EP 0932 012 A2

Européisches Patentamt

European Patent Office

(19) p)

(12)

Office européen des brevets

(43) Date of publication:
28.07.1999 Bulletin 1999/30

(21) Application number: 99850004.5

(22) Date of filing: 15.01.1999

(11) EP 0932 012 A2

EUROPEAN PATENT APPLICATION

(51) Intcle: FA1A 9/76, F41A 9/82,
F41A 9/39

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 27.01.1998 SE 9800207

(71) Applicant: Bofors AB
691 80 Karlskoga (SE)

(72) Inventor: Berglund, Bengt
691 48 Karlskoga (SE)

(74) Representative: Falk, Bengt
Bofors AB
Patents and Trademarks
691 80 Karlskoga (SE)

(54) Loading system for an artillery gun

(57)  The present invention relates to a piece-mount-
ed shell magazine (7) of the endless chain conveyor
type intended for preferably self-propelled artillery piec-
es (1), which magazine, as a result of its design and the
fact that it is mounted on the elevating system (4) of the

piece, is capable in an effective manner of having in
readiness a sufficient firsthand requirement of shells
(24) which may be of different types and are all promptly
available for firing in any order. The shell magazine (7)
according to the invention is also very suitable for mod-
ernizing older pieces.
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Description

[0001] The present invention relates to a shell maga-
zine which is intended for preferably heavier self-pro-
pelled artillery pieces, is arranged on the elevating sys-
tem and is designed in such a manner that any shell
within the magazine is always available for loading into
the piece. Moreover, the magazine has sufficient capac-
ity for modern artillery tactics.

[0002] The result of modern technical possibilities of
using radar or other methods to establish very rapidly
the exact location of an artillery piece that is firing is that
it will in future be necessary within the artillery to antic-
ipate firing a sufficient number of shells, within a very
short space of time, to combat the target in question and
then, preferably even before the shells have reached the
target, leaving the firing position for a new one sufficient-
ly far away from the first one so as not to be affected by
the counterfire which it has to be expected will be direct-
ed against the original gun position. This "gun and run"
technique requires artillery pieces with very good inher-
ent mobility and with very effective and rapid reloading
systems which provide the necessary firing capacity.
[0003] A cost-effective way of modernizing older
types of towed artillery pieces and those that have only
limited inherent mobility has proved to be mounting
these on so-called dumpers which give them the desired
mobility and also providing them with more effective
loading systems which give them the desired firing ca-
pacity. This is because the elevating systems of the ar-
tillery pieces manufactured over the last 20-30 years,
with barrels, bolts etc., have as a rule proved to have
good development possibilities which fully justified mod-
ernizing these pieces especially as modern ammunition
gave them considerably greater range than the original.
[0004] As far as ammunition handling and loading
systems are concerned, it is in the first place a matter
of moving away from all manual handling of the heavy
and unwieldy shells. The propelling charges, irrespec-
tive of whether these are in the form of loose charges
such as cartridges or of so-called modular charges or of
ready charge cases, are, on account of their very much
lower weight in all these alternatives, considerably eas-
ier to handle even manually and at high loading rates.
At the same time, as a result of the lower weight of the
charges, it is as a rule easier to arrange storage maga-
zines and automatic loading functions for these. At the
same time, however, it is true that it may frequently be
desirable to vary the charge strength between propelling
charges in one and the same artillery volley, e.g. when
it is desirable to fire a number of shells on different tra-
jectories so that they all reach the target approximately
simultaneously, and it can then be advantageous to be
able to handle the propelling powder charges individu-
ally.

[0005] As already mentioned, the present invention
relates to a shell magazine which is intended for prefer-
ably self-propelled heavier artillery pieces and is ar-
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ranged on their elevating system. Among the advantag-
es of the shell magazine according to the invention, it
may be mentioned that, in spite of the fact that it can be
designed in order to accommodate the maximum
number of shells of which the weight can be supported
by the elevating system of the piece, it is nevertheless
designedin such amanner that any shell within the mag-
azine in question is always available for immediate load-
ing. The magazine is moreover designed in such a man-
ner that fired shells can easily be replaced even if these
were originally taken from different places within the
magazine.

[0006] In Swedish Patent Application 9201433-1
(USA Patent 5,347,911), for example, the possibility has
previously been proposed of providing an artillery piece
with a shell magazine which is mounted on the elevating
system of the piece and which would therefore follow
the latter in both its elevation and its lateral direction.
The type of magazine that is proposed in this patent is,
however, of a refined revolver type and, for purely prac-
tical reasons, this provides room for only a relatively
small number of shells. On the other hand, the rotatable
revolver magazines have the advantage that they make
it possible to select freely from the shells in the maga-
zine.

[0007] Another type of shell magazine connected to
the elevating system of the piece is described in GB-A-
1,490,112. The magazine described therein is also of
the revolver type although it comprises a number of re-
volvers for complete charges, where each revolver
chamber accommodates two charges arranged one be-
hind the other and only the rear charge in the respective
chamber is therefore directly available for loading.
[0008] According to the present invention, it is pro-
posed that the artillery piece concerned is provided with
a magazine which is rigidly connected to the elevating
system of the piece and which extends over the elevat-
ing system, from or preferably slightly outside its one
side, across the same and down along its other side,
said magazine accommodating internally an endless
chain conveyor which is provided with a number of com-
partments for individual shells, is deflected around guide
wheels and the direction of, preferably mechanical,
transport of which is optional, and the interior of the mag-
azine also having guide rails along which the shells
transported by the endless chain conveyor bear directly
orindirectly, and also that the magazine has, in proximity
to its lowest point along that part of the chain conveyor
which extends down along the side of the elevating sys-
tem, a discharge opening which can be opened on com-
mand and where said guide rails can be folded aside so
that a shell located adjacent to this openingis then trans-
ferred to a loading bridge pivoted into said opening.
[0009] The loading bridge can then in turn be de-
signed in such a manner that it has a front part which
receives the shell and also a rear part in which a propel-
ling charge, e.g. in the form of a unit charge case, the
necessary number of modular charges or other propel-
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ling powder charge, can be positioned, after which the
shell, preferably simultaneously with mechanical or
electronic fuse programming, is backed up to form an
appropriately brought-together unit with the charge, af-
ter which the shell and the charge are rammed home as
a unit in the barrel of the gun in question.

[0010] W.ith the shell magazine described purely gen-
erally above, it is possible to achieve a capacity of be-
tween 20 and 30 shells in a 155 mm artillery piece and
still give the piece an acceptable load profile. Moreover,
the magazine has an upper horizontal endless chain
conveyor portion which, through openable hatches in
the protective shell, which should preferably surround
the loading system and other splinter-sensitive parts of
the piece, can easily be replenished with new shells.
[0011] The shell content of the shell magazine can
then be replenished either by means of a crane which
lifts one or more shells in from above and directly down
into empty compartments in the upper horizontal portion
of the endless chain conveyor, or by means of a pendu-
lum lifting arm which is mounted in the elevating system
of the piece and can be pivoted up from its one side and
which has at its free end a shell cradle which is prefer-
ably equipped with special shell-clamping members and
in which one shell at a time can be positioned directly
from ground level in order then to be pivoted upwards/
inwards by the pendulum lifting arm towards that com-
partment in the horizontal portion of the endless chain
conveyor which is to be refilled, and when the shell cra-
dle has reached this unloading position, the shell-clamp-
ing members mentioned previously are released and
the shell is then tipped into the compartment concerned.
If such a pendulum lifting arm is not double-articulated,
it will be able to reach only one of the different positions
of the shell compartments in the upper horizontal portion
of the endless chain conveyor but this will probably not
have any significance because empty shell compart-
ments can always be moved to this loading position ir-
respective of where they were originally located in the
magazine.

[0012] The invention has been defined in the patent
claims below and it will now be described in somewhat
greater detail in connection with the appended figures,
in which:
Figure 1 shows an inclined projection of a dumper-
mounted arlillery piece designed in the
manner concerned here,

shows a slightly different inclined projection
of the elevating system in the piece accord-
ing to Fig. 1 (in this figure, the splinter-pro-
tection of the magazine housing is not
drawn so that it does not conceal certain
components),

shows on enlarged scale a section of the
shell magazine and other parts of the piece
along the section line IlI-1ll in Fig. 2 while
shows on enlarged scale a section of the

Figure 2
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Figure 4
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shell magazine and other parts along the
section line IV-1V in Fig. 2, and

Figure 5 shows the rear part of the piece in question
provided with a side-acting pendulum lifting
arm.

[0013] In all the figures, corresponding components

have been given the same reference numbers irrespec-
tive of the different scale of the figures.

[0014] The complete artillery vehicle 1 shown in Fig.
1 comprises the actual dumper vehicle 2 which for its
special function has been provided with an armoured
personnel cab 3 which is designed so as to provide room
for artillery personnel and also necessary data and com-
munication equipment and also room for carrying out
necessary firing calculations.

[0015] Also present is the elevating system 4 which
comprises the gun with its barrel 5 with barrel protection
6 fixed to the gun, and two openable front hatches 6a
and 6b fixed to the gun carriage, and a shell magazine
7 with splinter protection 8 which can be closed by being
moved in the direction of the arrow. (In Fig. 1, the splinter
protection 8 is open in order to make the top side of the
magazine accessible.) Also included therein is a loading
bridge 9 with accessories and also a ram 10 (see Fig.
2) and a small standby magazine 11 for propelling pow-
der charges. Additional propelling powder charges are
carried in the storage magazines 12 and 13 fixed to the
dumper.

[0016] The purpose of the barrel protection 6 is on the
one hand to protect the recoil system of the gun from
splinter and on the other hand to screen the hot barrel
from the environment so that it is more difficult to locate
using IR-sensitive equipment.

[0017] The shell magazine 7 is provided internally
with three guide wheels 14-16 (see Fig. 3), around which
an endless chain conveyor 17, which in the examples
shown consists of 24 interlinked shell compartments 18,
is arranged in a mechanically displaceable manner. The
endless chain conveyor 17 forms a continuous loop with
two portions 19, 20 extending one above the other over
the elevating system from its one side to its other side,
and two side portions 21, 22 (an inner 21 and an outer
22) extending down along its right side. The shell mag-
azine housing 7 is also provided internally with guide
strips 23 (a front one and a rear one) on which the shells
24 positioned in the shell compartments 18 and, respec-
tively, the shell compartments 18 rest and along which
these are displaced.

[0018] All the shell compartments 18 are also open
outwards away from the guide wheels 14-16. This
means that the shell compartments 18 in the upper por-
tion 19 of the endless chain conveyor 17 are open up-
wards and that the shells in this part of the magazine
are supported entirely by the shell compartments which
in turn rest on their own guide strip here. Any empty shell
compartments can thus be filled from this side provided
that the shell magazine 7 can be opened in this part.
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Accordingly, this can take place e.g. by means of acrane
but can also take place using the pendulum arm illus-
trated in Figure 5.

[0019] Close to the inner side part 21 of the endless
chain conveyor 17 at the level of the lower guide wheel
16, the guide strips 23 can be opened, which means that
that shell 24 which, in its compartment 18, is located at
the level of this opening 25 when the guide strips 23 are
moved aside will be transferred to the loading bridge 9
provided that this has been pivoted in towards the open-
ing in question. From this position, the loading bridge 9
can be pivoted in towards the loading opening 26 of the
barrel 5, after which the ram 10 is actuated.

[0020] In orderthat a high ramming rate can be used,
however, it is necessary for the shell 24 itself to have
been brought together beforehand with the propelling
powder charge to form an appropriately held-together
unit so that these can be rammed home as a unit. The
fuse of the shell must also be programmed. In this con-
nection, refer to Fig. 4. As can be seen from this figure,
a shell 24' from the shell magazine 7 has been guided
down onto the loading bridge 9. The latter also has room
for a propelling powder charge 28, in this case in the
form of a charge case which has been supplied sepa-
rately. As soon as the shell and the charge case are in
position, a member 27 for combined fuse programming
and bringing together is actuated, which engages over
the front part of the shell, i.e. its fuse, and, at the same
time as fuse programming is carried out (mechanically
or electronically), moves the shell 24' in the direction of
the arrow A until the shell and the propelling powder
charge 28 form an appropriately held-together unit, after
which the member 27 is returned to its starting position
and the loading bridge 9 is transferred to the loading
position directly adjacent to the loading opening of the
barrel 5.

[0021] InFigure 5, only the rearmost part of the dump-
er vehicle 2 and the rearmost part of the elevating sys-
tem 4 are shown. On the other hand, the entire maga-
zine 7, the loading bridge 9 and the ram 10 and also
parts of a shell 24" lying on the loading bridge 9 and a
propelling powder charge 28" are shown. The pendulum
loading arm illustrated in the figure has been given the
reference number 29. It is fastened pivotably to the el-
evating system 4 of the gun via two bearings 30, 31.
Mounted in the same bearings, so as to fold up, is a pro-
tective frame 32. In the figure, this is drawn in its folded
down position. During movement, it can be folded up
towards the magazine 7. The pendulum loading arm 29
has a shell cradle 33 at its free outer end. This cradle is
provided with gripping members (not drawn in the figure)
which hold a shell 24" positioned in the same until the
pendulum arm has reached its final position. The refilling
position of the pendulum loading arm 29 is drawn in bro-
ken lines in the figure. In this position, shells can be po-
sitioned in the shell cradle, after which the drive mem-
bers (concealed in the figure) of the pendulum loading
arm, in the form of a hydraulic piston assembly, pivots
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the arm up in the direction of the arrows B, past the po-
sition drawn in the figure, until the shell cradle 33 is lo-
cated directly above the empty shell compartment 18',
drawn in the figure, in the magazine 7. In this position,
the shell-gripping members mentioned previously are
released and the shell 24" is tipped into the shell com-
partment 18' and the pendulum loading arm 29 is re-
turned to the starting position down between the arms
of the protective frame 32, and at the same time the next
empty shell compariment is advanced to the receiving
position previously occupied by the shell compartment
18". The shell cradle 33 of the pendulum loading arm
can be loaded with a new shell, either manually or me-
chanically, when it is in its lower refilling position be-
tween the arms of the protective frame 32.

[0022] By virtue of the fact that the direction of move-
ment of the endless chain conveyor is optional, a
promptly required shell can be conveyed to the dis-
charge position 25, at the same time as the specific po-
sitioning of the endless chain conveyor on the elevating
system of the gun and its own special design provide a
high magazine capacity and short and rapid ramming
operations. The magazine is moreover easy to refill.
[0023] The magazine system outlined above is there-
fore effective in terms of both action and cost.

Claims

1. Shell magazine (7) of the endless chain conveyor
type intended for preferably heavier self-propelled
artillery pieces (1), comprising a number of shell
compartments (18) which are arranged parallel to
one another and connected, by means of links
adapted thereto, to form an endless chain conveyor
which is movable around guide wheels (14-16), and
which compartments can each receive a shell (24),
characterized in that said endless chain conveyor
(17) is arranged in a magazine (7) connected rigidly
to the elevating system of the gun (5), where the
endless chain conveyor extends around the guide
wheels (14-16) in a loop with an upper portion (19)
and a lower portion (20) across the upper part of the
elevating system (4) and also an outer portion (22)
and an inner portion (21) down along at least one
side of the elevating system, the magazine (7) hav-
ing at the level of its lower part an openable and
closable discharge opening (25) for discharging the
shell (24") from that shell compartment (18) which
is located at the level of the discharge opening (25)
when it is open.

2. Shellmagazine accordingto Claim 1, characterized
in that the shell compartments (18) included in the
endless chain conveyor (17) are open in the out-
ward direction away from the guide wheels (14-16)
and in that the inside of the magazine (7) has guide
strips (23) against which the shell compartments
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and, respectively, the shells located in the shell
compartments can bear as necessary.

Shellmagazine (7) according to Claim 2, character-
ized in that the magazine (7) is designed with an 5
openable upper part (8) and replenished by a pen-
dulum lifting arm (29) which is fastened to the ele-
vating system of the gun below the magazine and
is pivotably movable transversely to the longitudinal
direction of the gun and with which shells (24"") can 70
be lifted mechanically from ground level up to the
upper horizontal portion (19) of the endless chain
conveyor (17) in order there to be transferred into
an empty shell compartment (18').

15
Shell magazine (7) according to one of Claims 1-3,
characterized in that it is complemented by a load-
ing bridge (9) which is displaceable from a position
at the level of the discharge opening (25) of the shell
magazine to a position directly adjacent to the load- 20
ing opening (26) of the gun and which, in addition
to room for a shell (24'), also provides space for a
propelling powder charge (28), the loading bridge
being complemented by a member (27) for backing
up the shell (24') towards the propelling powder 25
charge (28) and bringing these together to form an
appropriately held-together unit before they are
rammed home as a unit in the loading opening (26)
of the gun (5).

30

Shellmagazine (7) according to Claim 4, character-

ized in that the member (27) for bringing together

the shell (24') and the propelling powder charge (28)

is also used for setting the fuse of the shell before

the latter is rammed home in the gun. 35
40
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50
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