1 | MPROVEMENTS TO ARTI LLERY FI RI NG SYSTEM FIELD OF | NVENTION Thi s
invention relates to a platformor vehicle-nounted artillery firing system
and in particular to a platformor vehicle-nmounted nortar system and

i nprovenents in relation thereto. BACKGROUND AND PRI OR ART Traditionally, a
nortar systemwas an infantry and commehdo weapon that was designed for
man- packing. It had to be broken down |nto a fem/sub assenblles to resolve
t he wei ght constrai nfMBBREMEMENTSITO ARHKL ERYK EMre, to set up the
nortar systemfor firing wll take at Ieast a fem1n1nutes However, nortar
systens have now been nounted on various vehicles to neet the quick
response rRBUDIGH INVENDEDNOr m ng hit-and-run m ssions demanded i n nodern
warfare. The traditional nortar systemconsists of a barrel and breech
assenbly, bipod assenbly and a base-plate. The breech piece has a spherical
oint Wt ey BaRg: il %o SIS SN vaide SR BN RRREbARSAERlo S used
for supportlng t arre e adj ust nent o ts “el’'evati on and
travel . Tho@rtga@rphoea latéorarcor rvghtmhe mlwnteldr eedhr amderrhendemowﬂmemoe

gener at ed d flrlng, whi ch are subsequently transmtted onto the
structure ? %ﬁ is very high. It could be as high as 150, 000kPa, but
it is not a problen1for a solid structure such as a base-plate that sits on
t he ground and acts as a natural danper. \Wen the nortar systemis

pl at f or m radde D AN PRIPRARLen it is nounted on a vehicle), nost
systen1|ntegrators currently use the traditional nortar systemand focus on
designing the structure to withstand the firing force. This will result in
heavy st r doeditiahallyeianfrortae sgatemudist arc infantry efid tdoenmeode iweppehathab mas

it egr at oo Rbeg 1B REABFRAREY fLodlh, 08 RofE T il Xl So¥ S iles i 1 o
which is abbgvé ther\Qdagheccbrmraintrnengssm‘awd:w mnqimmg4w9{erdf@meuﬁ5et WMee With a

60% r educti on (60, 000kPa) of th orce, s still ver | ar ge and
requires e{n%%wf%qmde& g'l)"%g wil \ﬂﬁ?h’%t’%ﬁg g quaw npmgtesl £5, Portay SY-EEFon

system al 3QbqMW bEen MRAUMES BRTNBRbuS VehiBRsRbFHES b (AN sPbnié rétRiregned

in performing hit-and-run missions demanded in modern warfare.

The traditional mortar system consists of a barre! and breech assembly, bipod
assembly and a base-plate. The breech piece has a spherical joint with the base-
plate sifing on the ground. The bipod assembly is used for supporting the barrel
and for fine adjustment of its elevation and travel. The gas pressure acting on the
breech and the reaction force generated during firing, which are subsequently
transmitted onto the structure (base-plate) is very high. It could be as high as
150,000kPa, but it is not a problem for a solid structure such as a base-plate that

sits on the ground and acts as a natural damper.

When the mortar system is platform-mounted (in particular when it is mounted on a
vehicle), most system integrators currently use the traditional mortar system and
focus on designing the structure to withstand the firing force. This will result in
heavy structural reinforcement/modification of the mounting platform (vehicle). The
damping adapter has been developed by some system integrators as an interface
between the mortar and the platform (vehicle) which is able to reduce the firing
force to about 40%. However, even with a 60% reduction (60,000kPa) of the firing

force, it is still very large and requires a heavy structure to withstand it. The
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to fire onit. The follow ng problens have been borne in m nd when sol ving
the deficiencies, such as lack of recoil buffering and accuracy of the
nortar systens of the prior art, and the |lack of nmanoeuverability of the
whol e vehicle. Recoil nechanism The recoil buffer mechanismis the nost
essential part of the gun system The Zraditional nortar systemis designed
for man-packing and therefore its weight nust be relatively lighter to

al | ow por tsabpéndion sysws d15e réfimes|reiffebemesti isplagven (sadle) ie@esigdeded for
use in the nortar system However, when the nortar systemis

pl at f or m BAHMR it vehi cl e- nDunted) the recoil forces becone nore critical
conpared to the weight of the individual sub-assenbly. Hence, sone system

i ntegrators have incorporated the recoil mechanismto absorb the high recoi
force, buihet follswingcprablesns iaye rfastenblora e fin ghnisdt waen tsielying ths ﬂeﬂ@emmg% is too

| ow to abs e it to
the recoil® %BEQE”%‘% ;’f rlr,eggﬁ’ bﬁﬁf@rﬁl3ﬁ%g§ﬁ}rlﬁg)gw@%nveﬁ%'b§%%9t?lrf1¥ PA’r

" O'- cr adl eardetié (puk, of Ménosuadiabilitesi maswmwlvmclenbl nation of both are the
three nost common cradle designs in gun systens that are used for the
support and guidance of the recoiling mass during firing. The "0" cradle
design is Fiét%llfnhﬁcsﬁah gemeration gun cradle design. It has two bushes at both
ends of the cra 0 support and allow the barrel to slide on its outer
cylindrical surface when recoiling during firing. It is the sinplest in

const ructl

cylindrical e Fékgflnbdn@ﬂwgé%a%iﬁoﬁ e Eﬁgﬁe%%% ﬁ&l RY g’rtubE g e&gm-)rnﬁt of

wei ght . Ovdditonat MHahamemtub@mlgaeeforrrhahmutrkmgrmdrthafefqmrtssmaghtanMd on

t he rec0|I|n g\%/n ich reduces the _eff ctlve ess, of, the bufferln of the
j@tqeg ligptRr tﬁ ﬂn

recoil. 15%7 togllow pRifabille TS the reql ‘%‘@EBW&IS’@JF\%?%?Y% ©§

cradl e desigiderdtf for Tuse NRRRS mEh& syiflerh N flowedEt, Swhén wﬁ@dnér@arsw% isand
gui de the barrel while recoiling durin firing. Two brackets are attached

onto the Haatfam-metnisde (yehicleampanted), reaeil ogrecashdegpEec inorgs aitipali dge
bet ween t I | e e. o] rel n be
optim zedh‘-t%gpﬁ ré" et\c/)gtm‘(a e él gnEHsét }ﬂ%ﬂdﬂ'%&ggés%:eﬁsbz Beh?(gt gﬁ@é §yst§rﬂ

integrators have incorporated the recoil mechanism to absorb the high recoil force,
but this mechanism may not be efficient as the recoiling mass is too low to absorb

the firing energy effectively and subsequently convert it to the recoil braking force.

Cradle design of conventional gun systems

"Q"-cradle designs, "U"-cradle designs and a combination of both are the three
most common cradle designs in gun systems that are used for the support and

guidance of the recoiling mass during firing.

The "O" cradle design is the first-generation gun cradle design. It has two bushes at
both ends of the cradle to support and allow the barrel to slide on its outer
cylindrical surface when recoiling during firing. It is the simplest in construction and
the most commonly-used design. The big and long cylindrical sliding surface on the
barrel carries an excessive amount of weight. On the other hand, there are
minimum number of parts attached on the recoiling mass, which reduces the
effectiveness of the buffering of the recoil.
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profile). Hence, there will be significant weight reduction on the barrel.
The recoil cylinder can be attached together with the barrel to increase
the recoiling mass to reduce the recoiling force. However, the cradle is
conplex in both design and manufacturing. The "0" and "U' conbination
cradl e design takes advantage of the behefits of both the above designs.
Its front support is an "0" cradle design and its rear side is a "T" «cradle
desi gn. Th@eCy)icnate cakignus fiiee ee@:fnd-{@ﬁd@aﬁdreguroﬁraidtesd@@gﬁ.rmd)'ﬁif"tsih@ped s used
for front sliding and only one bracket is attached onto either the barrel

or on t he Sift&¥cie B HEed 'Q FHpBPT anfhauitia the bagiel divigI repplRg during ver y
cl 0se to AngPTiloFatkole sDBNad bitoIRY BBreNRrRRUPine BhfeIdrRib e bt

however, conplex in both design an manuf act uri ng. Regardl ess of all the

t hree typdhe oreeshhabe bedge hetwass thierharighand @nedle. e exteraalaprpllevifithe be two
X support | + 1] t.h, : e

To-date, RIS BG4 BEHels tn3 it sPEM RS pAMETP AL, 11

t radi ti onalrofitey. tHencey tHerenwilb baesigaifiezhttweibiet e netivac ke dhe lbiasreheltghtecod very
critical. Therefore, the nmuzzl e brake has never been considered for the
mor tar sy SYUHer AR ebatpchssogeler siipe iBerkiq maikasedPETBROHEMASREO gas

f1 ow when rbdudefieeeddifg RALE CHowdlEr, RRETHIEIis BorBk 3R KotResne apd 0as

t ur bul encer at the nuzzl g. Trying to're-stabili zentlﬁﬂe flight path of the
bonb duri moardfaeftingyi |1 result in the bonb losing its kinetic energy and
accuracy. 156764-2 4 Elevating and traversing nechani sm The nost common

el evati ng nmechani sns used in gun design are the arc and pinion gear design,
t he si ngl ghacOtiahdr'Uacotrbinatientoradle afesignoiakes advantsge obthel berfitnof fidhh si des

of the elevatjng nmass in parallel. The pase wdih of these nmechanisgg is

Ui t o sralthe ahte JERSnmdisHTGi SHOBAIS 91 5 Hedle dRbidRuan s Feet Mk S corhmon y

used for tdigdle B3R’ TheGylmetansafacd of thBatfet oA @irbedforiBE MA0s&Mor

backl ash (clearanCes) in” the gear trains is essential to ensure the snooth
C

runni ng offrankslidieg Ras0SM oMEnrackelde pitaghes enieleithemthierbartat of pavke biesgh
mechani Smafsotﬁe qggyétﬂ)tp%rtgHbﬂelb%)‘l‘e'i]gx@m'ﬂgoﬁle is very close to an optimized design

and it saves one bracket. The cradle is, however, complex in both design and

manufacturing. Regardless of all the three types of cradle design, the minimum
length of the cradle will be two X support length + recoiling length + safety
allowance.

Muzzle brake

To-date, the muzzle brake has not been adopted onto any mortar system. The
traditional mortar system is designed to be man-packed. Its weight is very critical.

Therefore, the muzzle brake has never been considered for the mortar system.

The bomb muzzle velocity is very much slower than the gas flow when it feaves the
barrel. The bomb will be unstable because of gas turbulence at the muzzle. Trying
to re-stabilize the flight path of the bomb during flight will result in the bomb losing
its kinetic energy and accuracy.
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hi gh precision and costly conponents. Alternatively, conplex anti-backlash
mechani sns are nornally enpl oyed to resolve the problem Another

di sadvantage is that the gear teeth have friction due to their relative
novenents and are prone to wear and tear since it is very difficult to
protect against dust and dirt in its operating environnent. The uneven wear
and tear wll cause mal function of the anti-backlash nechanism after

pr ol onged Rksagiag ahdardvie maghd@iser 1S only used in traverse nechani snms
having a smalTer arc of traverse. Furthernore, it has a non-linear (cosine
error) correlation novenment between the |inear actuator and the rotating
action. THing Wost cBRIFROH EVRLGEMESMrisths (R¥AtIANYEPHeSighl @feeehé 8RP aR@Wer

drive system The i nvention hefein seeks to overcone nost of
di sadvant @g¥en igeart Hesigni tre single antymatpoakiheatsoire, osUmmRma@wswﬂaHWENﬂ ON An

St ot ur o 508y SEfs oE KR Hp@penb s R o1k Rk 8508 D R0E M08 o e

provi di ng qaitesatallahedr on shape for the arrangenent of the elevating cylinder
avoi ds causing each nmenber to suffer excessive bending force and the stable
shape allows the barrel to nove in one plane or in one direction.

Ther ef of e.Trighgd raﬂaoezsmﬂans 185 B Cffear RGN o8 R8s oAb Bd Cloftfe Of

pl atform or ve roma 30-tonne 156 vehicle to a 10-tonne
vehi cl e) . trEvetsing meshaeised |Ib3]‘lhe)pfd and pien ﬁ@cbg@s@mba@lslaym (claar@nces) in

| O0r POT AU NGCEGALROG desif A 2 R LS ARG ALAAgh ey 301

mass Suc al'so i ncreas e ra I“npr oves he accuracy of
the bonb. acEeptabler bacmmﬁhharthebga&etsmgames:hamsm ﬁmplacwraté@ummnwdejmﬂnd ncrease

the efficienc y of . the adI and traversi nech nlsn1f th ar ery
1ring. sy i@ PRESIRR, it SRS hBPmPORFE oA fRebeiiebey EomaE: [ tdrekbrhg
directly tRedimishas dtenoinhdlydgibfed &S Rigfel themr@é:emmﬁatﬁéa%lgmahﬂa gorce
bypasses the cradle. The external “surface of the recoil cylinder is used as

a slidi ng iaftet g aeagtestly hanselfrichiombueip thel reledive Mavgmans ang ase puwe teur i ng
recoi | Vm%afr'é’ndqgiall g\ﬁc@#r?s ﬂ/r di @g[ﬂﬂ:& ﬁroté} d aHs?&Sétsdr@g% Eﬁ ﬁ%b%c élgg d.St eel

cable is used Tn ace 0 I'S Zero ing to
one as pecterml’romrheni ﬁ'\henlne@anwmrendsteqmwmlcdesle andifendciidn biuthEemitidsackiash

mechanism after prolonged usage.

The linear actuator is only used in traverse mechanisms having a smaller ar¢ of
traverse. Furthermore, it has a non-linear (cosine error) correlation movement
between the linear actuator and the rotating action. This will complicate the control

system for a closed-loop power drive system.

The invention herein seeks to overcome most of the disadvantages in the prior art
mentioned above.

SUMMARY OF THE INVENTION

An objective of the invention is to reduce the recoil force that acts on the structure
of the artillery firing platform by up to 80%. We have found that providing a
tetrahedron shape for the arrangement of the elevating cylinder avoids causing
each member to suffer excessive bending force and the stable shape allows the
barrel to move in one plane or in one direction. Therefore, the improved system can

be mounted on a much lower class of platform or vehicle (eg. from a 30-tonne
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apparatus for use with an artillery gun of the type conprising a breech
assenbly (15) connected to a barrel (12), the breech assenbly (15) having a
firing mnmechanismfor firing a projectile (60) through an open end of the
barrel (12), the recoil buffering apparatus including a recoil buffering
nmeans adapted to be integrated or ot he? wi se secured to the barrel (12) and
novabl e therewith during recoil action of the barrel (12) caused by firing
of the projebidd ke a( 6Bjgnrendehacielpldis is aofaved Bsmihﬂzieg tine tslysteine deeigoi |

suppor t | g EnECH 2B a8 e ouRE. tale ke P B AR InE P FESSY
buf f eri ng Swhnsdesitie aBoNntreaseésthel rbn@méh@tmmvee%ammmyd@‘stha boufd er i ng

cylinder (17) having a piston (23) attached thereto, the piston (23) is
slidable relative to the buffering cylinder (17), the piston (23) and

buffering mﬁr{j otrééﬂab &toe x@fdﬂﬁﬁ)ﬁﬂ/ the debigh aﬁhl.ﬁmgs@m&aﬁ@meknwémeet ;Neen

provi des the ering ctlon support "neans 1 ncludes a cradle (2
and t he bLﬁrﬁdimaﬁlg ttgwbrm@@me(cmamlsmfor 333 arétti@mlflrlnb@ws@m ﬁyer’f@aﬁéomm:l iat,dabl e

ol at Porm G el Eilpst € kEOATeY, drEUT I B SedFEMRe PR RS BRE oo 1

the supporwhet aitd eecoil farceé Hwnaseésartmed:radiens‘heuenemal sdnfe:cee@rothe beddiler i ng
s desirabl e that

{ th 1 | at f
ot oronaehit s B8 it et o Rchuiionn 1 Sod tog MraURGBRsHE S108: ol by

means of %Mﬁberec@f‘qvhbheﬂnﬂbhﬁé B FafthéMforB Ul £ talersiy eeRanis, Ar Quside
156764- 2 wth a guide surface adggt ed to maintain the barrel and the

buf fering ngle isdisediim plase p geaks sqyihaeinere Rrasre bagklgsh.t he barrel and the
buffering cylinder have substantially parallel |ongitudinal axes. The

pi ston of the recoil buffering neans is preferably pivotally secured to the
support plmdomimg tbt ohe gmpeterof etiet imaemidmetmenradulsepiovtdeddesremulalmm‘férmge

wi thin which at ast a rt of the feri inder is slijdab
ocol vod | SRa S To s WIBEA BTGB 6 WA SRPPISTS FLEEoGh BeReHEYs o
suppor t tmspttfofn%t:ﬂéa | 4 nstafel {‘FQ)at!ﬁ)é ehrabEle dagehly nEBY . hé\}\? r £ Ring

buf fering nmeans conprises two of said buffering cylinders |stons and
t he cradl empeanigador {idngR rreiastip@0) drreygh é@c@perape@ tofitiee barel |2dgtr@

respecti V&eRGF B?Iffeﬁﬁbdaebgrfaﬁfs %Iﬁ}frl\é néiqfeﬁon Iﬁuff@'rlhb H'F'eaﬂgpéggﬁt% eQ) be

integrated or otherwise secured to the barrel (12) and movable therewith during
recoil action of the barrel (12) caused by firing of the projectile (60), and a support
means associated with the recoil buffering means for supporting the recoil buffering
means and thereby supporting the barre! (12) and breech assembly (15) through
the recoil buffering means, wherein the recoil buffering means includes a buffering
cylinder (17) having a piston (23) attached thereto, the piston (23) is slidable
relative to the buffering cylinder (17), the piston (23) and buffering cylinder (17) are
arranged so that sliding movement therebetween provides the buffering action, the
support means includes a cradle (21), and the buffering cylinder (17) of the recoil
buffering means is slidable along the cradle (21).

Preferably the support means includes a support platform, and one end of the recoil
buffering means is directly secured to the support platform. In the preferred

construction, the recoil buffering means is pivotally secured to the support platform.

It is desirable that one end of the buffering cylinder is adapted to be secured to the

barrel by means of a yoke, and the other end of the buffering cylinder is provide
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that it is possible to provide nore than two of said buffering cylinders

pi stons. The support neans is arranged such that, in use, there is no direct
connection between the support neans and the barrel or the breech assenbly.
Thus, the weight of the barrel and breach assenbly are all supported by the
support neans through the recoil buffé?ing means. Accordi ng to anot her
aspect of the enbodi nents described there is provided an el evating

appar at us vitbr a guide sifface pdapteddb rmbiataiy pee bampl Bsd riige ouffiecrg reybrsdse bl y
connected to a harrel, the breech assenbly having a firing nmechanismfor
firing a PBPRSTEEETTME L hr ough an open end of the barrel, the el evating
apparatus conprising a support neans adapted to support the barrel and
breech assenbly and an el evating nmechanismfor raising and | owering the

barrel' wikelraply.ndhe| kel agd the Riiiesingi fYindgeshavey; sibstardiaty Raralfler

whi ch are : |t j d

oyl i ndor _(STABORERSREE T Bt ST of the Feop UL EHERS oIS PRI on
and cyl i ndecumddo $hee supmbrt platfoensupport neans, and preferably there are two
of said pistons and cylinders. 156764-2 7 The support neans preferably

i ncludes a cradle adapted to support the barrel directly or indirectly, and

at | east qng seiepetithaEmearadiemdlgdbsadn apertieddvithin vhigh atlesst @ @rdofahet he
other end to a support platform The piston and cylinder mm secured to

- - : . CY . be
the cradl QUiErpg AYIRGREyISC a0 BGY ey 5hEr thaf Said prerier KIClUgg 3MdMSFeech
assenbly. A#Se808 i:{tﬁsﬂ? orﬂtﬁe%ﬁeﬁﬁ@h?’lin‘a pnected between the support
of saird pi yli

pl at f orm an eac I stons and I nders, and a cross-connecting
menber is desirably connected between said pistons and/or between each of

said cylinders. In th referred e dj , rran t .of the .pistons
and cyli nggrg,prg#ﬁgedcgwﬁggﬁ%, ﬁ%%‘gg&gf gﬁﬁ%ﬂr{i tﬁ%%oﬁﬂ%@ﬁ?%@ tﬁ%n@ega'gnd t he
or each sujpjpfefibg cykiters ahs pidiss, andithe lyadie nchliied itab .of Aarpastirtiged, ®agnot her
aspect of the enbodi ments descri bed }he_re is@?rovi ded a _ﬁraversi ngté
appar at us RSFUETESPIVING R FSSREGHVE BAB P S3IF Hulferng eyindass dwll pecimreddted to a
B?Ljr gl:i i |t gﬁathf R§RRsBRSRTRLYIdERYOBGhEN tWd bhidBGREM G ENhaErs| pistons. a

The support means is arranged such that, in use, there is no direct connection

between the support means and the barrel or the breech assembly. Thus, the

weight of the barrel and breach assembly are all supported by the support means

through the recoil buffering means.

According to another aspect of the embodiments described there is provided an
elevating apparatus for an artillery gun of the type comprising a breech assembly
connected to a barrel, the breech assembly having a firing mechanism for firing a
projectile through an open end of the barrel, the elevating apparatus comprising a
support means adapted to support the barrel and breech assembly and an
elevating mechanism for raising and lowering the barrel' wherein the elevating
mechanism includes a piston and cylinder which are arranged such that relative
movement between the piston and cylinder causes the barrel to be raised or
lowered.

Preferably the piston and cylinder are secured to the support means, and
preferably there are two of said pistons and cylinders.
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t hrough an open end of the barrel, the traversing apparatus conprising; a
support platformwhich is adapted to support the barrel and breech assenbly
in such a nmanner that said barrel and breech assenbly nay rotate relative
to the support platformin order to in_})art a traversing notion to the
barrel and breach assenbly, the support platformincluding an arcuate guide
menber having support neans adapted to support the barrel and breech
assenbly diet baiparheneanspprefenabhnmcludeb | @wsadlé eadpptete tasrmmbportcltlei regyredai d

traversin on. of t ba rel and breech assenbl drive ne

secured t SERY Sispeb e atleadtng sasarn HTOR Sarvahene e Beppor
nmeans al ongadi®@ndWHtdRe WEEISNd @ @@ug@ors Biatfolrh 2VRE Highén anatdymﬁt:erwhw gen the
drive nmeans conprises a drive wheel a drive cable apped around the

drive nears¢ceieditn theprsie s@ﬁwqtﬁmsemﬂ nrOtheeSLtwppvé%f@lsl Q?r[%ﬁﬁg the breechnt i al | y
fixed relqk @o t he gui de nenber so that rotation of the drive wheel
causes the r|v wheel and the support neans to be driven al ong the guide
menber. The drive cable preferably sits in a recess provided in the drive

wheel . The, reces ref ext ends ar.oy the drive
Wheel i n & GhSeding: Bemper 15 g8y ForRefiel fetef he SbpB Rl 2afe. ray
extend at daehsdf $3d toistods anackylin@ergUiafle a BRIEBIoNnEELINgS réasbdarall desirasly

tensioning nmeans is provided to naintain the drive cable in tension. The

support nEQALEHAY emetm@lﬁplat@"a%@n%ﬁreb@ws%ﬁ@cm@m@ﬁ cfingdsred to support
the barrel and the breech assenbly. Preferably, the or each support nenber
I ncl udes a nmechanismfor adjusting the elevation of the barrel. Mst

pr ef er abl yn thaerefeaned embodiurmnbrthmanbmgementnofathpr e’r[smnlsemcewlmdiermrthe t he

gui de nemnber rovid h a T-sha g reces he Sy ort neans is
provi ded W'R® é'ﬁ S%rﬁ &h%p‘ffé?as F8”'£er? ngmﬁﬁﬁjerfe gﬁétﬁ}’ PRBi di ng
novenent aqfember @u;p;pgratnt;am@a—aabmg t he gw de menber. Accordl ng to anot her
aspect of the enmbodi ments described there is provided an elevating

apparatus for an artillery gun of the type conprising a breech assenbly

oo 29 ASshubgns Shodapiath A8SATRLAPAN Bidulil i RN

appar at us teayeaing apparatus for an artillery gun comprising a breech assembly connected
to a barrel, the breech assembly having a firing mechanism for firing a projectile
through an open end of the barrel, the traversing apparatus comprising; a support
platform which is adapted to support the barrel and breech assembly in such a
manner that said barrel and breech assembly may rotate refative to the support
platform in order to impart a traversing motion to the barrel and breach assembly,
the support platform including an arcuate guide member having support means
adapted to support the barrel and breech assembly so that the support means
follows the guide member during said traversing motion of the barrel and breech
assembly; and drive means secured to the support means and adapted to drive
movement of the support means along the guide member to cause said traversing
motion, wherein the drive means comprises a drive wheel and a drive cable
wrapped around the drive means or in connection therewith, the drive cable being
substantially fixed relative to the guide member so that rotation of the drive wheel
causes the drive wheel and the support means to be driven along the guide

member.

The drive cable preferably sits in a recess provided in the drive wheel. The recess

in the drive wheel preferably extends around the drive wheel in a substantially
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t hree base nenbers disposed in a substantially triangular arrangenent, and
three support nenbers arranged to support the artillery gun, wherein at

| east one of the support nenbers is extendible to vary the el evation of the
artillery gun, and wherein the base nenbers and the support nenbers are
disposed in a substantially tetrahedra& arrangenent. Preferably, two of the
support nenbers are extendi ble. Preferably also, the or each extendible

support mevhedl fe@nhl SR dripé Séable angy axtdradat leéstaﬁmgmﬁnbunér Meegmmtl ng
apparatus according to this aspect of the invention may provi ded

with feat (PBEDSE I h%déﬁ'é%\?lthﬁt %ﬁ@ﬂ&t&@%@%d?|P6‘é\dd%69é“a'ﬂ&'brtﬂ‘? Ve o

anot her a%%ﬁf‘etm%nél&? enbodi nents described there is provided an artillery
gun conprising a breech assenbly connected to a barrel, the breech assenbly
having a firi ng mechanismfor firing a projectile through an open end of

t he barrel

inc I t '
projectil eThep?ucePﬁ@h @%Eﬁ%ﬁ&e Iulggcéégggi rogll%%éoﬁarﬁég\lﬁ%r f@égg%r}?@pﬁ%e
muzzl e br ake beSre!lilaﬂmbm bmbcmce%emhl@ tpeferabnyg bk bheabarsueportPrreheieabl v,
the nuzzle brake conpri.ses_a ﬁw of aPert res owﬁed adjacent to
Lhe open diUOG S HECARRE: 0 AR Bacibas Percar of e pBESY Mgt perTagy
appar at us inhélaeareh@¥ alibpert ARPRBésUs and the traversing apparatus may be used
in the artillery gun. According to another aspect of the enbodinents

described there is prOV|ded an artillery gun conprising a breech assenbly

connected € i for
firing a rol @g%ﬂ el’ae% éntﬂg uﬁ@ﬁgw {]ﬁ?@vgﬁrdﬁgﬁ éTngh%E‘ert hglraég’n
conpri si ngara thecs@pborbgmé?s isgprayiped afithsa fismaese ladbpkédabcnr@,ageahe gdamsa_t 13 ng
appar at us scri hed above, r a traversin tus a escri be
Above The Te{eHH GG arPiebtat & i RO SAAAIOH @IS GG B1esPaBi y pl at o m
or vehlcle mounted. As used herein the expression "artillery gun" nmeans

guns, cannons, howi tzers, nortars and the |ike, which have a calibre of at
| east 40mﬁcoprq;mg3rtgtﬁnpthﬁ5@ﬁ@egbof e embodiments described there is provided an

elevating apparatus for an artillery gun of the type comprising a breech assembly
connected to a barrel, the breech assembly having a firing mechanism for firing a
projectile through an open end of the barrel, the elevating apparatus comprising
three base members disposed in a substantially triangular arrangement, and three
support members arranged to support the artillery gun, wherein at least one of the
support members is extendible to vary the elevation of the artillery gun, and
wherein the base members and the support members are disposed in a

substantially tetrahedral arrangement.

Preferably, two of the support members are extendible. Preferably also, the or each

extendible support member comprises a piston and cylinder arrangement.

The elevating apparatus according to this aspect of the invention may also be
provided with features of the elevating apparatus described above.

According to another aspect of the embodiments described there is provided an
artillery gun comprising a breech assembly connected to a barrel, the breech
assembly having a firing mechanism for firing a projectile through an open end of
the barrel, wherein the barrel includes a muzzle brake through which projectile

propellant gas can escape from the barrel.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The drawings illustrates the preferred
enbodi nent of the invention relating to its wuse in a nortar system Figure
1 is an isonetric view of the nortar systemtogether with an enlarged view
of the traversing nmechanism Figure 2 is a side view of the nortar system
illustrated in Figure 1. Figure 3 is &plan view of the nortar system
illustrated in Figure 1. Figure 4 is a front view of the nortar system
illustrated in Figure 1. Figure 5is a side view of a nortar bonb | eaving
the barrel of a conventional nortar gun illustrating the effect of nuzzle

di st ur bandé@egnuziie brajtet igrdispaaed adiamesd tre open Bng wf dhés barrplustreferatly.dheor t ar

7 shove. sl R oree i Res T FBf o Chlforpd Rftidid shufedfitis e BpBTEpa ™ O ©
PREFERRED cENBORARMINT OF THE | NVENTION Figure 1 is an isonetric view of the

nortar system according to the preferred enbodinment of this invention.
Figure 1 should be read with Figures 2, 3 and 4 which illustrate the side,

pl an and fArgndonvigdforPdf theareBBIl bafferiiSafiaraes Peet él¥@ithg appfatiBdnarthsyst em
consists of 'the recoiling mass 10, elevating nass 20, traversing nmass 30

and track lEysEsing pBUatuRsBay be ngedritsheaidlenteunl i ng nmass 10 consists of a
nmuzzl e brake 11, barrel 12, breech 15, yoke 13, recoil buffer cylinder 17
and lock nuts. A nuzzle brake 11 with a pepper-port design is |ocated at the
front end Adcotdivey tdanoter dspeciool theeetbedintenmts nlesgrildde tharati® prdwiddzhanel 12
(rmono- bl ock), or detachahl.e for _ease of g" oductj%g(erl The br eﬁc@ 15 w th the
firing nmedhdisns BUPNEPMBHERA) 2 AMEEEN ASREMPN RN 1R & haehHe Preefl ot her
end of thesBambgl hdvind arfiingheeehaiifiariof find brdrbctile TRROUYA" & bpdr ehd of
supported by thé yoke 13 and is secured by the 1ock-nut yoke 14. The two
recoi | bufth@paegl apddudharcaperising adcreell beéfaring apnasatys agridpsceBedabeV& o it by

an elevating apparatus as described above, and/or a traversing apparatus as

described above.

The artillery gun according to the invention is preferably platform or vehicle

mounted.

As used herein the expression "artilery gun” means guns, cannons, howitzers,
mortars and the like, which have a calibre of at least 40mm, preferably above 50

mm.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrates the preferred embodiment of the invention relating to its
use in a mortar system,

Figure 1 is an isometric view of the mortar system together with an enlarged
view of the traversing mechanism.

Figure 2 is a side view of the mortar system illustrated in Figure 1.

Figure 3 is a plan view of the mortar system illustrated in Figure 1.

Figure 4 is a front view of the mortar system illustrated in
Figure 1.

Figure 5 is a side view of a mortar bomb leaving the barrel of a conventional
mortar gun illustrating the effect of muzzle disturbance on the mortar bomb.
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the |l ock-nut recoil buffer 18. The recoil buffer piston rods 23 are pivoted
to the trunnion 32 on the saddle 31. The guiding surface (C) on the outer
surface of the recoil buffer cylinders 17 will guide the barrel 10 and
ensure that the recoil buffer cylinders and barrel are parallel. During the
recoi ling notion, the whole recoiling '%ass 10 is sliding relative to the
cradle 21 on the outer surface (A of the recoil buffer cylinders 17 and
outer surface FRure® tistratesai inokttf bembpleaviog tiedarréBof aleortacgir fifeed f er has
a hydro-pneunatic t design, in that the buffer and recuperating

functi onsWih& W‘HF%%%EQ . It is optinized for the particular recoiling
156764-2 11  meRfuré @'shbvsidtlerdd Qewiy tidiMusAReske2f the particul ar bonb. It
is designed to "convert the inpulsive force that is generated by the gas
pressure to kinetic energy and subsequently to discharge it as a braking
force ie‘égﬁ' ANEQUERRERIFION' DR, THENBRERERRED "ERRODIMEN |
Kinetic eiVEMTI®N been conpletely discharged by the energy stored in the
recoil buffer cylinders 17. The invention significantly sinplifies the

cradl e design and reduces the recoiling force by maxim zing the recoil mass
10. The i pyRpé i P ShMRbiet®s vidie of A8 BodSS sflemPYcattbing fohthe ﬁFé?ér‘red;' i di ng
surface (A)” of the recoil buffer cylinder 17 and the piSton rods 23 that
serve as smnhodinentagidthifuinvestionr Fighee ihghasld deoreadnyitiddgurestd 3 @ngtch  of

t he cradl j Vi S t.ene it r ) and it
i's supporg‘éth(?ac(]:iI holﬁsqlﬁé tggﬁ&’s@% aa?@ fg?ﬁttﬁ%‘nrgzjégﬁ%xgﬁ?ﬁe%y |'Ir?3é§a%%nl nst ead
of the twihesngmardyistegn gonsisis ainhé hecdiimgrrabss $@ dldadtinghreass 20| teavebosiisg not
experience any, recoiling fqrc The two recoil buffer cylinders 17 are
nount ed tgbaegﬁr?@ra%pﬁrﬂd‘t?ée”%ﬂ}‘s@i 12. During firing, the gas pressure
generated in the barrel 12 that acts on the breech end will be transforned
to kinetic energy by accelerating the recoiling mass. The braking force

wi || be g&esplinadasg t he recoil buffering action and transmitted to the two
recoil buffer cylinders 17 through the yoke 13. The two recoil buffer
cylinders 17 are parallel with the barrel and recoil buffer piston rods 23
are pi vofilad reooititge nassnt) cong&tsoof 4 heuzzledolake 31, diarreL i Rybretok 1i5nyeké i on

reduces t recoil force by attaching the two recoil buffer cylinders 17
t oget her aﬁt chﬁguﬁgrrqygpger ¥7 ancti ?oclil nuts.

A muzzle brake 11 with a pepper-port design is located at the front end of the
barrel. It could either be integrated into the barrel 12 (mono-block) or detachable for
ease of production. The breech 15 with the firing mechanism (not shown) and firing
lever 16 are attached at the other end of the barrel to form the chamber for firing.

The barre! 12 is supported by the yoke 13 and is secured by the lock-nut yoke 14.

The two recoil buffer cylinders 17 are attached to the yoke 13 and fastened to it by
the lock-nut recoil buffer 18. The recoil buffer piston rods 23 are pivoted fo the
trunnion 32 on the saddle 31. The guiding surface (C) on the outer surface of the
recoil buffer cylinders 17 will guide the barrel 10 and ensure that the recoil buffer
cylinders and barrel are parallel. During the recoiling motion, the whole recoiling
mass 10 is sliding relative to the cradle 21 on the outer surface (A) of the recoil

buffer cylinders 17 and outer surface (B) of the recoil buffer piston rods 23.

The recoil buffer has a hydro-pneumatic type design, in that the buffer and

recuperating functions are integrated. It is optimized for the particular recoiling
156764-2



12 to maxim ze the recoiling mass and reduci ng the weight of the cradle by
anchoring the piston rods 23 of the recoil buffer cylinder 17 to the saddle
31 directly. Therefore. the recoil force is directed to the saddle 31 and
the cradle 21 wll not suffer fromany recoil force. Hence, the function of
the cradle 21 will only be to support1and guide the recoiling nass 10, and
the structural strength of the <cradle can be substantially reduced.

156764- 2 kassMueE Ifieingr thleemBRenurAT éHirgs X3 HRE pAMEQUIRObABS |BisTdégigRedtgke 11
onto the barrel of the artillery gun to reduce the recoiling force and

bl ast (ovEPPYLEE iErusiy forge thatrie generatgd by the gas Bressereiesidgetiheng'dige and
i nproves : [/ ng i i r bonb
50 1 oavi ng e HLPELIREHivO PERGTTR ad ableRn fofocierll MHofPhal RelTIoET

ef fect of lengthxlof thé secoibemhstrobe. The recoilirg mMessb1Bovill bEhpushedsbackz id ds

di sturbance because th r |1 ant gases _escape thr h th 0 i of the
bar el 70 S49TEh BORORD BT BRI aRL R o eHEPBIRY dlcthardefhndy e 't i ng
of the boheff) steredanl thy rddor bdffet eylibaeeel7.s quite significant. As a result
of the nuzzle disturbance, the accuracy of the bonb is nuch reduced. Figure

6 illustrates a nortar bonb 60 |eaving the barrel 12 of a nortar gun fitted

i th o . o .
bor thol ee T nGERIER SigninfafyTHiEIfee i Bratle UREGH| SR fidlohs e todiing
por t hol es fons thyadaxifizin thea egeoil measso 1. hTHef invérdidnasimglifid2theTdradlierdasigni on

al l ows significant amount. . of sesto.escape through th thol es before
he bor. PUME PraBERE Moy BE AR aFREBE obiThegeb T2 BG i trve

nuzzl e whesdd b tiaererklad eayrststdiel fuadésior Ik wiblelre®slirg gizisé | Tienlehythr educed,
t hereby reduci ng nuzzl e di sturpance. Consequently, the bonb 60 w reach

: | y 11
st eady- f | ioiRe g@de &lidh verr mush shareesd Wi NES Rl @esaurRrst lengityangdrbils nprove
the accur %ﬁ?ﬁp@rfteot Bﬁ ROt & OsurfHes cﬁ%é'r@cﬁf BfiferadyBRaére ﬁﬁ?eﬁ:l eﬁfhe two
(overpressure at the gun crew area) as the release of the high-pressure
gases has sbpportingreeidtsoverthe bamelersopérdtotheotradieneloes t notf expearenceeahyces t he

i rect i on BrOTHERranTE: See e HET ol ErS: et B el B e "o
wi || reduegrdehe2recoil force, unlike in the conventional nortar system
wi t hout the
During firing, the gas pressure generated in the barrel 12 that acts on the breech
end will be transformed to kinetic energy by accelerating the recoiling mass. The
braking force will be generated by the recoil buffering action and transmitted to
the two recoil buffer cylinders 17 through the yoke 13. The two recoil buffer
cylinders 17 are parallel with the barrel and recoil buffer piston rods 23 are
pivoted to the trunnion 32 on the saddle 31 directly. The invention reduces the
recoil force by attaching the two recoil buffer cylinders 17 together with the barrel
12 to maximize the recoiling mass and reducing the weight of the cradle by
anchoring the piston rods 23 of the recoil buffer cylinder 17 to the saddle 31
directly. Therefore. the recoil force is directed to the saddle 31 and the cradie 21
will not suffer from any recoil force. Hence, the function of the cradle 21 will only
be to support and guide the recoiling mass 10, and the structural strength of the
cradle can be substantially reduced.
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muzzl e brake. Elevating mass The el evating mass 20 consists of the cradle 21
and the whole of the recoiling mass 10. 156764-2 13 The cradle 21 is
designed to support and guide the whole recoiling mass 10 on the outer
surface A of the two recoil buffer cylinders 17. The cradle 21 is connected
by the cradle connecting tube 22 and pBvoted at the trunnion 32 on the
saddl e 31. The bottomof the cradle 21 is connected to the elevating

cyl i nders pM@Apr4ReyY the elevation of the whole el evati ng mass 20.

El evating mechanism Figures 1 to 4 also illustrate the design of the

el evating and traversing nechanism The cradle 21 of the nortar systemis

t ed L0g: ' j 3 and
Cr 055 connbB Mefief {fkbAinEXnonses 5 Atz Hpake 34 dcfo HRBSHL! Sne ffery™ TPCS
22, saddl guadonmedtcenthet rdeeding Jomedarel dastt jongrpresduredetree ¢0n coevwnatea). Ki de

triangles._ The el evati |inders 40 ited on the left front t
34 and 11 GO TRGACCS IRIBNDS S504RR Biss IME AR BEROP t he cradl e 21 for

varying the el evation of the whole elevating nmass 20. The el evating

mechani sm_of the two elevating cylinders 40 could be hydraulic or

nmechani calFigaednsta pies viewsehaveertarhagah 80 deaying thei haves! 70\gfe epnvgationgh, t he
two el evat] cyl e : LNk S t. The
two ol ovartaercy Sraidy e kRebCor PlzaleldEroploc HRTHE RS SIHERT .,
triangl e. THeee fimunuzzie aiglrbanoeidcansa theprepalant gaabe dsoaps lipagh théais i s

the nost stable onetr ince the b wi dth of the hani sm_has, been

si gni fi carfPEPNg; ‘?‘Tgﬁﬁﬁé@/ 7%55*%3&%? g@?g@vseé tg?i%%ﬁtgeg&ﬁa’%%ggngh%nent
that acts kgt dfethe PYorts BBHusEE BYGRE didieBaRce IhQuifd SidAfiaR. AStd Rigithfand
wei ght of the elevating nmass deSign is substantially reduced. The invention

t hus redudes muzglerlistieranee. theRECHERCY 6ff sbemb ineughdedueddevat i ng mechani sm
and also sinplifies the design. Traversing mass The traversing nass 30
consists of a saddle 31, two connecting tubes 33, left front support 34,
ri ght frorfigweppilustr@®sva triortar doets 60 deayeay thedverrel g 2301, a onarsar gun fitted

with a muzzle brake 11. The muzzie brake 11 includes a plurality of portholes to
allow the gases to escape from the barrel 12 through the portholes instead of
through the mouth of the barrel 12. The invention allows significant amount of
gases to escape through the portholes before the bomb leaves the barre! muzzle.
Therefore, the gas pressure at the muzzle when the bomb 60 leaves the barre! 12
will be significantly reduced, thereby reducing muzzle disturbance. Consequently,
the bomb 60 will reach steady-flight very much earlier, which will increase the

range and improve the accuracy of the bomb 60.

The muzzle brake also reduces blast (overpressure at the gun crew area) as the
release of the high-pressure gases has been spread over a longer period of time. It
further reduces the recoiling force because of the muzzle brake efficiency. The
change in direction of the high-pressure gas flow that acts on the muzzle brake 11
will reduce the recoil force, unlike in the conventional mortar system without the

muzzle brake.

Elevating mass

The elevating mass 20 consists of the cradle 21 and the whole of the recoiling
mass 10.
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connecting tube 36, two elevating cylinders 40 and the whol e of the

el evating nmass 20. 156764-2 14 The saddle 31 is sited in the centre of the
track assenbly 50 and is rotatable. The |l|eft front support 34 and right
front support 35 have radial "T" slots. Both front supports 34,35 ride on
the track of the track assenbly 50 whid8 is concentric with the centre and
all ows both front supports 34,35 to slide on it. The saddle 31 and front
supports 34,35 are all connected by two saddl e connecting tubes 33 and
cross connecting tube 36 to forma triangular base. The elevating cylinder
40 is sitdhecadlnallismdesionetlito suppet endguigledheivdivle recoing rsappH 3P on3ke and
both fron 34, : t.

ol evat | onC8YRRREE A8 dR (fbFe OByt 17, FRERHRIE 2118 clffetued BF

t r aver si nghereradEncamecting buites22 Bind pivotezkatithe drunoiume?2 onghe shadie 33, Bbe

connectin he left fropt ,support 3 right front su rt and the saddl e
3 "The. " Saiteoh e sr&fle 1 'R Sornettahip dRg eleviingr SRRSO  I0P ey B <
r ot at abl equ\,ggmoathew&é@fgvagq@snas'grz@_I eft front support 34 and the right
front support 35 have radial " slots. They ride on the track of the track

assenbly 50 which is concentric with the centre and allows the left front

support 3@%% H g}nfront support 35 to slide on it. The saddle 31 and
front suppm‘l—s—%g%a're connected by two saddl e connecting tubes 33 and
cross-connecting tube 36 to forma triangular base. The assenbly allows the

traversing.mass ,30 to rotate along the track assenbly 50. . There is a pinion
36" engag! FETES 19pA A0NLelEIL e dhsieotbEHRRIne Gnodraersig MecReusm
traverse Ofhetd8diatI1USH thenortiesyistéi g8 ldiatdEEN b 2rBvatihd eyihdefLan I hgo
conventional arc and pinion as the gear teeth is replaced with a steel

cabl e 39. sEfdlestaraecingiubesdsT asd & grsshenpeding tuls BBHarm cabasaiffaage. of t he

track ass I 1 ] i x£d %ﬁ | i whi | e

t he ot her ere'ﬁr%d%{as%@? &%gﬁfeﬁ@ gggﬁg s%z‘ra’i rs]%&cil%‘(’ﬁ S S\A/ré)%ﬂﬁlﬁger% eéé}ldq(?a%"laﬁﬁg 39 sits
i n the semwlidarsdDdorns pwvo aldegriangles ofhd blevating oyiin@&rs harepsitedon B lafdl ds its
position firm

as. Lt i§g s ezed by ¢ tensjon in the ste cabl e.39. The
on ci roulflnt spati S8, ApBvERb orh Surhont S5 and BplrodieCornBiediib e SEHIN 2t
bet ween t higr varying the elevation of the whole elevating mass 20. The elevating mechanism
of the two elevating cylinders 40 could be hydraulic or mechanical screw types.
However, regardless of either type of design, the two elevating cylinders 40 have to

be linked for synchronous movement.

The fwo elevating cylinders 40 and the cross-connecting tube 36 form a front
triangie. The four triangles mentioned forms a tetrahedron shape.. This is the most
stable geometry since the base width of the mechanism has been significantly
increased. This geometry also eliminates any bending moment that acts on the
structural members. Hence, the structural strength and weight of the elevating
mass design is substantially reduced. The invention thus reduces the number of
moving joints of the whole elevating mechanism and also simplifies the design.

Traversing mass

The traversing mass 30 consists of a saddle 31, two connecting tubes 33, left front
support 34, right front support 35 with traversing gear housing 37, cross
connecting tube 36, two elevating cylinders 40 and the whole of the elevating

mass 20,
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156764-2 15 steel cable 39 and the pinion 38. It also inproves the gripping
power and prevents deformation of the steel cable. The traversing gear
housing 37 is attached to the right front support 35 as an integrated

bl ock. It houses the bearings, which support the pinion 38. The pinion's
driving mechani smcould be a worm and Wbrm gear, which is a very conmon
design , and can be nmanual or power driven. The traversing novenent is
generated when the pinion 38 is rotated in simlar fashion to a gear's arc
and pinion action. The rotating action of the pinion 38 S the_steel

f i nd
cabl e 39 frgsagdale 31 iesited indhe Oeage@émw@h?ﬁ%ﬁmbiwﬁ%ﬁ%g rBtasﬁblﬁhEhe
opposi te ifdfonil B@ﬁ;ﬁfrlprsa, afd Yight #oRDSUBbort %@Shm rabisinersy6e! BoaRliongd Wl |

be generated and wil| subsequentlz nove the traversing nass 30. Unlike the
gear teet Bupports 3habdistei emine tack ahthepiratkoassgastily B0 whieh is earmentriggwith

mechani s 0 [ v [ en the l,cable 39
and the BiocenPEand HBnd e et SBRUrE"E05" B R AEER: 11 sRbERAERN o
mechani smirohh supplsty 34185 dtes @ll acudnditet! by appeshddie themetieg! tubedl!ds andl t he
pinion will not affect bt% fL#ncti nality. The traversing nechani sm al so

el i mi nat e§"ASHEPPEHINGHBE SBHRPTMALTIFIUR D3§Cext rene tenperatures caused by
the thernmal expansion of the material in the conventional arc and pinion
desi gn as whatever changes in the size of material caused by a change in

t enper at uTéeveleyating aylindeatdlc & sijed onpihes ftetionopuppast Bénandmighh froné st eel

Ful < pr oor gy 35 MO RS BRSAE 04195 ASRIFRCRR oI AL B ¥y er i
wei ght anthesélguatfoncefrthe whald elesatingangss 20.0l erance in the production of the

conmponents. The invention described herein is susceptible to variations,
nodi fications and/or additions other than those specifically described and

it isto mwgﬁ%mmnhh@t the invention includes all such variations,
nodi fications and/or additions which fall wthin the spirit and scope of
the above description. Although the preferred enbodinment of the invention
be- sui T abl' 067 SR8, Fbchdndreahdits) of BBy ED ohiloig “EBbs .58V 2l =0

connecting the left front support 34, right front support 35 and the saddle 31. The

saddle 31 is sited in the centre of the track assembly 50 and is rotatable around a

vertical axis. The left front support 34 and the right front support 35 have radial "T"

slots. They ride on the track of the track assembly 50 which is concentric with the

centre and allows the left front support 34 and the right front support 35 to slide on

it. The saddle 31 and front supports 34 & 35 are connected by two saddle

connecting tubes 33 and cross-connecting tube 36 to form a triangular base. The

assembly allows the traversing mass 30 to rotate along the track assembly 50.

There is a pinion 38 engaging the structure to the track assembly 50 to permit

lateral traverse of the structure.

The traversing mechanism differs from the conventional arc and pinion as the gear
teeth is replaced with a steel cable 39. The steel cable 39 rests on the plain
cylindrical surface of the track assembly 50 with one end fixed. It wraps around the
pinion 38 while the other end is tensioned by a spring (not shown). The steel cable
39 sits in the semi-circular spiral groove on the pinion 38. The pinion 38 holds its
position firmly as it is squeezed by the tension in the steel cable 39. The
semicircular spiral groove on the pinion increases the contact surface between the
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16 CLAIMS: 1. Arecoil buffering apparatus for use wth an artillery gun of
a type nounted on a support platformand including a breech assenbly
connected to a barrel, the breech assenbly having a firing nechanismfor
firing a projectile through an open end of the barrel, the inprovenents
conprising: a) at least two recoil buf flar | ng cylinders engaged to and to
nove in unison with said barrel during recoil action of the barrel caused
by the fi rdtewd cablet3®apd dhe pinidre38.chalsodmpdovass the agippingveowercarid preuériter i ng

cyl i nder sr(%rférentﬁ%cai %ﬁg%ﬁ\égb‘!&éﬁ%l ongi tudi nal direction parallel to that of

said Dbar iston rod assenbly for each of said at |east
two recoil buffering cylinder, wherein said piston of each said assenbly is
slidably engaged within its resgeqtive recoil buffering cylinder, and
wherei n” sai'® gﬁ‘éqrélﬁgrgﬁﬁrdwl@m £ds @tlaskes i yhe sighk&enkUPRPTE 3Pdas BRpor t

platform iﬁt'égrat Bl%%ﬁ.”ﬁ*.’ﬁﬁu?és BRULARIS Whith %#J;Kbri tre HIRRASH. It % 6ir%f?§'
buffering cyFinder providing a first™ neans of support to said at |east two
recoi | bufdrizgmignmechanismiecsuld rienasadnh sodpeerm geat, fwinioh i)e weryeawnmionreans of

support by, which said at |east two recoil buffering cylinders are supported
from sai d dﬁ?@ﬁore{ndpqaé‘ttf%mnugg?ropqé’@ééjﬁ'&e%ans of support including an

aperture for each of said at |least two recoil buffering cylinders to extend
through and relative to which said at least two recoil buffering cylinder
can slide the BavejsingeaoueiMeRYyis aersratedcwiem the pinien B8risgptated 4n sHnidsct i on
paral | el tfggﬁiﬁﬁ tbod"gb%i“'éj'a’f‘é‘lanﬁ' bifoh! 8ol THE! iRk Fg&tion""ﬁ?‘ir?é BiriH dgbarr el

i s supported by sal Irst means of support via sdid at [east two recoil

buf f eri ng wint$ Huesteelarathles 88 dnoth reanileafs welplpe conalroerdlysaivdnding ffart thpl at f or m

in a nmanner_ so.,tha direct cqopntact ,with said,support at.f.or sai d
b el i Gorte e TRefidrE’a RMHATIL bhdaf h bl S el SO BY .

buf f eri ng qgletaed BAE WAIEBUBIRRUBHSY) PDVe Rtk iraversingsasi30/e recoil buffering
cylinder wll transmt recoil force, via said piston rods to said support

platform whilst the sliding action between said second neans of support and

said at | q3giet ¥R gQ%rf h&dth N Syécgﬂ)‘éﬁfio || FeSasfifhics rf,’%%strQ\féer%iHBpo” to
remai n stationary and unsubjected to the recoiling force'in sal
| ongi t udi makcldinisse tdoea .NoR have reeretitive odvamnéntgn dppreeant e steelctadier8d and cl ai m

L e R e S B8 e B B R RS 1
wher ei n saidditRec dost ardntirt afappe@Pethe steel cable and the pinion will not affect its
functionality. The traversing mechanism also eliminates the problem of
malfunctioning in extreme temperatures caused by the thermal expansion of the
material in the conventional arc and pinion design as whatever changes in the size
of material caused by a change in temperature will be automatically compensated
by the tension in the steel cable spring (not shown). Therefore, it becomes an

environmentally full-proof system.

The invention is also very much simplified, lighter in weight and significantly allows

larger tolerance in the production of the components.

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. Although the preferred
embodiment of the invention mentioned above relates to a mortar firing system, the
invention may also be suitable for other types of artillery systems.
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i ncludes a cradl e nenber having an aperture there through for each said
recoil buffering cylinders, wth and through which each said recoi
buffering cylinder is slidably engaged at the exterior cylindrical surface
of said recoil buffering cylinder to be guided during recoil in the

| ongi tudi nal direction. 17 4. A recoil buffering apparatus as clained in
claim3 wherein said second neans of support includes two support arnms,
each engaged to said cradle and to extgnd between said cradle and said
support platform 5. A recoil buffering apparatus as clainmed in claim4
wher ei n"CEAIMS: wo support arns are when engaged to said support platform
directed fromsaid cradle in a dowmmward and rearward direction and are
spl ayedl.out wareatbil biifferingeapphraatstfer ust ovitheananijbegye gurt of sypelmauppd vh apliottor m a
di st ancglatférffeindapanding b drecuthsssemblgicdniicord so1p parid], the bieeeli Sssenpladadinga sai d

cradl e. fifng Medhahi@inl foPAfine4 bidgecaRRRAENEn GfenEndioMB@ baftel tiRiifpfovelenei N, two
further.sypRMpt arms are provided each engaged to said cradle and to extend
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el evation of the barrel. 8. A recoil buffering apparatus as clainmed in claim
3 wherei n a Whesteinsaid pistan ef@ach wid asserpblyiingidable lengased withioity repreetiv repr!

cyl i ndebuteripg splirdlebandel at or proximate, the forward nost end of each said
recoil buffering cylinder, said cradle slidably engages each said recoi
buffering cowyhdreidesid pisidreroded eahaadfaseaiblly i ckairait ssidcopgbrt ggifam, wieer e each
recoi | éghgemndnnof @ixh admbly with RogegRMvé Resibbetfdmigiclinde proAidiag ofitst buf f eri ng
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manner to allow traversing novenent t her eof about
wherein said barrel is supported by said first means of support via said at least two recoil

buffering cylinders and second means of support above said support platform in a manner so that
no direct contact with said support platform by said barrel will be made, and

wherein during recoil action of the barrel a buffering action between the piston and its
respective recoil buffering cylinder will transmit recoil force, via said piston rods to said support
platform, whilst the sliding action between said second means of support and said at least two
buffering cylinder allows said second means of support to remain stationary and unsubjected to
the recoiling force in said longitudinal direction.

2. A recoil buffering apparatus as claimed in claim 1 wherein said barrel is to be located
between said at least two recoil buffering cylinders.

3. A recoil buffering apparatus as claimed in claim 1 wherein said second means of support
includes a cradle member having an aperture there through for each said recoil buffering
cylinders, with and through which each said recoil buffering cylinder is slidably engaged at the
exterior cylindrical surface of said recoil buffering cylinder to be guided during recoil in the
longitudinal direction.



said horizontal pivot axis for said piston rods to allow directional aimng
of said barrel. 11. An artillery gun assenbly conprising a barrel with a
breech assenbly, the breech assenbly having a firing nechanismfor firing a
projectile through an open end of the barrel, a support platform by which
said barrel is supported, a recoil buffering assenbly conprising a) at

| east two recoil buffering cylinders engaged to and to nove in unison with
said barrel during recoil action of tjwe barrel caused by the firing of the
projectile, each said at least two recoil buffering cylinders oriented to
have it4 | on‘grqcadubnﬁfbrnw apperafusias glatméd iglclaim 3t whareinfaid spepnd izpanedt support b) a
pi st on iapkidgs tyoenppovichres sk Eygaged tocsaitirrafle arad td eatend betsieen sad cradleiand

buf f er i said appomgdiatformwherei n sai d pi ston of each said assenbly is slidably
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said first means of support via said at least two recoil bufferi ng
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9. A recoil buffering apparatus as claimed in claim 1 wherein said piston rods are pivotally
secured to said support platform about a horizontal pivot axis, said second means of support
being engaged to said support platform in a manner to allow traversing movement thereof about
said horizontal pivot axis for said piston rods to allow directional aiming of said barrel.

10. A recoil buffering apparatus as claimed in claim | wherein said piston rods are pivotally
secured to said support platform about a horizontal pivot axis, said second means of support
being engaged to said support platform in a manner to allow traversing movement thereof about
said horizontal pivot axis for said piston rods to allow directional aiming of said barrel.

11.  Anartillery gun assembly comprising

a barrel with a breech assembly, the breech assembly having a firing mechanism for
firing a projectile through an open end of the barrel,

a support platform by which said barrel is supported,

a recoil buffering assembly comprising

a) at least two recoil buffering cylinders engaged to and to move in unison with said
barrel during recoil action of the barrel caused by the firing of the projectile, each said at least
two recoil buffering cylinders oriented to have its longitudinal direction parallel to that of said
barrel,



13. A recoil buffering apparatus as clained in claiml 1 wherein said second
means of support includes a cradle nenber having an aperture there through
for each said recoil buffering cylinders, with and through which each said
recoil buffering cylinder is slidably engaged at the exterior cylindrical
surface of said recoil buffering cylinder to be guided during recoil, in the
| ongitudinal direction. 14. A recoil buffering apparatus as clained in claim
13 wherein said second neans of supporg includes two support arns each
engaged to and extendi ng between said cradle and said support platform 15.
A recoil bufthemisten apirstan usl asendilpforedch of saidait madt4waiesodi mffseinglcylindes uppor t
arns are directed fromsaid cradle in a downward and rearward direction and
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engaged to said cradle. 16. A recoil buffering apparatus as claimed in claim
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12. A recoil buffering apparatus as claimed in claim 11 wherein said barrel is located
between said at least two recoil buffering cylinders.

13. A recoil buffering apparatus as claimed in claim 11 wherein said second means of
support includes a cradle member having an aperture there through for each said recoil buffering
cylinders, with and through which each said recoil buffering cylinder is slidably engaged at the
exterior cylindrical surface of said recoil buffering cylinder to be guided during recoil, in the
longitudinal direction.

14. A recoil buffering apparatus as claimed in claim 13 wherein said second means of
support includes two support arms each engaged to and extending between said cradle and said
support platform.

15. A recoil buffering apparatus as claimed in claim 14 wherein said two support arms are
directed from said cradle in a downward and rearward direction and are splayed outwardly from
each other to be engaged to said support platform a distance wider apart than where said two
support arms are engaged to said cradle.

16. A recoil buffering apparatus as claimed in claim 14 wherein, two further support arms are
provided each engaged to and extending between said support platform and said cradle, said two
further support arms being parallei to said piston rods and said recoil buffering cylinders.



parallel to that of said barrel, b. a piston and piston rod assenbly for
each of said at least two recoil buffering cylinder, wherein said piston of
each said assenbly is slidably engaged within its respective recoi
buffering cylinder, and wherein said piston rod of each said assenbly is for
securing to a support platform the engagenent of each assenbly with its
respective recoil buffering cylinder providing a first nmeans of support to
said at |east two recoil buffering cyljognders fromsaid support platform c.
a second nmeans for supporting by which said at |east two recoil buffering
cylinders fromsaid support platform said second neans of support including
an apertur e A teoil bafférimyf appatadisat claiaal inftclaim r1d adiekeibsiid ewppog aentb aeders to
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recoil Mé@ﬁﬂoﬁgm@pmugi MSopta cal af tRedairel, cl ai m 19 wherein said barrel is

| ocated between said at |east two recoil buffering cylinders. 21. A recoi

buffering app rr@édﬂlsoﬁﬁrlﬁégésgﬁgl))d%nﬁh@n@ 20 wherein said second neans of
support includes a crad menbér haV|ng an aperture there through for each
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21 wherein s%'i‘?@ @ct #f said barrel

b. a piston and piston rod assembly for each of said at least two recoil buffering
cylinder,

wherein said piston of each said assembly is slidably engaged within its respective
recoil buffering cylinder, and

wherein said piston rod of each said assembly is for securing to a support
platform, the engagement of each assembly with its respective recoil buffering cylinder
providing a first means of support to said at least two recoil buffering cylinders from said
support platform,

¢. a second means for supporting by which said at least two recoil buffering
cylinders from said support platform, said second means of support including an aperture
for each of said at least two recoil buffering cylinders to extend through and relative to
which said at least two recoil buffering cylinder can slide to be guided during recoil
action of the barrel in a direction parallel to the longitudinal direction of said barrel,

wherein, when so secured to said support platform, said barrel is supported by said first
means of support via said at least two recoil buffering cylinders and second means of support
above said support platform in a manner so that no direct contact with said support platform by
said barrel will be made, and



support includes two support arnms each engaged to said cradle and to extend
between said cradle and said support platform 23. A recoil buffering
apparatus as clainmed in claim?22 wherein said two support arns, when
engaged to said support platform are directed fromsaid cradle in a
downward and rearward direction and are splayed outwardly from each ot her
to be engaged to said support platforma distance w der apart than where
said two support arns are engaged to sg d cradle. 24. A recoil buffering
apparatus as clainmed in claim?22 wherein, tw further support arns are
provi ded eacvhesgigdygeng teooi$ aitbnof del barrahabuffering etimh teeyemedhe piaiod asdigpor t
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23. A recoil buffering apparatus as claimed in claim 22 wherein said two support arms, when
engaged to said support platform, are directed from said cradle in a downward and rearward
direction and are splayed outwardly from each other to be engaged to said support platform a
distance wider apart than where said two support arms are engaged to said cradle.

24. A recoil buffering apparatus as claimed in claim 22 wherein, two further support arms are
provided each engaged to said cradle and to extend between said support platform and said
cradle, said two further support arms being parallel to said piston rods and said recoil buffering
cylinders.

25. A recoil buffering apparatus as claimed in claim 22 wherein said support arms are
telescopic support arms adjustable in length, wherein with each said piston rod assembly
pivotally engageable to said support platform about a horizontal axis, said telescopic arms are
able to vary the elevation of the barrel.

26. A recoil buffering apparatus as claimed in claim 21 wherein said recoil buffering
cylinders are engaged to said barrel at or proximate to each distal end of each said recoil
buftering cylinder, the forward most end of each said recoil buffering cylinders being engaged
via a yoke and wherein said cradle slidable engages each said recoil buffering cylinders
intermediate of said yoke and where each recoil buffering cylinder is engaged to said barrel.

27. A recoil buffering apparatus as claimed in claim 19 wherein said piston rods are pivotally
secured to said support platform about a horizontal pivot axis, said second means of support
being engaged to said support platform in a manner to allow traversing movement thereof about
said horizontal pivot axis for said piston rods to allow directional aiming of said barrel.



