-
ample a stop, for easier positioning of the propellant 3. In this case, the propellant
module 3 to be separated is not gripped by the holding elements 5 of the second
module holder 4.2.
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During the expansion of the expandable holding elements 5 of the second module
holder 4.2, the propellant 3 composed of a plurality of propellant modules 2 is at
least partly pressed against the holder 9, so that a clamping results between the hold-
ing elements 5 of the second module holder 4.2 and the propellant 3 and a corre-
sponding counter-clamping results between the holder 9 and the propellant 3. The
clamping and the counter-clamping can be controlled by the pressure in the expanda-

ble holding elements 5.

During the process of expansion of the expandable holding elements 5, their surface
adapts to the contour of the propellant 3. Due to this adaptation, an optimal force
transfer, in particular an optimal clamping, can take place between the surfaces of the

expandable holding elements 5 and the propellant 3.

The movable first module holder 4.1 is meanwhile in the pick-up position, wherein
the expandable holding elements 5 of the first module holder 4.1 are relaxed, conse-

quently contracted.

For portioning, the first module holder 4.1 can be moved into the portioning position
according to fig. 2.2 by means of the spindle 7 and the drive 8. Due to the tongs-
shaped embodiment, the first module holder 4.1 can be positioned so that the propel-
lant module 2 to be portioned is located in the first module holder 4.1 after the

movement.

Subsequently, the expandable holding elements 5 of the first module holder 4.1 are
expanded so that the propellant module 2 to be separated is clamped in the first mod-
ule holder 4.1 and the propellant module 2 is gripped. Due to a small offset of the
propellant axis A or the axes of the first and the second module holders 4.1, 4.2 and
the eccentricity of the holding elements 5, this gripping results in a slight bending at
the connection point of the second or further propellant modules 2 and the propellant
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module to be portioned 2, so that the portioning of the propellant module 2 is facili-
tated during subsequent movement of the first module holder 4.1.

In addition, it is provided in the embodiment according to the illustration in fig. 2.2
that one of the expandable holding elements 5 of the first module holder 4.1 is ar-
ranged on the module holder 4.1 below the propellant module to be portioned 2. By
expanding this expandable holding element 5, a slight lifting of the propellant mod-
ule to be portioned 2 can be achieved during gripping, so that this is lifted off from
the holder 9.

If the propellant module 2 to be portioned is gripped by the first module holder 4.1
and bent slightly, the portioning of the propellant module 2 is carried out by a
movement of the first module holder 4.1 along the spindle 7. During the portioning
process, the remaining propellant modules 2, which are joined together for the pro-
pellant 3 and which are not to be portioned, remain fixed by the second module hold-
er 4.2, wherein the expandable holding elements 5 remain expanded accordingly.

In the following, the first module holder 4.1 is then transferred to the transfer posi-
tion shown in fig. 2.3. Here, the holding elements 5 of the first module holder 4.1
remain expanded and the propellant module 2 is gripped accordingly. At the transfer
position, the single propellant module 2 can then be transferred, for example, to the

magazine 14, the weapon 15 or another ammunition body handling device 16.

Once the propellant module 2 has been transferred, the propellant portioning device 1
is again in the pick-up position. The process is then repeated, wherein that holding

element 5 of the second module holder 4.2 which holds a propellant module of the

propellant 3 to be portioned 2 in this portioning process is contracted, so that this can
be portioned from the first module holder 4.1 in the further method. The propellant 3
can be pushed into a front position for this purpose, for example by means of a slider,
in particular in the direction of the first module holder 4.1, so that the next propellant

module 2 to be separated is not held by the module holder 4.2. The process is repeat-
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ed until the portioning of the propellant 3 into individual propellant modules 2 is
completed.

The propellant portioning device 1 further has a sensor 10, which can be used for
determining the position of the propellant 3 and/or the portioned propellant module 2
and/or the movable first module holder 4.1. It may be provided to design the sensor
10 as a speed sensor and/or accelerometer. It is also conceivable to determine the
type or positioning of the propellant using the sensor 10. Infrared or ultrasonic sen-
sors or laser sensors or sensors which can process visible light are suitable as a sen-
sor 10. Accordingly, a camera may be provided alternatively or in addition to the
sensor 10.

While in the illustration the propellant 3 is portioned into individual propellant mod-
ules 2, the application of the propellant portioning device 1 is by no means limited to
this. It may also be provided that the propellant 3 is portioned into pairwise compo-
site propellant modules 2, for example. Depending on the specification, a propellant

3 can thus be portioned into two or more propellant modules 2.

Using a propellant portioning device according to the invention 1, differences be-
tween the different forms and types of propellants 3 can be compensated. Using the
expandable holding element 5, which is positioned on the module holder 4.1 and/or
the module holder 4.2, the different geometric propellant 3 can be held securely. The
holding elements 5 can be filled independently of each other as required, in such a
way that the light, filigree propellants 3 are not damaged.

The propellant portioning device 1 according to the invention can be used in a weap-
on system 13 shown in fig. 4 by way of example, in particular a battle tank or an ar-
tillery gun, which has a weapon 15, in particular a barrel weapon, and a propellant
magazine 14 with multiple propellants 2. The propellant portioning device 1 is part
of a propellant handling device 12. The propellant handling device 12 may be ar-

ranged in the ammunition flow between the propellant magazine 14 and the weapon
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15. Universal use can be carried out by adjusting by means of the expanding holding
element 5. The propellant handling device 12 is used here as a loading device for

feeding propellants 3 to the weapon 15.

Alternatively or additionally, a corresponding propellant portioning device 1 can also
be used for ammunitioning and/or de-ammunitioning. For this purpose, the propel-
lant portioning device 1 may be arranged as part of a propellant handling device 12
in the ammunition flow between an external propellant magazine or an external am-

munition store and an internal propellant magazine 14.

Alternatively or additionally, a corresponding propellant portioning device 1 can also
be used for ammunitioning and/or de-ammunitioning. For this purpose, the propel-
lant portioning device 1 can be moved, for example, into the area of a hatch 17 of the
weapon system 13. Now propellants 3 can be introduced from the outside into the
weapon system 13, for example by means of an ammunitioning and de-
ammunitioning device, as described for example in DE 10 2011 050 430 A1, or
manually and can then be further processed by means of the propellant portioning

device 1.

The propellant handling device 12 may also have an ammunition body holding de-
vice 16, which in particular is pivoted around a pivot axis and, for example, can be
pivoted from a horizontal position into a vertical position. In particular, the ammuni-
tion body holding device 16 can be moved into a suitable position relative to the pro-
pellant portioning device 1 for transferring the propellant modules 3. The transfer can
be carried out in particular in a vertical and/or horizontal position. Intermediate posi-
tions are also conceivable. In addition, the ammunition body holding device 16 can
be mounted movably, for example, to bridge distances between a position behind the
weapon 15 and a propellant magazine 14 and to be moved to the current position of
the propellant portioning device 1. Alternatively or additionally, the handling device

12 may preferably be arranged to be movable within the weapon system 13.
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The propellant portioning device 1 has the task of separating a propellant rod 3, con-
sisting of a number of propellant modules 2 which are joined together into individual
propellant modules 2. For this purpose, the propellant rod 3 is placed on a shell 9.
Here, all propellant modules 2 are clamped, except for the propellant 2 to be re-
moved. The clamping is carried out pneumatically by means of high-pressure cush-
ions 5, which are attached to the module holder 4.2. Subsequently, the propellant
module 2 to be removed is separated from the propellant rod 2 by means of the mod-
ule holder 4.1 in the form of a fork, which has a plurality of high-pressure cushions
5. The separation is carried out by means of a linear movement, in particular by
means of an electric spindle drive, the module holder 4.1 and the high-pressure cush-
ions 5, which are arranged eccentrically. The propellant module 2 is then moved to
the end position. This position is measured by means of a laser sensor 10. The sepa-

ration of the further propellant modules 2 is carried out analogously.

The main advantage of the device 1 is that the clamping of the propellant modules 2
by means of the holding elements 5 is force-controlled. The clamping force can be
controlled via the pneumatic pressure. As a result, different types of propellant,
which only allow specific radial forces, can be separated reliably and without dam-
age. Another advantage is the fully automated functional sequence of the removal
process. Using the laser rangefinder 10 in conjunction with the regulated drive of the
module holder 4.1, the propellant rod 2 and then the removed propellant module 2
can be positioned precisely, so that in the further process the propellant module 2 can
be conveyed further automatically. In addition, it is possible not only to separate an
individual propellant module 2 but also, according to what is required, to separate a
rod with two or more propellant modules 2. In this way, it is made possible to sepa-
rate a propellant rod 3 in a fully automated manner and to deliver it by a reliable
process to the point of use in an artillery gun or the like. In addition, it is possible, if
a propellant module 2 cannot be removed, to convey the propellant 3 back again or to

convey it out.
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Fig. 5 shows schematically the pressure distribution with a pressure generator 18, for
example a controllable pump. The holding elements 5 are connected to the pressure
generator 18 via a line and valve system which is connected to the connections 6.
The holding elements 5 are connected to the pressure generator 18 via one or more
lines 20 and one or more valves 19. The pressure generator 18 can introduce a fluid
21 through the lines 20 into the interior of the holding elements 5, whereby the hold-
ing element 5 expands. Analogously, the fluid 21 can also be drained again from the

holding element 5, whereby it contracts.
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propellant portioning device
propellant module
propellant

(first) module holder
(second) module holder
expandable holding element
connection

spindle

drive

holder

sensor

frame

propellant handling device
weapon system

propellant magazine
weapon

munition body holding device
hatch

pressure generator

valve

line

fluid

propellant axis
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Claims:

A propellant portioning device for a propellant (3) formed from a plurality of
individual propellant modules (2) with at least two module holders (4.1, 4.2),
wherein, the module holders (4.1, 4.2) each have at least one expandable
holding element (5) for holding a propellant module (2)

characterized in that,

the module holder center axes of the at least two module holders (4.1, 4.2) are
arranged offset relative to each other.

The propellant portioning device as claimed in claim 1, characterized in that
the holding element (5) is configured to be expanded by the pressure of a flu-
id (21), in particular wherein the fluid (21) is introduced into the interior of
the holding element (5).

The propellant portioning device as claimed in any one of the preceding
claims, characterized by a pressure generator (18) for producing a pressure

inside the holding element (5).

The propellant portioning device as claimed in any one of the preceding
claims, characterized in that a holding force is to be adjusted by adapted pres-

surization of the holding element (5).

The propellant portioning device as claimed in any one of the preceding
claims, characterized in that the holding element (5) is configured to be ex-
panded in a direction of a traverse axis of the respective module holder (4.1,

4.2), the traverse axis being perpendicular to the propellant module axis (A).

The propellant portioning device as claimed in any one of the preceding
claims, characterized in that the propellant module (2) is arranged to be
clamped in the module holders (4.1, 4.2) by means of the respective holding

element (5).
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10.

11.

12.

13.

30

The propellant portioning device as claimed in any one of the preceding
claims, characterized in that the module holders (4.1, 4.2) each has at least
two holding elements (5), in particular three holding elements (5) along the

perimeter.

The propellant portioning device as claimed in any one of the preceding
claims, characterized in that the holding element (5) is in the form of an ex-

pandable cushion.

The propellant portioning device as claimed in any one of the preceding
claims, characterized in that the holding elements (5) are configured to be ac-

tivated to expand individually and/or together.

The propellant portioning device as claimed in any one of the preceding
claims, wherein one of the at least two module holders (4.1, 4.2) is a first
module holder (4.1) and the other of the at least two module holders (4.1, 4.2)
is a second module holder (4.2), characterized in that the first, in particular
movably formed, module holder (4.1) and the second, in particular fixedly
formed, module holder (4.2) are configured to move relative to each other.

The propellant portioning device as claimed in claim 10, characterized in that
a first propellant module (2) is configured to be transferred from a portioning

position into a transfer position by movement of the first module holder (4.1).

The propellant portioning device as claimed in any one of the preceding
claims, characterized by a propellant holder (9) for holding the propellant (3).

The propellant portioning device as claimed in any one of the preceding
claims, characterized by a sensor (10) for determining the position of at least

one propellant module (2).
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A propellant handling device,
characterized by
a propellant portioning device (1) as claimed in any one of the preceding

claims.

A weapon system with a propellant magazine and a weapon,
characterized by

a propellant handling device (12) as claimed in claim 14.

The weapon system as claimed in claim 15, characterized in that the propel-
lant handling device (12) is designed and arranged in at least one of the fol-
lowing manners to be used for ammunitioning and/or de-ammunitioning of a
propellant (3):

(i) the propellant handling device (12) is arranged in an ammunition
flow between a propellant magazine (14) and a weapon (15), wherein the
propellant handling device (12) is used as a loading device for feeding the
propellant (3) to the weapon (15); and

(ii) the propellant handling device (12) is arranged in an ammunition
flow between an external propellant magazine or an external ammunition

store and an internal propellant magazine (14).

The weapon system as claimed in claim 15, characterized in that the propel-
lant handling device (12) includes an ammunition body holding device (16)
pivotable between a horizontal position and a vertical position, wherein the
ammunition body holding device (16) is configured to be mounted movably
to bridge distance between a position behind a weapon (15) and a propellant
magazine (14) and to be moved to a positive relative to a propellant portion-
ing device (1) of the propellant handling device (12) for ammunitioning
and/or de-ammunitioning of a propellant (3).

A method for portioning a propellant (3) formed from a plurality of individual
propellant modules (2) with a propellant portioning device (1) as claimed in
any one of the preceding claims 1 to 13.
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The method as claimed in claim 18, characterized in that a first propellant
module (2) is held by means of a first module holder (4.1) and at least a sec-
ond propellant module (2) is held by means of a second module holder (4.2)
and the propellant modules (2) are separated from each other and/or joined

together by a relative movement of the module holders (4.1, 4.2).

The method as claimed in claim 18 or 19, characterized in that a pressure is
produced inside the holding element (5) by the introduction of a fluid (21) in-
to the holding element (5), whereby the holding element (5) is expanded.



