3 1 MAR 2004 -1 AVMMUNI TI ON HANDLI NG SYSTEM 5 | NTRODUCTI ON Thi s invention
relates to an anmunition handling systemfor a gun and nore pargiiggfﬁgi
to such a system which accurately and automatically delivers a s@ri 004
rounds to the breech of a gun, preferably a large calibre gun. 10
BACKGROUND Anmruni tion supplying systens are well known wherein a | arge
calibre gun is nounted on a gun carriagé.- The barrel of the gunis
controllable in elevation on 15 the carriage and the carriage is
controllable in azimuth. For exanple, in US. Patent No. 3,218,930, the

I nvention relates to an ammunition handling system wherein stationary
magazi nes provide a projectile to a hoist which |ifts the projectile up to

a carrier. The carrier recmmmates to the azimuth
position of the gun carri adge: i the gun azinuth 20
position, the projectile is received fromthe carrier by a cradle in the
gun carriage which is rotated about the gun support trunnion upwardly to a
positions SUSITROBUCTION projectile is adjacent the rear of the gun and the
cradle axis is parallel to the axis of the gun bore. The projectile is

transferred fromthe cradle to a transfer tray and the tray is then swng

downwardly t0o a positio lch_Ls kal  wdth t The
projectile @St'ﬂg%%}oﬂﬁéa&n@oab hae'ﬁ@r%)'eﬁg@ﬁ %‘%ﬁ&g%%%?ghfwg% ggﬂs@ g‘|E1I{:‘5]rreom
the magazi ngdiQuIhMEIPSIECHE 896tam Whichef@tategairel awtoniatichily delivkgaai serieshave
been used with large calibré artillery weapons to achieve a higher rate of
fire, as cafpaueds tothebwsich afadguwy wefgabiyum@ige salitieddwn. The exi sting
proj ect il(l)e magazi nes that are currently operating

BACKGROUND

Ammunition supplying systems are well known wherein a large calibre gun is
mounted on a gun carriage. The barre! of the gun is controllable in elevation on
15 the carriage and the carriage is controllable in azimuth. For example, in U.S.
Patent No. 3,218,930, the invention relates to an ammunition handling system
wherein stationary magazines provide a projectile to a hoist which lifts the
projectile up to a carrier. The carrier receives the projectile and rotates to the
azimuth position of the gun carriage. When the carrier reaches the gun azimuth
20 position, the projectile is received from the carrier by a cradle in the gun carriage
which is rotated about the gun support trunnion upwardly to a position such that
the projectile is adjacent the rear of the gun and the cradle axis is parallel to the
axis of the gun bore. The projectile is transferred from the cradle to a transfer tray
and the tray is then swung downwardly to a position which is coaxial with the bore
25 of the gun. The projectile is then rammed into the breech to complete the transfer

from the magazine to the gun breech.

In recent years, projectile magazines have been used with large calibre artillery
weapons to achieve a higher rate of fire, as compared to manual loading by
30 human operators. The existing projectile magazines that are currently operating

in the artillery weapon industry usually have separate projectile tubes linked by



inthe artillery weapon industry usually have separate projectile tubes

l i nked by 31 MAR 2004 -2 neans of a chain, a conveyor belt or any other
means of |inkage for the projectile indexing control. Although gh‘l sﬁﬂésﬂﬂah
met hod may function well according to the specification, it may incur sone
adverse effects due to the fact that the individual projectile tubes are

| i nked (and therefore dependent) on one.another. Hence 5 when the systemis
subj ected to harsh operating conditions and prol onged period of usage,
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operating dh ( _ “7causi ng sron of the chain to | oosen
and hence %&@ﬁﬁ%'&gnfr&?t/&hlﬂﬁﬁéhﬂﬁis de@igronsthaeymay furfetion yedliengcotdingBadkeash

in the nagazine due to e weéar and tear of the chain or belt that  is

l .h nki ng al Is;ileigéica‘;i@%dtmaz@(tuﬂspsze adveree taffe@ta_tdungtptthte rf]aﬁdeali the igéam%ly of
e system 15 (¢ eri odi ¢ maj nt enance. t o mai nt ai e require [
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there is prgui 'gan@ﬁ@ggt%caﬁel@wgd;dmg system conpri sing a support for

supporting a pldrality of projectile tubes, each of said projectile tubes
bei ng adapted to house a projectile, guide neans on the support

(a)  Dynamic loading when the magazine is operating on a rough terrain,

causing the tension of the chain to loosen and hence affecting the indexing

10 accuracy of the system;

(b)  Backlash in the magazine due to the wear and tear of the chain or belt that
is linking all the projectile tubes, hence affecting the indexing accuracy of
the system;

15
(c) Periodic maintenance to maintain the required chain tension, hence

incurring higher operating costs.

The objective of the present invention is to overcome the above defects of the

20  prior art.




for guiding the projectiles tubes along a predeterm ned cl osed | oop path,

and a drive neans which includes at | east one rotatable drive wheel having
a plurality of - recesses, each recess adapted to sequentially re@fvMAR 2004

projectile tube during rotation to thereby directly drive the projectile
tubes received within said recesses along part of said predeterm ned
closed | oop said path to inpart, and as the projectile tubes are

j uxt aposed cl ose enough together along s@d predeterm ned cl osed | oop path,
a pushing novement on those prOJectlle tubes not directly driven by said
drive nean al,d projectile tubes along said

pr edet er m Heg-etesed—t+6o0p—p< ' srerei n no belt of chain connecting

adj acent said prOJectlle tubes is provided to aid in the novenent of said
proj ect i | eAcobrelinglyotw thaiptesamné daventiom ¢hkre | io sprabvideslp an| amrmirﬂiﬂiorbdrlandling
appreciated that the projectile tubes can be noved al ong.the pat
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support f gfeafisli Whith iﬂwudﬁsojae%aslte@net witambid @iri;/eaunreeﬂetaeﬁﬂg e gluhlise bf
| oop path, and a drive neans which includes at |east one rotatable drive

wheel havi rngpessqsi cnrczh :epysscfgdapmbf@s@qsﬁmedbhracws%pauaqoiltledulne:)dlsrgqguematlﬁml y
recelve a rojectil e ur.il ng rotati on to t II.’Ct ro,ve the
proj ecti| etd xég@@tﬁéarw the Rraisstile tabeseeeiven aw@)( b ¢§jajong part
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dlrectly by said drive ngans her e drive all said prOJectlle
t ubes al ongusiing mpowartrron thede qarqsenﬂcl tubps p@tchrectly driven by said drive means

to thereby drive all said projectile tubes along said predetermined closed loop path,
wherein no belt of chain connecting adjacent said projectile tubes is provided to aid
in the movement of said projectile tubes along said predetermined closed loop. It
will be appreciated that the projectile tubes can be moved along the path by pushing
them from behind the direction of motion, rather than pulling a chain or belt to

which they are secured.

Accordingly to the present invention there is provided an ammunition handling
system comprising a support for supporting a plurality of projectile tubes, each of
said projectile tubes being adapted to house a projectile, guide means on the support
for guiding the projectiles tubes along a predetermined closed loop path, and a drive
means which includes at least one rotatable drive wheel having a plurality of
recesses, each recess adapted to sequentially receive a projectile tube during rotation
to thereby directly drive the projectile tubes received within said recesses along part
of said predetermined closed loop said path to impart, and as the projectile tubes are

juxtaposed close enough together along said predetermined closed loop path, a



wherein the at | east one rotatable drive wheel is rotatable about an axis
in both rotational directions to thereby allow all said projectile,t

to be driven in two directions along said predeterm ned cl osed | o]) %ﬁf?ﬂm
Accordingly to the present invention there is provided an anmunition
handling system conprising a support for supporting a plurality of
projectile tubes each of said projectile tubes being adapted to house a
projectile said support conprises two spaced plates, the projectile tubes

bei ng di sposed between the support. plates, guide nmeans on the support for
oul ding. © RBUHeg SaraEnt pBSe pris IS s RsroReh diertl SRy PR Bameansng
a drive neang _anra 0 ' kel I . ] i
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pr edet er m ne cl ose oop path, a pushing novenent along the path on those
proj ecti | erdtaddesal ”ditectidns @otthyrebyialkow hjl saiddpijeatte meberstd be tdrévezbin dwove
all said projectile tubes along said predetermned closed |oop path,

wher ei n ondiredtiansealeng puidipredetemnined clysedilaeripathi t h a | oadi ng aperture, and

the projectile tubes are selectively alignable with said | oading aperture
in order to load a projectile into the projectile tube aligned with the

| oadi ng apegrtur d, t S r. | ' ] :
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cl osed | oo
loop path, and a drive means arranged to drive directly at least one of the projectile

tubes along part of said predetermined closed loop path to impart, and as the
projectile tubes are juxtaposed close enough together along said predetermined
closed loop path, a pushing movement along the path on those projectile tubes not
directly driven by said drive means to thereby drive all said projectile tubes along
said predetermined closed loop path, wherein one of the support plates is provided
with a loading aperture, and the projectile tubes are selectively alignable with said
loading aperture in order to load a projectile into the projectile tube aligned with the
loading aperture and the other of the support plates is provided with a discharging
aperture and the projectile tubes are selectively alignable with said discharging
aperture in order to discharge a projectile from the projectile tube when aligned with

the discharging aperture .

Accordingly to the present invention there is provided an ammunition handling
system comprising a support for supporting a plurality of projectile tubes, each of
said projectile tubes being adapted to house a projectile, guide means on the support

for guiding the projectiles tubes along a predetermined closed loop path, and a drive



means arranged to drive directly at |east one of the projectile tubes al ong
part of said predeterm ned closed |loop path to inpart, and as the

projectile tubes are juxtaposed close enough together along sai 91 HA|$ 2004
predeterm ned cl osed | oop path, a pushing novenent along the path on those
projectile tubes not directly driven by said first drive neans to thereby
drive all said projectile tubes along said predeterm ned closed |oop path,
wherein a plurality of restrainers are dépendent fromeach said projectile
tubes in a pivotable manner to nove radially thereto.in a nner to engage
with the tmpats arsangesderdrbme direcilymtdpast oneof thgprpiectile #%b%gﬁﬁeng&éﬁéﬂf Sél% n a
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6 It is preferre e project es are arranged i h engagenent
with one apeéMeht aldagaherpatiz oantbbe pegietitievwabes hbediredibs drimyn fey said first
acceptabl e, provided "that the projectile tubes can be properly aligned
with the dirive niemsstoatitereby Hrisee all 161l gerdjestileatabesi slomgr saidapeadetarayned
descri bed below. Although it is possible, in principle, for g‘\)e driye mEans
to drive oibsedohopopathecvharein g mlurality s restrpiners arepderieadent, o each said
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of the projecti es are pushed ng by adjacent projectile tubes. W

general |y qitefaed dieeddionvByda rraovible alockings slez08otof thehebypseleetivelye holdbdbe
more preferably at |east 15%thereof. In general. we prefer that lLess than
about 25% profectite ipplice eeliatize taipaid pipisctle wbe and Mrevesh l’bfgomﬁ’é‘oé{m&/ W& .
Typically there vvoggﬁjgt 20 b.(gl bet ween 15 and 30, nost typically 22,

proj ecti | eVhebgnga | d prefer



that about 3 to 7, preferably 4 to 5, of themwere directly driven by the
drive neans. Preferably the predetermned path is in the formof a closed
| oop whereby 25 novenent of any one of the projectile tubes al oQdf MAR 2884
causes novenent of all the other projectile tubes around the [ o0p. In the
preferred enbodi nent the drive neans includes at |east one drive wheel
having a plurality of circunferential recesses adapted to receive one of
the 30 projectile tubes therein, the arrangenent being such that rotation
of the drive wheel drives said projéc@iTe tube along said path. The drive
wheel may - 7 3 1 MAR 2004 conveniently be configured in the formof a
sprocket wheel, i.e., a toothed wheel wth the recesses |ocated
circunferentially between the teeth. The or each drive wheel nay have, for
exanple, 3 to 11 recesses, preferably 7 recesses, equi-spaced about its
circunference. 5 In one enbodinent there are 22 projectile tubes and a
drive wheel with 7 recesses, and at any given tine 5 projectile tubes wll
be received within the recesses, whereby rotation of the drive wheel
directly drives these 5 projectile tubes. The other projectile tubes wll
be pushed along the path by the directly 10 driven projectile tubes. The

th of i ngl jeqtile tube j. foll 0t ' | . be i
bt 51 de of broaehEmd hA e o R, Ehes ve ey  stfade Rt it dhitea ' °
along the patRePYHEREVEOhEnAf gah batiaditiMe MBS MeAbEREEStbIE drib@ledand
It pushes an 15 adj acent downstteam projectile tube along the path. As

nmovenent cohit thegsrpjadtite tupesces bielpropertealigredtwith the driveeseans sndméthothet he

recesses of the rotatjng drive .
10 loading andad{scgarge apertures described below.

Although it is possible, in principte, for the drive means to drive only one projectile

tube at any time. we prefer that a plurality of projectile tubes are directly driven
simultaneously by the drive means. However, we also prefer that the majority of

15 the projectile tubes are not directly driven by the drive means, i.e., we prefer that

the majority of the projectile tubes are pushed along by adjacent projectite tubes.

We generally prefer to drive directly at least 10% of the projectile tubes, more

preferably at least 15% thereof. In general. we prefer that less than about 25%

of the projectile tubes are directly driven by the drive means. Typically there would

20 be between 15 and 30, most typically 22, projectile tubes, and we would prefer

{ that about 3 to 7, preferably 4 to 5, of them were directly driven by the drive

means.

Preferably the predetermined path is in the form of a closed loop whereby
25 movement of any one of the projectile tubes along the path causes movement of

all the other projectile tubes around the loop.

In the preferred embodiment the drive means includes at least one drive wheel
having a plurality of circumferential recesses adapted'to receive one of the
30 projectile tubes theréin, the arrangement being such that rotation of the drive

wheel drives said projectile tube along said path. The drive wheel may



wheel. At this tinme the projectile tube is driven along the path by the
force of the engagenent with the drive wheel, i.e., the walls of the
recess engage and push the projectile tube. The path is arcuate @&rﬂ&ﬁeﬂ]m
projectile tube is received with 20 the fecess. After rotating through
approxi mately 180* about the rotational axis of the drive wheel, the
projectile tube noves out of the recess of the drive wheel, and is again
driven by the upstream projectile tube. In the preferred enbodi nent, the
path is in toevémentolbe aonkgunedan ¢he om offhepraeBepwbeelciel, @ toobiesd ateel

preferably closely packed along.the |oop so that it is not possible for any
of the proj 8dhithare St[ﬁcﬁfﬁgé“"&PB\ﬁ@'ef‘ﬁé”)’pla?twqeﬁdbﬁéﬁ%@m he freaghdrive her

projectile . A gear_ reduct Ni,t . 1 S 4Pr Iy i wel nged
Dol eot e WHRSE: P IRafey POLERBIDS 1 S RIEREA RRRBAY, Yo A
drive wheel o0i-3Padtgnsst iASPidRFereheeMAR 2004 s A hand crank is desirable
for rotating the or each drive wheel manually. The anmunition handling

system wdul d normal |y be automated, and the provision of a hand crank

enabl es the systemto he operated nual Ly in the event of a failur f
the automat i'rbmnesembqqa@eﬁfé%rﬁ 8EF oBHAIFRING tUbeR a«;@peoﬁ?rﬂvecdvﬁﬁqis\a h o
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pl ates. The qui mMeans ses a guide tr n eac t he
support pl ar@sesseRdweredbeRstatibn of iee PIFoE edidd! @ircubesirives thede babiojectile
retained in a respective one of the guide tracks. 10 It is preferred that

one of the $upgsorthepptirasprpigchileotibgsdvillitenpushashalong agepattiry theadirechat

}tge pr oj 1ebct Idlrieert\lf)tggjsec Iréeiuggé.ect ively alignable with said | oadi ng aperture

The path of a single projectile tube is as follows. When the projectile tube is

outside of engagement with one of the drive wheel recesses, it is pushed along

the path by the force of an adjacent upstream projectile tube, and it pushes an

15 adjacent downstream projectile tube along the path. As movement continues, the
projectile tube eventually moves into one of the recesses of the rotating drive

wheel. At this time the projectile tube is driven along the path by the force of the
engagement with the drive wheel, i.e., the walls of the recess engage and push

the projectile tube. The path is arcuate when the projectile tube is received with

20 the recess. After rotating through approximately 180° about the rotational axis of

' the drive wheel, the projectile tube moves out of the recess of the drive wheel, and

is again driven by the upstream projectile tube.

in the preferred embodiment, the path is in the form of an elongate loop. The
25 projectile tubes are preferably closely packed along the loop so that it is not
possible for any of the projectile tubes to move along the path independently of

the other projectile tubes.

A gear reduction unit is preferably operatively arranged between the electric motor

30 and the or each drive wheel to drive the drive wheel in an indexed fashion.



order to load a projectile into the projectile tube aligned with the

| oadi ng aperture. The |oading aperture is usually known in the art as a
fuse setting port, and it can 15 be used for manually setting tlaﬂftd,ﬁ& 700%
the projectile and/or for loading the _pgojectile into the projectile tube.
It is also possible to discharge projectiles through the |oading aperture.
It is further preferred that the other of the support plates is provided
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aperture. The scharging aperture is usua known in the art as a

transfer paahanépdhriktenableste dysterdits bbapgrated nfauatipjrethiel dvert 06 falhere
projectile tube onto a transfer arm 25 A discharging nechanismis

pr ef er abl y ¢frtbeiagéemalendi scharging a projectile from one of the

proj ecti %e tubes when it is aligned wth said discharging aperture. The

di schargi ng nechani sm preferably conprises a di schargi ng nmenber adapted to

push the prigjtgetdrbroredd ePbotiffem! Heslpddt totbpris@Ntv@ sPACONPIAES L dMRNS,
preferably 30 in the formof an electric notor adapted to drive the

di schar gi ngpnopadiiée tibes asedlispnsedobetweenpths eeppore atbe. The guEe20®@ANSs 9

The ammuni ti on handling,. system desirably further conprises a,sensor fo
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neans inpgorder to control 5 activation of the first and second drive neans
i'n response to signals fromthe sensor. . . _ .

It is preferred that one of the support plates is provided with a loading aperture,

and that the projectile tubes are selectively alignable with said loading aperture in

order to load a projectile into the projectile tube aligned with the loading aperture.

Thé loading aperture is usually known in the art as a fuse setting port, and it can

15 be used for manually setting the fuse for the projectile and/or for loading the
projectile into the projectile tube. Itis also possible to discharge projectiles through

the loading aperture.

It is further preferred that the other of the support plates is provided with a
20 discharging aperture, and that the projectite tubes are selectively alignable with
{ said discharging aperture in order to discharge a projectile from the projectile tube
aligned with the discharging aperture. The discharging aperture is usually known
in the art as a transfer port, and it is used for discharging the projectile from the
projectile tube onto a transfer arm.
25
A discharging mechanism is preferably provided for discharging a projectile from
one of the projectile tubes when it is aligned with said discharging aperture. The
discharging mechanism preferably comprises a discharging member adapted to
push the projectile out of the projectile tube, and a second drive means, preferably
30 in the form of an electric motor adapted to drive the discharging member into and

out of the projectile tube.



The amuni ti on handling system according to the invention is preferably in
the formof a projectile magazine in which the projectile tubes

arranged in a 10 carousel-like fashion. In the invention disclosg% h@#@'?ﬁﬂ4
the indexing of the projectile tubes of. ghe nmagazine is achieved w thout

t he means of a chain, belt or other formof l|inkage. The indexing is

achi eved by neans of a "pushing force" produced when the 15 sprockets are
driven by el ectrical notor, that " ushes t he individual projectile

tubes al ong! R eAPPREKIGH NG ng@F%fﬂnﬂ%%@a/mY AKrteers ca&mrgﬁsCan&%rpﬁorofort hi s

system wil f ts of backl ving a bett
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i nventi on. rt%ll)re 1 shows the rear cross-sectional view of the projectile
magazi ne. % drawi ng, the layout of the projectile tubes and the
sprocket can be seen; 30 Figure 2 provides an isonetric view of the
projectile nmagazine. In this drawing, sonme of the projectile tubes are
renoved so W@tarmrnénttloadlar@an@ syatenbacedrdind ip thelovertiomis Befersbly indbe
Figure 3 |s an
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In the invention disclosed herein, the indexing of the projectile tubes of the
magazine is achieved without the means of a chain, belt or other form of linkage.
The indexing is achieved by means of a “pushing force”, produced when the
15 sprockets are driven by an electrical motor, that “pushes” the individual projectile
tubes along the track path. This chainleshsllinkless design concept of this system
will greatly minimize the effects of backlash, giving a better accuracy during the
indexing of the projectile. It will also reduce the effects of dynamic loading when
operating on a rough terrain and much less maintenance will be required. The
20 operating cost will be much lower since the frequency of maintenance is lower in

f this design, making it a more economical system on a long-term basis.
BRIEF DESCRIPTION OF THE DRAWINGS
25 The drawings herein relate to one preferred embodiment of the invention.

Figure 1 shows the rear cross-sectional view of the projectile magazine. In this

drawing, the layout of the projectile tubes and the sprocket can be seen;

30 Figure 2 provides an isometric view of the projectile magazine. In this drawing,

some of the projectile tubes are removed so that the track path can be clearly



Figure 5 is a cross-sectional viewillustrating the transfer of the
projectile fromthe projectile tube to the bridge, which will in turn |ead
to the transfer armand the 10 firing chanber of the gun. DESCRIP%JéAth |
AN EMBODI MENT OF THE | NVENTI ON W TH REFERENCE TO THE DRAW NGS 15 WA 00
reference to Figures 1, 2, 3 and 4 of the drawi ngs, a projectile magazine
(1) which has the capacity to store up to 22 projectiles (20) is

di scl osed. The projectiles (20) are stored horizontally in individual
projectil e d9e@pes and each projectile is held in place in the tube by the

| ocki ng sl eeve (10). 20 The projectile tubes (2) are placed together in an
adj acent manner, formng a rigid closed |oop carousel system Cam

foll owers ( - r S BRG] ' : 2),
whi chrun OrOVRES it Sl BREERN B 88 SR TES splockeTBNRBRE Hirbicerld BBEP): o
(5). These;yéﬁ?qqghb@kbuhﬁs (2) are rotated bi-directionally by a pair of
sprockets (6) that are splined on the sprocket shaft (7). An electric drive
unit 25 ®Br notor (8) drives the sprockets which in turn noves the
projectile tubes (2) in the rojectile azine (1). The electrical notor
(5 ri ves HHdpistieseswperorrys o OhREoPEab sl vESI FEHAMER ndext no
of the magazine (1). The rotation of the sprocket (6) produces a "pushing
force" to drive the projectile tubes (2), which in turn pushes on anot her
in the cl osEiguico® s & cruzs-ddutignandepdltistdting treetransfer afithe 30ojed]ieckeot tenner .
- 11 3 1 MAR 2004 The | ocking sleeve (10), which sljdes on the projectile
tube (2) i sPreiadlie betp ke &y Qﬁ'ioWB‘C(hZ‘S)”.'“Itt”rh@édtt%h%éfaé‘sg‘?r Ef‘fé%f'ﬂrn&']i s
(17), i ch. are desj 0,,..accommodat e the four types of projectile
qonfigﬁ?gthgﬂgld%ﬂ§b$ﬁ§@W% YT6f these restrainers (17) is to prevent the
projectiles (20) fromnoving forward while the

DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
WITH REFERENCE TO THE DRAWINGS

15 With reference to Figures 1, 2, 3 and 4 of the drawings, a projectile magazine (1)
which has the capacity to store up to 22 projectiles (20} is disclosed. The
projectiles (20) are stored horizontally in individual projectile tubes and each

projectile is held in place in the tube by the locking sleeve (10).

20 The projectile tubes (2) are placed together in an adjacent manner, forming a rigid
closed loop carousel system. Cam followers {3) are incorporated on the sides of
each projectile tube (2), which run on the track path (4) that is machined onto the
two track plates (5). These projectile tubes (2) are rotated bi-directionally by a pair
of sprockets (6) that are splined on the sprocket shaft (7). An electric drive unit

25  or motor (8) drives the sprockets which in turn moves the projectile tubes (2) in the
projectile magazine (1). The electrical motor (8) drives the sprocket shaft (7) via
a gear reducer (22) for the indexing of the magazine (1). The rotation of the
sprocket (6) produces a “pushing force” to drive the projectile tubes (2), which in
turn pushes on another in the closed loop since they are packed closely in an

30 adjacent manner.



5 projectile stopper (18) prevents it fromnoving in the backward
direction. Inthis way, the projectile (20) is held in place in the

projectile tube (2). | The restrainers (17) are designed to rerrii"gg@z ?Mr

| ocked position by neans of torsion sprijngs. Wien the | ocking

Is shifted in place wwth the | ock face 10 of the restrainers (17), it
restricts the restrainers (17) fromopening out, thereby |ocking the
restrainers (17). Upon activation of the solenoid (23), the |locking sleeve
wi Il returnfhelaaking sieeval(1Ppsitticloslides on shesprdjectile &tk {Hds pettatadngra (17)

are now fre The vari oui@stoppl ng%posmlons for_the | ocking sleeve are
catered forSAeROIAL (23 f Ak h@st W sekcof | eskaerydi Ak i whish &E? Wéfgﬂ}%] detile

st opper (18 n it

torsion spracndgznrq&?l%n@%rgggf% rredr{{:heci 08% g%t[%m%e 1’ 88 q ?H:'Sﬁﬁh t he
resuppl y poigkstragirs (17) ishe RE0EASRe dr&e’&:ﬁlb%é@ﬁfrbﬁ%@(rﬂg%hhét% @hﬂ’@@ﬁé (18)
and allows the pI’OJeCtI|etO enter into the projectile™tube . After
proj ectife prejedctild gtobﬁes(e‘s&)endewerﬁs ddrdrhengring ecthel e dkwaed (dﬁ)actlcbnhleln this
prOJectlles w_l | automati call spring back and lock at its
posi tion, abrtgﬁéﬁ iecHie (ﬁpbjsé&|¢l'%P'ﬁ‘|CSW¥WQ BT%%Ctg@qubq #)the event of a
power failure a detachable hand crank (24) is provided to recover
projectiles (20) fromthe projectile magazine (1). 25 Figure 2 illustrates

t hat t her e Hierdstiee il NpsreddedidiiedPiooie@tdin ae tHEOIBEKSE pbEiaeHk byhahRs OF) -
One of the openings (13) is located at the top, which is for transfer of

proj ecti | esto($w) spingds r\dienies pcsingciedve (ﬁﬁ@;@zshrf@d(lm)p!a@e wite the lekifecear m
e oI B8, BsihraRe 0. FPEeis T SRR RSN AT bRkl B 2™
33;}1 : ggdpgpbﬁlgng;thégeﬁg?gaeg%ﬁTBB”U bhygcn%sﬁecsrdeagé@@%oféh%ﬁi (Z0d thonoditifg
sleeve will return to its initial position by its spring, and the restrainers (17) are now
free. The various stopping positions for the locking sleeve are catered for due to
different projectile configurations.
15
The projectile stopper (18) is designed to remain in its locked position by means
of torsion springs. During replenishment, the projectile is pushed through the
resupply port (25). In the process, it releases the projectile stopper (18) and
allows the projectile to enter into the projectile tube (2). After the projectile is fully
20 seated inside the projectile tube (2), the projectile stopper (18) will automatically

i spring back and lock at its position, to prevent the projectile from sliding out.

In the event of a power failure, a detachable hand crank (24) is provided to
recover projectiles (20) from the projectile magazine (1).
25
Figure 2 illustrates that there are two openings on the projectile magazine track
plate (5). One of the openings (13) is located at the top, which is for transfer of
projectiles (20) out from the projectile magazine (1) to the transfer arm. |t is known
as a “transfer port”. The second opening (12) is located at the bottom centre of
30 the track plate (5), which is known as a “fuse setting port”. Itis used for manually

setting the fuse, and for the download or upload of projectiles (20). There may



- 12 - 31 MAR 2004 optionally be a third opening | ocated outside the

vehicle (25), at the bottom position of the projectile nagazine track
plate. It is known as a "resupply port™ 1shi.ch is provided for pr(ﬂacﬂﬁReZUﬂﬁ
repl eni shnent fromthe resupply vehicle. 5 When a particular type of
projectile is required, the Anmmunition Handling Control Unit (AHCU),
conprising a conputer mcroprocessor, checks the projectile's inventory

stored inits nmenory. It then sends a signal to activate the notor

Cndex the MIGoBElY % ethisd ppsnngriceedcaiipenBEovehigE (Aalves TondatitBeket

shaft (7) holdin he sprockets (6 a reduct.i. Lt .. The :
projectile p[%btéog %EL%SQ prfgecgfeé%mg?%g?et %Q(Figg%zet Il'ntgg%s?i e§§5‘r g?%@é'w"(gp) to
the transf gjnipRsd Ffd?ﬂfﬁed/‘{drfbrbj%f:ﬁl'éerﬁg%nﬁéhnli:érglffo?n Phe Fé&gdfﬁ'éﬁiéfe. mechani sm
for transferring the projectile (20) to the bridge (16, in Figure 2) is
shown. Transfer of the projectile (20) to the bridge (16) is achieved by
using a nmechanical jack assenbly (19) that is bolted 15 externally to the
rear panel Wheprergtighlactyreo! paggstines reppereretivanineayniiier klandbag anirqlio)
houses a rigi. | | usk t t end. t.he
chain. The %F i(égﬁp%%%%waégaggﬁwglt% %T@;’p%ggggé;@?cﬁggk%)gﬁgn&gﬂ%@{[? %’c

notor for tiRgerditbgy dtcrbaiim itc ZhdmdppNitefleh Gende 4 Eynaetadapie th8)mowraoe
side of the rigid chain unit. 20 Wen the correct projectile (20) has been

i ndexed t o iadiéxthenprofectileetubea ) efhepelectricrnglori(B) diieeihgasrraeket sha iU
wll signal, to the transfer chanismto sh the, ojectile into

bri dge ?16)}‘%&89{‘?%% e%@g?HBP&éﬁ&W rédkichon Ui, r e Rigiestie k‘%ﬁs fx@% be
acti vat t ' Wel j Bt ' ji nbly 25
150) EhS cfedhovey tdifdekdhd dE3Ae pldiadti o8 X8 d e o R B e o

pusher (14) fromthe mechani cal jack assenbly (19) pushes the projectile

20) out of the rojectil e nagazi ne (1) over a bridge (1 nd finall
i(ntz) t he tr\@[ﬁgfrgﬁee%mcj,:ﬁ pn%igure 5,gthe trans(fe mechanism {or 'EI%I‘ISFGI'QI)IQ %we prOJectlley

(20) to the bridge (16, in Figure 2) is shown. Transfer of the projectile (20) to the
bridge (16) is achieved by using a mechanical jack assembly (19) that is bolted
15 externally to the rear panel of the projectile magazine. The mechanical jack
assembly (19) houses a rigid chain {15) which has a pusher attached to the end
of the chain. The motive power to the assembly (19} is provided by an electric
motor for the rigid chain {21) mounted to the flange adapter (9) on one side of the
rigid chain unit.
20
i When the correct projectile (20) has been indexed to align with the transfer port
(13) in the magazine, the AHCU will signal to the transfer mechanism to push the
projectile into the bridge (16) and transfer arm (not shown). The electric motor
(21) will be activated to drive the rigid chain (15) in the mechanical jack assembly
25 (19) through a gear transmission. Extension of the rigid chain (15) and pusher
{14) from the mechanical jack assembly (19) pushes the projectile (20) out of the
projectile magazine (1) over a bridge (16) and finally into the transfer arm (not

shown).

30  Once the projectile (2) has reached its destination, the rigid chain (15) will retract

into the mechanical jack assembly (19) by the reversal of the rotation in the



shown). 30 Once the projectile (2) has reached its destination, the rigid
chain (15 wll retract 1into the nmechanical jack assenbly (19) by the
reversal of the rotation in the - 13 3 FlwéNAR 2004 electric rmtora(illﬁARA?Bﬂ]l

sensor at the parked position of the pusher (14) will indicate to the AHCU
that the rigid chain (15) has fully retracted for the indexing of the
magazi ne for the transfer of the next projectile (20). 5 The invention
described herein is susceptible to variations, nodifications and/or

addi tions efidwric trivasr (RhPSA sepec étlthalpby(edqmﬂmdmanﬂhemushen @4y wilbiadicate
understood that the 1nvention includes all such variations, nodifications
and/ or addlt@ItbﬁSG\%UC‘haf H?EP rigigh ehain (1 pehapiulyreliastestiopdhaindadnab fae

description. - PAl T TH REFERE THE DRAW NGS Part No. Nane
of Part 1Prr6?%%4'??éo I\yg—ri EGF%B?@EEFP@ eﬁf@e@(:am Fol | owers 4Track Path
5Track Pl ate 6Sprocket 7Sprocket Shaft 8Electric Mtor 9Fl ange Adapter

10Locki ng Sl eeve 11Sighting Aperture
5 The invention described herein is susceptible to variations, modifications and/or

additions other than those specifically described and it is to be understood that the
invention includes all such variations, modifications and/or additions which fall

within the spirit and scope of the above description.



12Fuse Setting Port 13Transfer Port 14Pusher 15Rigid Chain 16Bri dge
17Restrainers 18Projectile Stopper 19Mechani cal Jack Assenbly 20Projectile
21El ectric Motor for Rigid Chain 22Gear Reducer 23Sol enoid 24Hand Crank
25Resupply Port 3 1 MAR 2004 31 MAR 2004 1415 CLAIMS: 1. An am*rurq’t-ii PAR 2004
handl i ng system conprising; a support for supporting a plurality o
projectile tubes, each of said projectile tubes being adapted to house a
projectile, guide neans on the support for guiding the projectiles tubes
along a prrRARTS! DISTEWITHREBERENC B THEWBRAWINGS neans whi ch i ncl udes

at | east one rotatable drive wheel having a plurality of recesses, each
recess adapted to sequentially receive a projectile tube during rotation

N

t o t her eby pdi+eetby—drve—the—prorecttte—tubes—recetrved within
Part No. Name of Part
1 Projectile Magazine
2 Projectile Tubes
3 Cam Followers
4 Track Path
5 Track Plate
6 Sprocket
7 Sprocket Shaft
8 Electric Motor
9 Flange Adapter
10 Locking Sleeve
11 Sighting Aperture
12 Fuse Setting Port
13 Transfer Port
14 Pusher
15 Rigid Chain
16 Bridge
17 Restrainers
18 Projectile Stopper
19 Mechanical Jack Assembly
20 Projectile
21 Electric Motor for Rigid Chain
22 Gear Reducer
23 Solenoid
24 Hand Crank
25 Resupply Port




said recesses along part of said predeterm ned closed |oop said path to
i nmpart, and as the projectile tubes are juxtaposed cl ose enough t?thﬂR 2004
t

al ong said predeterm ned closed | oop path, a pushing novenent on ose
projectile tubes not directly driven by said drive neans to thereby drive
all said projectile tubes along said predeterm ned cl osed | oop path
wherein no belt of chain connecting adjacéft -said projectile tubes is
provided to aid in the novenent of said projectile tubes along said

pr edet er m osed | oop. 2. A systemaccording to claim1, wherein the
projectil € ﬂlﬁb'are cl osely packed along the predeterm ned cl osed | oop so
that it is not possible for any of the projectile tubes to nove along the

pat h i ndependenf{ly of the qther projectile tubes. 3. A systemaccording to
claims 1 ot 2 Eﬁé‘i"’ﬁ”f‘ﬁ'@"gﬁ'\@”a@&%@m GPFWREPING; ncl udes an el ectric notor

arranged to dri i oL BRERIH btV Rt - tubesA 6H O said
according to an%e%d 0 f?ﬂesﬂgpg@@gi %gscl ailtgns wﬁ(ra%i n a hgr?i:l crank Sfa:)lr
rotating tpejatiettesdraing adapted tochusel g projegiilevi ded. 31 MAR 2004 - 16 5.

A system according to an recedi ng cl ai wherein the support conprises
fwo spaced pl at @408 AeaRE O dfiecairbart ischud i< phaaioRt tben S0 =
support p'ﬁr&%@terﬁ'linéd eskambespatliang to claim5, wherein each support
plate includes a said guide means which conprises a guide track, wherein

cam fol | oners @doivedadans whichhinghlesfattlgastypons edatable diive swhaed hayird Aed i n
a respective Gl 98 rebL8%S, ehich Yo R 18 FAULARaRY PAINE ABIYjELAE:
tube during rotation to thereby directly drive the projectile tubes received within
said recesses along part of said predetermined closed loop said path to impart,
and as the projectile tubes are juxtaposed close enough together along said
predetermined closed loop path, a pushing movement on those projectile tubes
not directly driven by said drive means to thereby drive all said projectile tubes
along said predetermined closed loop path
wherein no belt of chain connecting adjacent said projectile tubes is
provided to aid in the movement of said projectile tubes along said

predetermined closed loop.

2. A system according to claim 1, wherein the projectile tubes are closely
packed along the predetermined closed loop so that it is not possible for any of
the projectile tubes to move along the path independently of the other projectile

tubes.

3. A system according to claims 1 or 2 wherein the drive means further

includes an electric motor arranged to drive rotation of the or each drive wheel.

4, A system according to any one of the preceding claims wherein a hand

crank for rotating the or each drive wheel manually is provided.



a support for supporting a plurality of projectile tubes, each of said
projectile tubes being adapted to house a projectile, guide neans anlgﬂER 2004
support for guiding the projectiles tubes along a predeterm ned cMo
| oop path, and a drive neans which includes at |east one rotatable drive
wheel having a plurality of recesses, each recess adapted to sequentially
receive a projectile tube during rotation to thereby directly drive the
projectile tubes received within said técesses along part of said

det er ni ped | id path to i t d as the projectile tub
are | uxt apdsed | BKESBhoREA T 0gethePn BiRSeSkie) Ao WSS dHe cFUBRRY oo

path, a PUSihPRsdPNRITSPhced pldles 8ndthé PréjebfietUBEs ard ispdseq YdtednitNgn by
said drive nmeans to thereby drive all sai'd projectile tubes along said

pr edet er misuppoei piatas. | oop path wherein the at | east one rotatable drive
wheel is rotatable about an axis in both rotational directions to thereby
allow all said projectile tubes to be driven in tw directions along said

predetermged cAafaterhOoARdiding: toBclafinSs SvaBTEA okl STshdrD pldtal iclldesesei n
no belt of chain connecting adjacent said projectile tubes is gOVI ded to
ai d i n thesaidvguidat msfansawhiclpresgrepiisase a @ide drankg whewinrearat illoweass

2 suppor t MorEed e Phand O Ran oIS it e FHiEhplLi cethdiieide”
projectil gradubes bei ng adapted to house a projectile said support

conprises two spaced plates, the projectile tubes being disposed between
the support plates, guide neans on the support for guiding the projectiles

tubes along a ppedGhEhfoRGhriNiRg §Ysleh? BoRiprlingdnd

a support for supporting a plurality of projectile tubes, each of said
projectile tubes being adapted to house a projectile,

guide means on the support for guiding the projectiles tubes along a
predetermined closed loop path, and

a drive means which includes at least one rotatable drive wheel having a
plurality of recesses, each recess adapted to sequentially receive a projectile
tube during rotation to thereby directly drive the projectile tubes received within
said recesses along part of said predetermined closed loop said path to impart,
and as the projectile tubes are juxtaposed close enough together along said
predetermined closed loop path, a pushing movement on those projectile tubes
not directly driven by said drive means to thereby drive all said projectile tubes
along said predetermined closed loop path

wherein the at least one rotatable drive wheel is rotatable about an axis in
both rotational directions to thereby allow all said projectile tubes to be driven in

two directions along said predetermined closed loop path.
8. A system as claimed in claim 7 wherein no belt of chain connecting
adjacent said projectile tubes is provided to aid in the movement of said

projectile tubes along said predetermined closed loop.

9. An ammunition handling system comprising;



a drive neans arranged to drive directly at |east one of the projectile
tubes al ong part of said predeterm ned closed | oop path to inpart, ?115
the projectile tubes are juxtaposed cl ose enough together al ong saﬁﬂ AR 2004
predeterm ned closed |oop path, a pushing novenent along the path on those
projectile tubes not directly driven by said drive neans to thereby drive
all said projectile tubes along said priedeterm ned cl osed | oop path

wherein one of the support plates is provided with a | oading aperture, and

th jectile tub | ectiyvel | i bl. it h id loadi
i or der A 8uPBRd 12T ;aipeaind @ Phaty e HPRcaR ey BRED 1 PRI he
| oadi ng aﬁﬁﬁéy%%iﬁ‘gdahgﬂtﬁie HSBsé’fa bRfe &P RAId sOpESE TohfprivedViviedpitéd a

di schargi ng apert a rojectile tubes are selectively alignable
Wi th sai d plateshtiegpogedtietubesebding dispesed hetwesr b gepporppldtestil e fromthe

j ectile tube wh i dwth the _di ' t 10, A t
accor ding to claHqP STRERE Y o HPPET S M Ean R PRISHE Auhpe o 4
di schar gi rlﬂﬁée@rmirfaéa bb8eliieup pa®, ahdt he projectile tubes when it is

'S

aligned with said charging aperture. 11. A system according to claim 10
wherei n the di sthizivgi mpanecamangsd teclrive disectly at deasdrepe @f tbfbRiojestdpt ed

to push the projectil ut .of th [QleGti o) dri means
in the fogHP‘g’f’ gepéﬁtc%i ?'@H%q&egﬁﬁgpeég%%gﬁwéaﬂfe& %‘l‘@%’ﬁa@g{f néé \rfrg?rber
into and Qiibieptild etk gakiap8séd BRselshoughstgbtteraterny daidgpredetdraiined 1
further conprising a sensor tor detecti ngf when the di schar%_ng_rrenber has
been r et r aalesatl faopnpathe agrughirg mavemary alerg thapath an Jbese gEcigetiiefubes

Doy ot e e BRI, S el B B i ecier
means along said predetermined closed loop path
' wherein one of the support plates is provided with a loading aperture, and
the projectile tubes are selectively alignable with said loading aperture in order
to load a projectile into the projectile tube aligned with the loading aperture and
the other of the support plates is provided with a discharging aperture and the
projectile tubes are selectively alignable with said discharging aperture in order

to discharge a projectile from the projectile tube when aligned with the

discharging aperture .

10. A system according to claim 9 further comprising a discharging
mechanism for discharging a projectile from one of the projectile tubes when it is

aligned with said discharging aperture.

11. A system according to claim 10 wherein the discharging mechanism
comprises a discharging member adapted to push the projectile out of the
projectile tube and a second drive means in the form of an electric motor

adapted to drive the discharging member into and out of the projectile tube.

12. A system according to claim 11 further comprising a sensor for detecting
when the discharging member has been retracted from the projectile tube

following discharge of the projectiie and further comprising a control means



in order to control activation of the drive neans and second drive neans in
response to signals fromthe sensor. 13. An amunition handling system

conprising; a support for supporting a plurality of projectile ufg@mﬁg
of said projectile tubes being adapted to house a projectile, gu -

on the support for guiding the projectiles tubes along a predeterm ned
cl osed | oop path, and a drive neans arran'gelcii to drive directly at |east one
of the projectile tubes along part of said predeterm ned closed | oop path

to inpart, osutdtiddly liRRed b6 i SEhdd dritPRSthaIRiveUsbanoand tlcoRg diveutibans
toget her along said predeterm ned closed |oop path, a pushing novenent

al ong t he ipavidesrtot ¢ryeol malivation| of thebdeve mgans asdt $ecoidi deye wpeans dnfi r st
drive neans to thereb rd I id projectile tubes along said

pr edet er mfﬁéa%?%E%E'Q?Z'S%pff%@t‘ﬁem@?é 'n a plurality of restrainers are
dependent from each said projectile tubes in a pivotable manner to nove

radially thereto in a manner to engage with the taped nose section of a
proj ecti | €13.4di @mpumnitien handlingeysd®mecaraprisingidi al |y outward direction by a

movabl e [ ocki N9, Sé et ¥6r Eﬂ?hgg?ﬁgﬁgl Eﬁfrél lté’fl F%jgcﬁlgetubggoje%f%i of ddigP! ace

relative to said projectilé reve rom novi ng orward when
engaged t hsropattitdtubbé. being ndbptedae dusieredrdjectidgl i m 13 wherein a projectile
stopper is novably dependent from each sai ectile tube to engage with

an end face of @Ugg raeaafo%&he|%Jnm&fqruwiair@;ﬁ{ee@@ﬁgﬁilaé Whed PrBgedtile
o e PRl BOReD BB o 1 ekl 12 8 SLen S
two sets of resardriveemeansnarranged dwi drivey dindothn abdeastoone i thie prapetdei | e
tube than B8 S0ng part of SAG sredefimad GoBES 53K Bath F5° A0S BNECLE the
projectile tubes are juxtaposed close enough together along said predetermined
closed loop path, a pushing movement along the path on those projectile tubes
not directly driven by said first drive means to thereby drive all said projectile
tubes along said predetermined closed loop path
wherein a plurality of restrainers are dependent from each said projectile
tubes in a pivotable manner to move radially thereto in a manner to engage with
the taped nose section of a projectile, said restrainers lockable in a radially
outward direction by a movable locking sleeve to thereby selectively hold the
projectile in place relative to said projectile tube and prevent it from moving

forward when engaged therewith.

14. A system as claimed in calim 13 wherein a projectile stopper is movably
dependent from each said projectile tube to engage with an end face of a said
projectile when fully seated inside said projectile tube to prevent said projectile

from moving backwards.

15. A system as claimed in claims 13 or 14 wherein each projectile tube is
provided with two sets of restrainers, one more axially advanced along said
projectile tube than the other set, there also being provided a second movable

locking sleeve movable in unity with said first mentioned movable locking sleeve



| ocki ng sl eeve novable in unity with said first nmentioned novabl e | ocki ng

sl eeve 31 MAR 2004 19 in an axial direction along said projectile tube

each | ocking sl eeve engagable wth said to sets of restrainers, ?HGHAR 2004
n d

configuration for the two sets of restrainers and said first nmentione
novabl e | ocki ng sl eeve and said second novabl e | ocking sleeve being such
as to allow for four types of projectitel®onfigurations to be retained

wi thin each said projectile housing.
in an axial direction along said projectile tube each locking sleeve engagable
with said to sets of restrainers, the configuration for the two sets of restrainers
and said first mentioned movable locking sleeve and said second movable

locking sleeve being such as to allow for four types of projectile configurations to

be retained within each said projectile housing.





