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I nvention relates to a platformor vehicle-nounted artillery firing system
and in particular to a platformor vehicle-nmounted nortar system and

i nprovenents in 10 relation thereto. BACKGROUND AND PRI OR ART
Traditionally, a nortar systemwas an infagtry and commando weapon that was
15 designed for man-packing. It had to be broken down into a few
sub-assenblies to resolve the weight constraint necessitated by

man- packi ng. Therefore, to set up the nortar systemfor firing will take at
| east a few m nutes. However, nortar systens have now been nounted on
various vehicles to neet the quick response required in performng

hi t-and-run m ssions demanded in nodern warfare. 20 The traditional nortar
system consi sts of a barrel and breech assenbly, bipod assenbly and a
base-pl ate. The breech]MPRQVEMENTS TIC:ARTILLERYFIRINGSYISTEMse- pl ate
sitting on the ground. The bi pod assenbly is used for supporting the barrel
and for fPne adjustnent of its elevation and travel. The gas pressure acting
on the 25 brEﬁﬁﬂ;ﬁﬁﬂ#@QEaﬁﬁﬁiéion force generated during firing, which are
subsequent | y the structure (base-plate) is very high. It
could be as high as 150, 000kPa, but it is not a problemfor a solid
structure such as a base-plate that sits on the ground and acts as a
natural danp®his BeNbiem rélasnord ?btf@mtcﬁmeh&l@in@ddmémamww fifing ispstent bhdul ar

when it is nounted on a vehicle), nost systemintegrators currently use the
traditional inopardieuleytn amplatfedm @r-vehicle-mounted mortar system and improvements in

10 relation thereto.

BACKGROUND AND PRIOR ART

Traditionally, a mortar system was an infantry and commando weapon that was

15 designed for man-packing. It had to be broken down into a few sub-assemblies to
resolve the weight constraint necessitated by man-packing. Therefore, to set up
the mortar system for firing will take at least a few minutes. However, mortar
systems have now been mounted on various vehicles to meet the quick response
required in performing hit-and-run missions demanded in modern warfare.

20
The traditional mortar system consists of a barrel and breech assembly, bipod
assembly and a base-plate. The breech piece has a spherical joint with the base-
plate sitting 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

25 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.

30  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 wwthstand the firing force. This wl|
result in heavy structural reinforcenent/nodification of the nounting

pl atform (vehicle). The danping adapter has been devel oped by sonme system
integrators as an interface between the nortar and the platform (vehicle)
which is able to reduce the firing 5 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 suspension_system al so
requi res reifated oneesigningtthe yruetsrer ta vitkstnod dhe ffisingderagedhist willresalt dm it .
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force, but tbHire omgghani sm may not be efficient as the recoiling nass is too

low to absorb the firing energy effectively and subsequently convert it to
the recoil braking force. 25 Cradle design of conventional gun systens

"O'-crad Si ."U'-cradl e desjgns,and a conbination .of both_are the
three bl HiARRWing AT SDERS HAE bAST HANSS Tt B T SHURa4E8 desRenaie’
support and gych as lack of recoil buffering and accuracy of the mortar systems of the prior art,

and the lack of manoeuverability of the whole vehicle.

Recoil mechanism

15
The recoil buffer mechanism is the most essential part of the gun system. The
traditional mortar system is designed for man-packing and therefore its weight must
be relatively lighter to allow portability. Thus the recoil mechanism has never been
considered for use in the mortar system. However, when the mortar system is

20 platform-mounted (vehicle-mounted), the recoil forces become more critical
compared to the weight of the individual sub-assembly. Hence, some system
integrators have incorporated the recoil mechanism to absorb the high recoit 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.

25

Cradle design of conventional gun systems

“O”-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

30 guidance of the recoiling mass during firing.



30 guidance of the recoiling mass during firing. -3- The "0" cradl e 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 sinplest in
construction and the nost commonly-used design. The big and | ong
cylindrical sliding surface on 5 the barrel carries an excessive anount of

weight. Ont h ar n
the recoili n‘l'é}?enaoés)sﬂa#ﬂ%spﬁgﬁcesﬁr%ﬁge t 6%@% o% 1 l{ﬁ ??‘Q‘?‘%@SH%? t he
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The "T" shaped 10 slot on the cradle is used to support and gui de the
barrel whil eylindocalisugfademheg retortingguringiring. aktieetlhe simplest inainstiuotiemande
barrel (or ope on the barrel and one an the breech) as a brjidge between the
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reduce the recoiling force. wever, the cradle is conplex in both design
and manuf actftedtivgnedsef e blafrfmhn'gbf tbemecoiht i on cradl e design takes

advant age of the benefits of both 20 the above designs. Its front support
is an "0" cradle design and its rear side is a "T" cradle design. The

cylindrical ALYy ryel i wphy nt
sliding and %y@oﬁrg%r éﬁ%}?ﬁ’ltéggfg‘? r&t#]ggngﬁﬁéﬁgluﬁ%ééélg'aes@a rre % (;ﬁ; %:f)‘ﬁf){?ﬁ
breech agpt hof 8ArtheWIAANk! is U RRSURloredhE g?_uﬁie mé)Ba&rel While @sooidgaarihg an
optim zed design and it saves one br acket. "The cradle is, however, conplex
in both desifgmg25Twodrackets act attached degdnelbess! (of oaklontthe ttdnreiand;qmsonf
cradl e desi the mnimum | %n%vh of the cradle will_be two X suPport
length + reggﬂt;rﬁ@crp)eqﬁg Prigge between the barrel and cradle. The external profile of the

barrel can be optimized to achieve the design strength (gas pressure distance

profile). Hence, there will be significant weight reduction on the barrel. The recaoll

15 cylinder can be attached together with the barrel to increase the recoiling mass to
reduce the recoiling force. However, the cradle is complex in both design and

manufacturing.

The “O” and “U” combination cradle design takes advantage of the benefits of both
20 the above designs. lts front support is an “O” cradle design and its rear side is a
“T” cradle design. The cylindrical surface of the barrel on its centre portion is used
for front sliding and only one bracket is attached onto either the barrel or on the
breech as the rear support. The barrel external profile is very close to an optimized
design and it saves one bracket. The cradle is, however, complex in both design
25 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
30

To-date, the muzzle brake has not been adopted onto any mortar system. The



safety all owance. Mizzle brake 30 To-date, the nuzzle brake has not been
adopted onto any nortar system The -4- traditional nortar systemis
designed to be man-packed. Its weight is very critical. Therefore, the
nmuzzl e brake has never been considered for the nortar system The bonb
muzzle velocity is very much slower than hhe gas flow when it |eaves the 5
barrel. The bonb will be unstable because of gas turbul ence at the nuzzle.
Trying to re-stabilize the flight path of the bo during, flight wjl
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centre, or two actuators installed on both sides of the elevating nass in
parallel. The base width of these nechanisns is quite small. 15 The arc and
pi ni on gear TBhe bombanuzae vetooity & eeryoatchciomerthpndbe das dowtwieen it leavesthag
mechanism In t eggrc a dwﬁfnion mechani sm backl ash (cl earances Lh the
S
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demand 20 hi preci'si on and 'cost el 'y,  conplex
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Anot her di sadvantage is that the gear teeth have friction due to their
rel ati ve novenents and are prone to wear and tear since it is very

difficult to_protect gqai nst, dust and dirt inits

Elevating andtraversing mechanism

10
The most common elevating mechanisms used in gun design are the arc and
pinion gear design, the single actuator at the centre, or two actuators installed on
both sides of the elevating mass in parallel. The base width of these mechanisms
is quite small.

15

The arc and pinion gear or linear actuator are most commonly used for the
traversing mechanism. In the arc and pinion mechanism, backlash (clearances)
in the gear trains is essential to ensure the smooth running of the mechanism. The
acceptable backlash in the traversing mechanism for accurate gun laying demand
20 high precision and costly components. Alternatively, complex anti-backlash
mechanisms are normally employed to resolve the problem. Another disadvantage
is that the gear teeth have friction due to their relative movements and are prone
to wear and tear since it is very difficult to protect against dust and dirt in its
operating environment. The uneven wear and tear will cause malfunction of the

25 anti-backlash mechanism after prolonged usage.

The linear actuator is only used in traverse mechanisms having a smaller arc 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

30 system for a closed-loop power drive system.



operating environnment. The uneven wear and tear will cause mal function of
the 25 anti-backlash nmechani sm after prol onged usage. The |inear actuator
is only used in traverse nmechani sns having a snaller arc of traverse.
Furthernore, it has a non-linear (cosine error) correlation novenent
between the linear actuator and the rotatigig action. This will conplicate
the control 30 systemfor a closed-loop power drive system -5- The
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I nvention i Spienhtion8dGddvBe recoil force that acts on the structure of the
artillery firing platformby up to 80% W have found that providing a
tetrahedron shape for the arrangenent of the elevating cylinder avoids

causing 10 each nenber to suffer excessive bending force and the stable
shape allows the barrel to nove in one plane or in one direction.

Therefore,5 tg I\h rF@/%ﬂ_-gf RVE 'Qe mounted on a nuch [ower class of

pl at f orm or V'grrr%“eg—‘?ﬁgoma—@g@o —tonne vehicle to a 10-tonne vehicle).
This is achieved by optim zing the systemdesign and incorporating the
recoil buffer, nuzzle brake and maxim zing the recoil mass. 15 Such a design
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can be mounted on a much lower class of platform or vehicle (eg. from a 30-tonne

vehicle to a 10-tonne vehicle). This is achieved by optimizing the system design

and incorporating the recoil buffer, muzzie brake and maximizing the recoil mass.

15 Such a design also increases the range and improves the accuracy of the bomb.

Further, another objective is to simplify the design and increasing the efficiency of
the cradle and traversing mechanism for the artillery firing system. We have found
that, if the recoil cylinder is anchored directly to the saddle, the cradle becomes
20 lighter when the recoil force bypasses the cradle. The external surface of the recoil
cylinder is used as a sliding and guiding surface to allow the recoiling mass to slide
during recoil when firing the gun. Furthermore, in a traversing mechanism, a steel

cable is used in place of gears so that there is zero backlash.

25  Another objective of the invention is to improve the safety of the crew by reducing

the blast (overpressure) at the gun crew area.

According to one aspect of the invention there is provided a recoil buffering
apparatus for use with an artillery gun of the type comprising a breech assembly
30 connected to a barrel, the breech assembly having a firing mechanism for firing a

projectile through an open end of the barrel, the recoil buffering apparatus



25 Anot her objective of the invention is to inprove the safety of the crew
by reducing the blast (overpressure) at the gun crew area. According to one
aspect of the invention there is provided a recoil buffering apparatus for
use with an artillery gun of the type conprising a breech assenbly 30
connected to a barrel, the breech assenbl y having a firing nmechanism for
firing a projectile through an open end of" the barrel, the recoil buffering
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means is dir e 10 support platform In the preferred

construction, the recoil buffering nmeans is pivotally secured to the
support platform It is preferred that the recoil buffering neans conprises

a buf fering Rygferadgy, thagimsort meainstintiuddd aehrilke tdiry kaetbiebpferirmeaingds
slidable relative to the buffering cylinder, 15 and the piston and
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It is preferred that the recoil buffering means comprises a buffering cylinder having

a piston attached thereto the piston being slidable relative to the buffering cylinder,

15 and the piston and buffering cylinder being arranged so that sliding movement

therebetween provides the buffering action.

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 provided
20 with a guide surface adapted to maintain the barrel and the buffering cylinder in

proper alignment.

Preferably, the barrel and the buffering cylinder have substantially parallel
longitudinal axes. The piston of the recoil buffering means is preferably pivotally
25 secured to the support platform, and the buffering cylinder of the recoil buffering

means is preferably slidable along the cradle.

it is preferred that the cradie includes an aperture within which at least a part of the
buffering cylinder is slidably received, and that said aperture includes an inner

30 surface which acts to support the buffering cylinder.



| ongi tudi nal axes. The piston of the recoil buffering neans is preferably
pivotally 25 secured to the support platform and the buffering cylinder of
the recoil buffering neans is preferably slidable along the cradle. It is
preferred that the cradle includes an aperture within which at |east a part
of the buffering cylinder is slidably regeived, and that said aperture

i ncludes an inner 30 surface which acts tTo support the buffering cylinder.
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two of said dperfupe reteivig bnegpsctine shems sakl bmm%riﬁglégm{derﬁﬁﬁwm besappreaingsd
such that, in use, there is no direct connection between the support neans

and the bar rtbat ibis pogsibiede ghiovde andieythamiwe, of tsaid buieryig cylindete pisiens! and
breach assenbly are all supported by the support neans through the recoil
bufferi ng5 means. 10 According to another aspect of the invention there is

provi ded an ﬂ£¥95é39 m%@@%f@%@ég&%& sfEh %%t‘hirl fise, thefe % n nbhtﬁryéch]l%nﬁBHﬁéﬁ sing

a breech asse onne arr el r ee asse aving a

firing nmechaptweehahelduppdst meRing] &1 tHee batrBl ot @ Breaieassadblf The, e rel ,

the el evating apparatus conprising a support 15 nmeans adapted to support the

barrel and M@gghotetbgémneyaad@r@ac assemblygre at shpposed byrthe suppag raeans

| oweri ng th%barrel ' the el evating nmechani sm includes a piston and
i

wher ei
cyl i nder whi W%thgrrﬁﬁﬂkﬁghﬂgﬂ'&ﬁ’mi%l&rel ati ve novenent between the piston

and cyliqer causes the barrel to be raised or |owered. 20 Preferably the
pi ston and cylinder are secured to the support neans, and

According to another aspect of the invention 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
15 means adapted to support the barrel and breech assembly and an elevating
mechanism for raising and lowering the barre!l' 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.

20 Preferably the piston and cylinder are secured to the support means, and

preferably there are two of said pistons and cylinders.

The support means preferably includes a cradle adapted to support the barrel
directly or indirectly, and at least one support member secured at one end to the
25 cradle and at the other end to a support platform. The piston and cylinder may be
secured to the cradle so that they can provide support for the barrel and the breech

assembly.

A connecting member is desirably connected between the support platform and
30 each of said pistons and cylinders, and a cross-connecting member is desirably

connected between said pistons and/or between each of said cylinders.



preferably there are two of said pistons and cylinders. The support neans
preferably includes a cradle adapted to support the barrel directly or
indirectly, and at | east one support nenber secured at one end to the 25
cradle and at the other end to a support platform The piston and cylinder
may be secured to the cradle so that they, can provide support for the barrel
and the breech assenbly. A connecting nem i s desirably connected bet ween
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Cr oss- connechémpenigystamibliyhietrakedrath support nenber is substantially
tetrahedral. 5 According to another aspect of the invention there is

provi ded a traversing apparatus for an artillery gun conprising a breech
ssenbl havi n '

bl ted t h h fi ]
mechani 41 1 AT TNt 2PBIesCEsRest (T BisgiaRTOB R it IPVERD BalrPUrsNEhe

traversing W W t 0
support the%??ég yg% re'gié:wr@sns r'wﬁ %Esucﬁéig%n?rw\wcgﬂné&fgqggl%jréa{rreI
and breech ape®mbéoh ﬁﬁs’embtyal’ﬁﬁnngb&trlnqan'Ea@héﬂﬂSnﬁiwmﬁhg wbmi{;éanmnmugh@f to
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drive novenent of the support meahs dl ong the guide nmenber to cause said
traversi ng rnotimpart avineversimgt motidniteetheelsarselcamgp hireach asdembly, wheeduppuft a
drive cable w apped
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;
15 and drive means secured to the support means and adapted to drive movement
of the support means aiong 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
20 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
25 helical fashion. The drive cable may extend at least partly around the guide
member. It is desirable that tensioning means is provided to maintain the drive

cable in tension.

The support means may include at least one support member adapted to support
30 the barrel and the breech assembly. Preferably, the or each support member

includes a mechanism for adjusting the elevation of the barrel. Most preferably



around the drive nmeans or in connection therewth, the drive cable being
substantially fixed relative to the guide nenber so that rotation of the
drive wheel 20 causes the drive wheel and the support neans to be driven
along the guide nenber. The drive cable preferably sits in a recess
provided in the drive wheel. The recess 4i9n the drive wheel preferably
extends around the drive wheel in a substantially 25 helical fashion. The

drive cabl e tRBje 8 filsappdbeasdmparst | y around the guide menber- It is
desirable that tensioning neans is provided to maintain the drive cable in

tensi on. The support neans may include at |east one support nmenber adapted
to support 30 the barrel and the breech assenbly. Preferably, the or each
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t her eby gui di ng novenent of the support nmeans al ong the gui de nenber.
According to another aspect of the invention there is provided an el evating
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artillery gun, wherein at | east one of the support nenbers is extendible to
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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

15 tetrahedral arrangement.

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

extendible support member comprises a piston and cylinder arrangement.

20 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 invention there is provided an artillery gun
comprising a breech assembly connected to a barrel, the breech assembly having
25 afiring 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.

The muzzle brake is disposed adjacent the open end of the barrel. Preferably, the
30 muzzle brake comprises a plurality of apertures provided adjacent to the open end

of the barrel.



Preferably, two of the support nenbers are extendi ble. Preferably also, the
or each extendible support nenber conprises a piston and cyli nder
arrangenent. 20 The el evating apparatus according to this aspect of the
invention may also be provided with features of the el evating apparatus
descri bed above. According to another aspegt of the invention there is
provided an artillery gun conprising a breech assenbly connected to a
barrel, the Nﬁ@@éﬁbﬁﬁa‘%@ﬁ%fﬁh@%’éﬂ%uﬁ%ﬁn@ afpbéfaﬂGs tRé I&?é\)a%ﬁgfa%bafétﬁé %ﬂdalhe
prolectlle t hrough an open end of the barrel, wherein the barrel i|ncludes a
muzzl e br aketraversinghapgaratuspomay doet udes |pnbpeﬂrﬂllha1ry gyas can escape fromthe
barrel. The muzzl e brake is di sposed adjacent the open end of the barrel.
Preferably, the 30 nuzzle brake conprises a plurality of apertures provided

adj acent to oi |
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invention there is provided an arfillery gun 5 conprising a breech assenbly

](c:_on_nect ed toa arlbglrmebrrmlamlbmhﬁméemg aapsm;d:ill?thrrﬁwgggpn a;laém lelngg)f][themra]mrednmhdr
iring a projectile through an open end of the barrel, an urt her

conpri sing anfgsaicpnmmr& ﬁﬁ@cgbgaﬁ%ﬁ%a%@ar@&&% Héﬁcrﬂﬁﬂ@bo% ) 6\%{?%@

apparatus as, b d
above. 10 TrPEH oo RN fndtol S KRR IR APPRR R A8 0BRa BRI
pl atform or veh| cle nmounted. As used herein the expression "artillery gun”
means guns, cannons, howitzers, nortars and the |ike, which have a calibre
of at |ed8t Hwengrtiberyf gualaccoatiogetosthe irtvemtion BRI I f@BEERPRIICON OF VEHITle

DRAW NGS
mounted.

As used herein the expression “artillery gun” means guns, cannons, howitzers,

mortars and the like, which have a calibre of at least 40mm, preferably above 50

15 mm,

BRIEF DESCRIPTION OF THE DRAWINGS

20 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.
25
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.

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



20 The drawings illustrates the preferred enbodi nent of the invention
relating toits wuse in a nortar system Figure 1 is an isonetric view of
the nortar systemtogether with an enlarged view of the traversing
mechanism 25 Figure 2 is a side view of the nortar systemillustrated in
Figure 1. Figure 3is a plan view of the nortar systemillustrated in
Figure 1. 30 Figure 4 is a front view of 1t he nortar systemillustrated in
Figure 1. -11- Figure 5 is a side view of a nortar bonb |eaving the barrel
of a convenktigur@ab l%ﬁt@rwegmi a mpat bemb irpving:therifastal oba cenyentonsl siartasance

on the nortar ure_6 ust rat nortar, . bonb | eaving the barrel of
S rorcarguin fEREating e Erest s iraliiiudaRte Hinegmouet AEM esont

i nvention. Figure 7 shows an end view of the nuzzle brake according to the
present invention DETAILED DESCRI PTION OF THE 10 PREFERRED EMBCDI MENT OF
THE | NVENTI ERyuié @uitlestiates samortaeiveint leavingvthefbdriet ofarmartasyeh dittedagit di ng
to the preferred enbodinment of this invention. Figure 1 should be read with
Fi gures 2, /Buzale krakerficenrding i@ thexpeesenkinyedtionpl an and front views of the
nortar systemrespectively. 15 The nortar system consists of the recoiling
mass 10, el evating mass 20, traversing nmass 30 and track assenbly 50.

Recoi i ng &sf v "f“%é sy
barrel 12, gé%ﬁSFg sa‘?ﬁé’rﬁd 'gq’ recol Ir(étgé J@rmgéﬁ %ngck eﬂ?ﬁ?g
nmuzzl e brake 11 with a pepper-port design is Iocated at the front end of the

barrel. It could eit be integrated into the barrel 12 (nono-bl ock) or
det achabl e DETAILED DESCRIPTION OF THE

10 PREFERRED EMBODIMENT OF THE INVENTION

Figure 1 is an isometric view of the mortar system according to the preferred
embodiment of this invention. Figure 1 should be read with Figures 2, 3 and 4
which illustrate the side, plan and front views of the mortar system respectively.
15 The mortar system consists of the recoiling mass 10, elevating mass 20, traversing

mass 30 and track assembly 50.

Recoiling mass

20 The recoiling mass 10 consists of a muzzle brake 11, barrel 12, breech 15, yoke

13, recoil buffer cylinder 17 and lock 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

25 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 barrel 12 is supported by the yoke 13 and is secured by the lock-nut
yoke 14.

30 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 to the



25 for ease of production. The breech 15 with the firing nmechani sm (not
shown) ~and firing lever 16 are attached at the other end of the barrel to
formthe chanber for firing. The barrel_ 42 is supported by the yoke 13 and
is secured by the lock-nut yoke 14. 30 The two recoil buffer cylinders 17

are attache ot f e .10 t ock-nut recoil
buffer 18. gﬂénlpgr(% %/Rﬁﬁ:f %%%r(ﬂgi%ét gﬁ#‘%’ @@@“’@35%(&%&%9)0%8#‘? §u§qgesu_rfrf§_e qfrtﬂﬁni on
32 on the s L | i r f

ecor | buf forog e YRGS ) L OUAE 36 bkl 3D arfeielinat Nl
recoi | buff@gfindeys bRdesaFrel ane paasires! mjrmgﬂﬁéabb@ilinglﬂdéﬂcﬁm théw@é%bbm@%
notion, the 'whole recoiling mass 10 is sliding relative to the cradle 21 on
the outer smabackH (sAlidifg réletivetoite ctadlé &1 oythedeter suffaoed( Audfethesrecbiice
(B) of the recoil buffer_piston rods 23. The recoil buffer has a

hydr o- pneunttffer ayipgetse$T ghd quiet sufacehB)oeifthereanidi buffec pistaratddsg2Bunct i ons

are integrated. It is optimzed for the particular recoiling mass 10 for
firing the maxi mum charge of the particular bonb. It is designed to convert
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back to its origin position aftér the kinetic energy een conp ely
di schar ged rhgs$ H@ foefiingYhe intendchunn charge etthid partitliar beyhb.ndteis dekignddio

invention significantly sinplifies the cradle design and reduces the

recoil i ng choveg thg imaxisiveoree that isrgereratedalys theogasTpeesisuieeta kioatie iempray i es
the cradle design b sing.the recoil sliding surfac A) of the recojl

buf fer cyl iaﬂaégqs;e%é@ﬂm%ﬁw 43543 bpakipg 9%@@%&@55@% §16aw olgui des
for the whole recojli Sy hN1E n " ' I (o
short ened ?‘?qgtha‘gﬂgﬁl &%8ﬂ§§sﬂb%&t#ﬁ8%égﬂﬁ'ﬂér{hgﬁ qb?’”&%é%ﬁgé%@%kﬁﬁé out er
surface of ol $RitlondshdreihechihbtidBheidy has1RRA mplfel) Mischarged by the

energy stored in the recoil buffer cylinders 17.

The invention significantly simplifies the cradle design and reduces the rec:oilihg ‘
force by maximizing the recoil mass 10. The invention simplifies the cradle design
by using the recoil sliding surface (A) of the recoil buffer cylinder 17 and the piston
rods 23 that serve as supports and guides for the whole recoiling mass. The length
of the cradle 21 is very much shortened (it has only one support length) and it is
supported on the outer surface of the recoil buffer cylinder 17 instead of the two
supporting points on the barrel, so that the cradle does not experience any
recoiling force. The two recoil buffer cylinders 17 are mounted together with the

barrel 12.

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 recail buffer cylinders 17 through the yoke 13. The two recoil buffer cylinders
17 are paralle! with the barre! and récoil buffer piston rods 23 are pivoted to the

trunnion 32 on the saddle 31 directly. The invention reduces the recoil force by



supporting points on the barrel, so that the cradl e does not experience any
recoiling force. The two recoil buffer cylinders 17 are nounted together
with the barrel 12. During firing, the gas pressure generated in the barrel
12 that acts on the breech end will beygransfornmed to kinetic energy by
accelerating the recoiling mass. The braking force will be generated by the
two recoil buffer cylinders

recoil buffering action anﬂtr nsmtted tOthﬁ _
17 t hr ough?ttarhiRg e o rem b&&ﬁgfﬁ Bgers h(feesther with dae sarrelh 13 te maxiaizes|
ith the b I d il buff i stor 23 i voted.to the
Crunni on BegaceflBOshass and 7ol ibe e Wiieli UTinE AR Riteayingine setan

force by - 13- | : . | fLer | gder: 7 t@gether with the
barr ol 12 BHS ARk PRASIRIRRE 174 hEsoblle 3T HIRAL JARTRITS: e
cradl e by et ' ' I 71to
the sadd G2 reees (yfeciiEioane SEReR, 29 Py dhelorpBenal WY el G

saddl e 31 rageil fdnee.cridghae, e Wirldtionof trrudreie 21 ol aAly be REQIPpIrLEsE quldence,
the function of the cradle 21 will only be to support and guide tﬁe

recoi | i ng thasacdilng masstife asd the stuetbral strengthofthetdnadlercad|be sebrstbetially
substantially reduced. Mizzl e brake The nortar systemincorporates a muzzle
brake 11 &B€éca@the barrel of the arti |lery gun to reduce the recoiling force

and bl ast (overpressure at the gun crew area). It also increases the range
and i nproves the accuracy of the bonb. Figure 5 is a side view of a nortar

bonb 60 Iwzzn%qb}%& barrel 70 of a conventional nortar gun illustrating the
ef fect of turbance on the nortar bonb 60. There is nmuzzle

di st urbance because the propell ant gases escape through the opening of .the
barrel 70 as the bonb 60 | eaves the opening of the barrel 70. The tilting

of the boitheGotausgstebyincbepatatesua bazzke bsakgul t ento the barceirdf. thésartllergsul t
of
gun to reduce the recoiling force and blast (overpressure at the gun crew area).

It also increases the range and improves the accuracy of the bomb.

Figure 5 is a side view of a mortar bomb 60 leaving the barrel 70 of a conventional
mortar gun illustrating the effect of muzzle disturbance on the mortar bomb 60.
There is muzzle disturbance because the propellant gases escape through the
opening of the barrel 70 as the bomb 60 leaves the opening of the barrel 70. The
tiiting of the bomb 60 caused by the disturbance is quite significant. As a result of

the muzzle disturbance, the accuracy of the bomb is much reduced.

Figure 6 illustrates a mortar bomb 60 leaving the barrel 12 of a mortar gun fitted
with a muzzie brake 11 according to the present invention. The muzzle 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 inveﬁﬁon
allows significant amount of gases to escape through the portholes before the
bomb leaves the barrel muzzle. Therefore, the gas pressure at the muzzle

when the bomb 60 leaves the barrel 12 will be significantly reduced, thereby
reducing muzzle disturbance. Conseguently, the bomb 60 will reach steady-flight

very much earlier. which will increase the range and improve the accuracy of the

bomb 60.



the nuzzl e 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
with a muzzl e brake 11 according to the present invention. The nuzzle brake
11 includes a plurality of portholes to allow the gases to escape fromthe
barrel 12 through the portholes instead-t4- through the nouth of the barrel
12. The invention allows significant anbunt of gases to escape through the
port hol es befigs en\vém;orbgr% FRRANRS tsla@t rrﬁieswbﬁtheT@@heéMﬁaréé)%mse
pressure at the nuzzle when the bonb 60 ['eaves the barrel 12 wil

si gni fi cant Irgleasduaidhe higreprisgure gakes magp lnemzsprealdsmuﬁrlaalmger p‘ene@qhbmel Y,
the bonb 60 will reach steady very much earlier I;fvm || ipcrease
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further redugiisetilee ties eeddiNDré®rarikBes s eomertitmalionf Jystdh vatHdug itgacy .
The change in direction of the high-pressure gas flow that acts on the

muzzl e brakenwuzze lmiakeé. reduce the recoil force, unlike in the conventional
nortar systemw thout the nuzzle brake. Elevating mass 10 The el evating
mass 20 consists of the cradle 21 and the whole of the recoiling mass 10.

The cradl e Zélek’at'ﬁgﬁj'%ed to support and guide the whole recoiling mass 10

on the out of the two recoil buffer cylinders 17. The cradle 21
I's connected 15 by the cradle connecting tube 22 and pivoted at the
trunnion 32 on the saddle 31. The bottomof the cradle 21 is connected to

t he el evi i nthe glevadingsmagst2d) camsiststaf thelasadiei 2haod thaevhelelaf the seeniling

20.
mass 20 mass 10.

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
15 by the cradle connecting tube 22 and pivoted at the trunnion 32 on the saddle 31.
The bottom of the cradle 21 is connected to the elevating cylinders 40 to vary the

elevation of the whole elevating mass 20.

Elevating mechanism
20

Figures 1 to 4 also illustrate the design of the elevating and traversing mechanism.
The cradle 21 of the mortar system is mounted on two elevating cylinders 40. Two
saddle connecting tubes 33 and a cross-connecting tube 36 form a base triangle.
The cradle connecting tubes 22, saddle connecting tubes 33 and elevating
25 cylinders 40 form two side triangles. The elevating cylinders 40 are sited on the left
front support 34 and right front support 35 and both are connected to the cradie 21
for 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

30 to be linked for synchronous movement.



El evating mechanism 20 Figures 1 to 4 also illustrate the design of the

el evating and traversing nechanism The cradle 21 of the nortar systemis
nounted on two el evating cylinders 40. Two saddle connecting tubes 33 and a
cross-connecting tube 36 forma base trT%ngI e. The cradl e connecting tubes
22, saddl e connecting tubes 33 and el evating 25 cylinders 40 formtwo side
tri angl es.ThEheve!| elwadting cphidensiet(s aAd the ecrass-ednoectihg tlieé 136 forent fsomtpor t
34 and right front support 35 and both are connected to the cradle 21 for
varyi ng t tgardlevdhedounifianpleswhettionet doans adetrabedan. shepe. elhiy it thagnost
mechani sm of the two el evating cylinders 40 coul d be hydraulic or

: . y C C
mechani calstalde 3Py Singgoie, base migiar el thes mechanisiahasybren signifigantly t he
two el evating cylinders 40 hav 30 to be linked, for synchronous novenent.
08 CThe iU3Ca o i Ceg e S0 RITRISE ASYEhSAting SRR HLP AR 088 P or m a
front tri r Gl i e.
[ront, J©7 RRUBh e MR HEhnobESHTRALPIEANLT SRRy LRt BB SR ANRRC, |
been si Nirfdssaidigh id ARAaRfslly rEalsedCTRRtinVeHMicR uRld AdIRES Ihe AunflpdrNg
nonent that acts on the structural menbers. Hence, the structural strength
and wei ghindding feintel sfuaé iwthie @@@tid?%@tﬁharﬁsﬁy@@d afso amwiﬁegdweésifgﬁhe _
i nvention thus reduces the nunber o noving joints of the whole elevating
mechani sm and al so sinplifies the design. Traversing nmass The traversing
mass 30 consists of a saddle 31, two connecting tubes 33, left front
support 3MAVETSAE Masst support 35 with traversing gear housing 37, cross
connecting tube 36, two elevating cylinders 40 and the whole of the
el evating nmass 20. The saddle 31 is sited in the centre of the track

assenbl y j t i 80 nt
SSserl 3 28l e U] gl  SEle 9T RNGCIA 1885 S5 o
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.

The saddle 31 is sited in the centre of the track assembly 50 and is rotatable. The
left front support 34 and right front support 35 haveradial“T” slots. Both front.
supports 34,35 ride on the track of the track assembly 50 which is concentric with
the centre and allows both front supports 34,35 to slide on it. The saddle 31 and
front supports 34,35 are all connected by two saddle connecting tubes 33 and

cross connecting tube 36 to form a triangular base.

The elevating cylinder 40 is sited on the left front support 34 and right front support
35 and both front supports 34,35 are connected to the cradle 21 to vary the

elevation of the whole elevating mass 20.

Traversing mechanism

The traversing mechanism consists of a three base connecting tubes 33,36

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



supports 34,35 ride on the track of the track assenbly 50 which is :
concentric with the centre and allows 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 connectinggtube 36 to forma triangular base.
The elevating cylinder 40 is sited on the left front support 34 and right

(ron SUPPoLL %300, oL Ll SRS By . 0 S0o0ReShi b e 700! o
rechan ST AR LANE TR0 RN HBACOS S el 1018 haeaAaNE LD uves

33,36 connecting ront " Sl _ _
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50 and is rotatabl é around a vertical axis. The left front suppor and

the right foentre andpliows B IbAveont sdpport 3% andsthetright Tioey suppért 86 t kade orck of
the track assenbly 50 which is concentric with the centre and allows the
|l eft front itsugper saddieadd arte: frongsuppodat34 8o@Sr ere8sonoesisddby dwo saddiEhe
saddl e 31 and front supports 34 & 35 are connected by two saddl e connecting

tubes 33 aRENBEEHRG Whesels 2RRCIARSLOBNeElNg Bibe 36 {9 fofyaltdangigebasee The
assenbly allows.the traversing nass 30 rotate alongq the track assenply
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cabl e 39. Easrspteobrsaabi ®edructsies on the plain cylindrical surface of the
track assenbly 50 with one end fixed. It waps around the pinion 38 while
the other end is tensioned by a spring (not shown). The steel cable 39 sits

in the sem -circular spiral groove on the pinion 38, The pinion 38 holds its
positi on fhe dnyention diffess dipme dhe Fopyephienalas #nd iPinipRassthecgeeataashds. The

sem circul r%?:lascoeid \E%/lith a steel cable 39. The steel cable 39 rests on the piain 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 steel cable 39 and

the pinion 38. |t also improves 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 block. It houses the bearings, which support the pinion 38. The pinion’s
driving mechanism could be a worm and worm gear, which is a very common

design , and can be manual or power driven.

The traversing movement is generated when the pinion 38 is rotated in similar
fashion to a gear’s arc and pinion action. The rotating action of the pinion 38 winds
the steel cable 39 from one side as well as concurrehtly unwinding it on the
opposite side. Therefore, a differential tension in the steel cable 39 will be

generated and will subsequently move the traversing mass 30.



groove on the pinion increases the contact surface between the 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 block. It houses the

beari ngs, which support the pinion 38. TR&-pinion's driving nmechani smcould
be a worm and worm gear, which is a very conmmon design , and can be nmanual
or power drilelike fReegéarateettsintg comventionkl bs athpintdredesigantHeniavehtiordod8 i s
rotated in simlar fashion to a gears arc and pinion action. The rotating
action of tHtpiaNea reltikpriaevemast i betwesabihe Seek ¢aie Gireard diae piniow|38. as
concurrent | y_unw ndi it on the opposite side. Therefore, a differeptial
tension int er‘é"{cgg, n%éﬁl'%zg@ W?Hla n @@ﬁté?vﬁrﬁlagdﬁﬁcwm?msJBS% Wt 19Hstove
the traversidig gicfaptied iniife stdl Lhtfle bR@ (6 BIid PRI BBCORNARILAAR). FhE and
pi ni on design, the invention does not have a relative novenent i1 n between

t he steel5 cabbventién alsd ¢liminptes the (B8blenT bénwlfanetionihgiire ekerw ent@arhtuass i n
the traversing nechanism In addition, dust and dirt trapped in the_steel
cabl e and t heaysesi bnheithermajiexaapgien of the mateital snitei qopventiena areeBdPi@N al so

elimnates the.proble f malfunctioning i.n extrene te ratures , caused by
the t hor mal SdnsPoReYSechalndes I sk o bRl SAEFCd Y Eanafis 3t
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tenperature wil'l be automatically conpensated by the tension in the steel
cabl e spri ngprimptncd sbow)). Therefbrm, &, bedontecamesvimonmeentally foipradf system.

full-proof system 10 The invention is also very nuch sinplified, lighter
in wei ghioand significantly allows Ilarger tolerance in the production of

the componentge i laGsbAYERLb OB RRER SRAEIHRE, et f HUBRERRG Blghifcantig dlight ons.

nmodi fications an
larger tolerance in the production of the components.

The invention described herein is susceptible to variations, modifications and/or
15 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. Aithough 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.
20



15 additions other than those specifically described and it is to be
understood that the invention includes all such variations, nodifications
and/or additions which fall wthin the spirit and scope of the above
description. Although the preferred enbodinent of the invention nentioned
above relates to a nortar firing system ;ghe invention may also be suitable
for other types of artillery systens. 20 18- Cains: 1. A nortar gun
conprising a breech assenbly (15) connected to a barrel (12), the breech
assenbly ( ?)_ having a firing mechanismfor firing a projectile through an
open end o - pbarrel (12), wherein the barrel (12) includes a nmuzzle
brake (11), disposed adjacent the open end of the barrel (12), through which
projectile propellant gas can escape fromthe barrel (12). 2. A nortar gun
accordi ng tlo clAnmorthr gmh%mpmlh@ebmmhgembWSIMeaemabasela plurality
of apertur es provi ded in . 3. A.nortar .gun aqcor ding to any
one of cl ailhd)athgbregch pgse ag@)hﬁ)‘fl?‘%? ing meghgpism HRg 2 REpIesMar at us, an

el evating ﬁﬁgﬁ‘é}?ﬁryoﬁ)en%ﬂg (P'Eheaba}xre?(’l% %ﬁ@elﬂm:ﬁ{e%n) includes a muzzle
brake (11), disposed adjacent the open end of the barrel (12), through which projectile

propellant gas can escape from the barrel (12).

2. A mortar gun according to claim 1, wherein the muzzle break (11) comprises a

plurality of apertures provided in the barrel (12).

3. A mortar gun according to any one of claim 1 or 2, further comprising a recoil

buffering apparatus, an elevating apparatus, and/or a traversing apparatus.



