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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 inf@ntry 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 least 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 ' S ly and a
base-pl ate. The breecammﬁ%x Eﬁ@:ﬂ?? e se- plate
sitting T(_})n the ground. The bi pod assenbly is used for supporting the barrel
and for fine adjustnent of its elevation and travel. The gas pressure
acting on tIiHERD OFANMENTION he reaction force generated during firing,

whi ch are subsequently transmtted onto the structure (base-plate) is very
high. It could be as high as 150, 000kPa, but it is not a problemfor a

solid structyre. e: Sihl he+BE QY tethlahdas a
nat ur al damﬁ\’? '%%gﬁe@%?@gﬁﬁﬁwﬁﬁ‘é’bp g @gpm r!mu tedg(adivr% _
particul ar WwhpBrticuldrio Eplaieeh efvelickeahbohtel] monat systemeand impErgrements in
currently use the traditional nortar systemand -2 focus on designing the

struct urd t selatiphdheredot he firing force. This will result in

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



heavy structural reinforcenment/nodification of the nounting platform
(vehicle). The danping adapter has been devel oped by sone 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 withstahd it. The suspension system al so
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critical conpared to the weight of the individual sub-assenbly. Hence,
some syst emsuspergioasystenhalse requiesyeindoreamemt if the piartformcf'h%lmcl@slﬂst designgst b
the high recoil force, but this mechanismmay not be efficient as the
recoi | i ng mi@dirg &tibo | ow to absorb the firing energy effectively and

subsequently convert it to the recoil braking force. 25 Cradl e design of
conventional gun systens "O'-cradle designs, "U'-cradl e designs and a

combi natj@n THe fdﬂbh/ir? Prdtﬂ@nkh’fa@e be@rs boeeOming when stbsng tise defigencies,
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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. Thué 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
j compared to the weight of the individual sub-assembly. Hence, some system
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.

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.



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
sinplest in construction and the nost commonl y-used design. The big and
long cylindrical sliding surface on 5 thegbarrel carries an excessive
anmount of weight. On the other hand, there are m ni num nunber of parts
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barrel can be optimized to achieve the design strength (gas pressure distance

profile). Hence, there will be significant weight reduction on the barrel. The recoil
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. Its 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 cradie 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.

Mugzzle brake
30

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



To-date, the nuzzle brake has not been adopted onto any nortar system The
-4 traditional nmortar systemis designed to be man-packed. Its weight is
very critical. Therefore, the nuzzle brake has never been considered for
the nortar system The bonmb nuzzle velocity is very nuch slower than the
gas flow when it |leaves the 5 barrel. The bonb will be unstabl e because of

gas turbylence at the muzzle. Trying to re-stabilize the flight path of the
bonb durlng
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costly conponents. Al'ternatively, conplex anti-backlash mechanisns are

nor mal | y emitsdyreatic @nergy @ndeatdugagy.obl em Anot her 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

mal unct | on SR ha0IR e e O e S er “or ol onged usage. The
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pinion gear design, the single actuator at the centre, or two actuators instalied 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 (ciearances)
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 wili complicate the control

30 system for a closed-loop power drive system.



between the linear actuator and the rotating action. This will conplicate
the control 30 systemfor a closed-loop power drive system -5 The

i nvention herein seeks to overcone nost of the disadvantages in the prior
art nentioned above. 5 SUMMARY COF THE | NVENTI ON An obj ective of the
invention is to reduce the recoil force tdat acts on the structure of the
artillery firing platformby up to 80% have found that providing a

tetrahedron_shape for .the arr ene
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shape all O‘Aﬁhetﬁﬁ%neﬁaéﬂo%le to nove in one plane or in one direction.
Therefore e 1 nproved system can be nounted on a nuch | ower class of

platformor vehicle (eg. froma 30-tonne vehicle to a 1 0O-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

desi gn al.so.i |nproves the accuracy of the bonb.
Further,san %NEH?* hileii i fy the design and increasing the
efficiency of the cradle and traver3|ng mechanismfor the artillery firing
system W have found that, if the recoil cylinder is anchorig dlreggjy to
the saddl e, Antabjectivé! of the inientionds to igetee thmmqfrﬁ%f%éhet acts onclpe
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cable is us ears so that there is zero backl ash. 25 Anot her
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the blast (overpressure) at the gun crew.ar
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vehicle to a 10-tonne vehicle). This is achieved by optimizing the system design

and incorporating the recoil buffer, muzzle 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 artiliery 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



projectile through an open end of the barrel, the recoil buffering
apparatus -6 | conprising a recoil buffering neans adapted to be fixed to
the barrel and novable therewith during recoil action of the barrel caused
by firing of the projectile, and a support neans associated with the
recoil buffering neans for supporting thegrecoil buffering neans and

t hereby supporting the barrel and breech assenbly through 5 the recoi

buffering neans.. Pre I . 0 | , fehe
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support meamnsereWith HifhgdreesiPadidn ofthatardncaased by diriagdf the phajectiiepand a
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preferred cenppodméans assosiated with thereasilibviferinameans foppyppaiting the ferally t o
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buffering cylin el ngTarranged so that sliding novenent therebetween
provi des the buffering action. It is desirable that one end of the
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slidably received, and that said aperture includes an inner
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

i 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.




30 surface which acts to support the buffering cylinder. _7 1In a preferred
enbodi nent, the recoil buffering nmeans conprises two of said buffering
cylinders and pistons, and the cradle includes two of said apertures, each
aperture receiving a respective one of said buffering cylinders. It wll be
appreciated that it is possible to provide nore than two of said buffering
cylinders pistons. 5 The support neans is arranged such that, in use, there
is no direc 0 ' iwRah PEY; d ri ige
breech asse%lgyﬁ@}ﬁﬁgia%rﬂgsa'v\el gh%ﬁ{%legﬁg‘?ﬁﬂ?rﬁﬁ b?%@gf{ggig@hbﬂs%re
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Accordi ng to another aspect of the invention there |is prﬁviﬂgd an el.evating
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apparatug conprising a support 15 means adapted to support the barrel and
breech assenbly and an el evating mechanismfor raising and | owering the

barrel ' wheTbemrsugpereimeansi isgrrangednsunh thahcinudes theis istimn digaet egnnedien
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are two of sa prstons a ers. support neans preferably

i ncl udes a tHradpp thé aedaiichuffermigomenhst he barrel directly or indirectly,
and at | east one support nenber secured at one end to the 25 cradle and at
the othdP end to a support platform The piston and cylinder may be
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t he breech
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 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.

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.




A connecting nenber is desirably connected between the support platform and
30 each of said pistons and cylinders, and a cross-connecting nenber is
desirably connected between said pistons and/or between each of said
cylinders. -8 In the preferred enbodi nent, the arrangenent of the pistons
and cylinders, the connecting nenbers, tdie cross-connecting nenber and the
or each support nenber is substantially tetrahedral. 5 According to
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support the barrel and breech assembly so that the support means follows the

guide member during said traversing motion of the barrel and breech assembily;

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



menber. It is desirable that tensioning neans is provided to naintain the
drive cable in tension. The support neans nmay include at | east one support
menber adapted to support 30 the barrel and the breech assenbly.
Preferably, the or each support nenber includes a mechani smfor adjusting
the el evation of the barrel. Mst preferghly -9 there are two support
menbers. In a preferred enbodi nent, the guide nenber is provided with a

T- shaped regess, nd t ans is provided with a formation
adapted to &?@3&&9%85}"§§8§§R&®5fgh§;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 elevating apparatus for an artillery_gun of the type
conpri sing b dpeafetred soabadiyest the guise member isarevided wih §T-thapesdeesds.y
having a firing mechanismfor. firi a.prqjectile I d of
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arranged’to supp¥) ¢ arti ?ery gun, erein at |east one of the support

menbers is extendible to vary the elevation of the artillery gun, and
wherein the base nenbers and the supﬁgr_t menbers are di

d i .
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the barrel, rﬂg?ﬁﬁflisrhrré PR dUpboitthé dReRNAgIN Adherel aldeastureugithersupiport
projectile propellant gas can ) )
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 artiliery gun
comprising a breech assembly connected to a barrel, the breech assembly having
25 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.

The muzzie 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.




escape fromthe barrel. The nuzzle brake is disposed adjacent the open end
of the barrel. Preferably, the 30 nuzzle brake conprises a plurality of
apertures provided adjacent to the open end of the barrel. -10 Any

conmbi nation of the recoil buffering apparatus, the el evating apparatus and
the traversing apparatus may be used inqghe artillery gun. According to
anot her aspect of the invention there is provided an artillery gun

5
having a 11 AN GOREUTAIRrSah s SR tilshilo spafratft. e eitvBRnd ppefnas sfT the
the barrel, yraidsirg'apparat syt Lﬁ‘ﬂecﬁmrtﬁé@rhlléwfghﬂrl ng apparatus as

descri bed above, an el evating™ apparatus as descri bed above, and/or a
traversi ng apparatus as descri bed above. 10 The artillery gun according to

h f bl | at f d
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system Figure Is an isonetric view of the nortar ag%é Eﬂoget Rl ﬁnth an
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th t t I I trat F th
mortar syst atprrer HeaHoR s BIoR agravelcifg fedihds B Beferibedubele. 1°
nortar systemillustrated in Figure 1. -11

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

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 D RIPTION OF THE DRAWING

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.




Figure 5 is a side view of a nortar bonb | eaving the barrel of a
conventional nortar gun illustrating the effect of muzzle di sturbance on
the nortar bonb. Figure 6 illustrates a nortar bonb | eaving the barrel of a
nortar gun fitted with a 5 nuzzle brake according to the present

invention. Figure 7 shows an end view of_qi4he nuzzl e brake according to the
present invention DETAILED DESCRI PTION OF THE 10 PREFERRED EMBCODI MENT OF

THE | NVENTI ' | S; i i ' : '
o the pref B9 316 Rt Tl BRRE bi¥ G 1N RO HogEhAsRATAgtal 0
wi th Fi gur eguR.illdstRiinglhe Wiieet of usler diskrivdrecesonithe mlomar dioehld.r ont vi ews of

the nortar systemrespectively. 15 The nortar system consists of the
recoiling mass 10, elevating mass 20, traversing mass 30 and track

b ako 11, _bEiep & YSfBRcA mtan ot ey e Fainel st eCPeR bRpdineR iR ©
| ock : . 1 W desi is | d h
front ond of "R DAY Aordho e B e, e aled into tho barrel 12

(rmono- bl ock) or detachable 25 for ease of production. The breech 15 with
the firing nechani sm (not shown) and firing, |ever cﬂ.G r%?attac ed at.the
ot her end ofiguse 7ishavwes an end yiew eibe MugaiR Prakgaccef W@.t rRIeBEtIRyerion; o
supported by the yoke 13 and is secured by the | ock-nut vyoke 14. 30 The
two recoil buffer cylinders 17 are attached to the yoke 13 and fastened to
It by. thepDpPRAl DESCRIPTION ©F THE The recoil buffer piston rods 23 are
pivoted to the -12 trunnion 32 on the saddle 31. The guiding surface (C) on
t he out d0 sPREFERRED EMBOBMIENTHOF BHEJNVMENEBQN 17 wi || guide the barrel
10 and ensure that the recoil buffer cylinders.and barrel are parallel.
During the recoiling notion, the whole recoiling

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

j 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




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 a4lydro-pneumatic type design, in
that the buffer and recuperating functions are integrated. It is optim zed

for the particul recoi| | : | i t he
parti cul artr%@i‘r'ﬁr‘ai% of %gé%ﬁggats@e olé\j” r%drﬁnde%ggdr?p% ﬁ%@?ﬁg??ﬁygﬁ%
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design by using the recoil sliding surface (A of the recoil buffer
cylinder 17 and the piston rods 23 that serve as supports and gui des for

the whol e '{ﬁ%oﬂﬁg;igﬂgbﬁﬁéshag he hk&ﬁﬂéﬁburﬂbtié hgyper agsign2in ithav ¢ng baifer and
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buf f er cy||LAARS o e BEdIi sirbkey The Adoiiltigorriase 1wl be pushed kagk ks s
17 are paralFel with the barrel and recoil buffer i?to[&. r.odﬁ 23q‘3‘é§the
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The invention significantly simplifies the cradle design and reduces the recoiling
force by maximizing the recoil mass 10. The invention simplifies the cradle design
by using the recoil sliding surface (A) of the recoil buffer cyiinder 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, s0 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 recoil buffer cylinders 17 through the yoke 13. The two recoil buffer cyl?nders
17 are parallel with the barrel and recoil buffer piston_rbds 23 are pivoted to the

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




the recoiling mass and reduci ng the wei ght 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
will 'not suffer fromany recoil forceiakbnce, the function of the cradle

t

21 wll only be to support and guide e recoiling.mss 10, and the
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70 of a d6 -ustrating the effect of nuzzle

di st ur baneeo folcgs HeLid 100fE s¥dle Thene the aracldl 21 dilbtor aufferdrarecanyse  he
propel | ant" "gases escape through the opening of the barrel 70 as the bonb
60 | eavesekbiefcrpeni Hened, thééurintion of theocratiiee2 1 will pniydeoto suppoporrd guid€aused
by the disturbance is quite significant, As a yesult of the zl

di st ur barthe retdibngoassady a5f the strugRE isyeﬁﬂgho‘{tgﬁﬁ%ﬂe BN %‘T%Sztﬁpﬁ?fyt rates
a nortar bonb 60 leaving the barrel 12 of a nortar gun fitted with a
nuzzl e brrgdeced. according to the present invention. The muzzle brake 11
includes a plurality of portholes to allow the gases to escape fromthe
barrel 12 through the portholes instead of through the nouth of the barrel
12. The gﬂ%gﬂégﬂg%%alloms significant anmount of gases to escape through the
porthol e or e e bonb | eaves the barrel nuzzle. Therefore, the gas
pressure at the nuzzle when the bonb 60 | eaves the barrel 12 will be

ignifi tl d d, th b duci ' tly,
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It also increases the range and improves the accuracy of the bomb.

Figure 5 is a side view of a mortar bomb €0 leaving the barre} 70 of a conventional
mortar gun illustrating the effect of muzzle disturbance on the mortar bomb 6€0.
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
titing 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 muzzle brake 11 according to the present invention. The muzzle brake 11
includes a plurality of portholes to allow the gases to escape from the barrgl 12
through the portholes instead of through the mouth of the barre! 12. The invention
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 bormb 60 leaves the barrel 12 will be significantly reduced, thereby

reducing muzzie 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 invention al so reduces bl ast (overpressure at the gun crew area) as the
rel ease of the high-pressure gases has been spread over a |onger period of
time. It further reduces the recoiling force because of the nuzzle brake
efficiency. The change in direction of the high-pressure gas flow that
acts on the nmuzzle brake 11 5 will reducqqthe recoil force, unlike in the
conventional nortar systemwthout the nuzzle brake. Elevating nass 10 The
el evati ng : [ t t ahkl nNg
s 10, Tha 5 EHEEIET 88 4o e N R e el o
mass 10 on tdleaseof the kighimessule ghased has beenapoead buér alongeripetdiedsflime.The
cradle 21 is connected 15 by the cradle connectijng tg@g Zagﬁgf pivot at
the trunni off fantherredyees thrifecoding fongebegsussnidhe Migzls Bt ICEECY onREct ed

to the elevating cvlinders v t he | ting
mss 0. & B0aoRiY HESEn o iRe b finbelitionchop B dRefon tiembaoieibuske 4 |
of the elsevgili petRiRttHe [@¢I J6rke, TRREAIN hé conVeatienaldhertad sydtetrhwithout the
systemis nounted on two elevating cylinders 40. Two saddle connecting

t ubes 33 anthuzzie bsakeconnecting tube 36 forma base triangle. The cradle
connecting tubes 22, saddl e connecting tubes 33 and el evating 25 cylinders
40 formtwo side triangles. The elevating cylinders 40 are sited on the
left front E@ﬁfgfmgégand right front support 35 and both are connected to
the cradl e varying the el evation of the whole el evating nass 20.
The el evating mechanism of the two elevating cylinders 40 could be

hydraul i ¢ or_nmechanical screw types. , However, .regardles f _gl.ther e of
dos1 g, Tne ThRoSkENAURS MBS 4hiRBIs b iimetadisg T g ing yagkof e Tecolig® ©
synchr onouang)svserlw&nt. _15

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 cradle 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.




The two el evating cylinders 40 and the cross-connecting tube 36 forma
front triangle. The four triangles nmentioned fornms a tetrahedron shape..
This.i's the nost stable geonetry since the base wi dth of the nechani sm has
been significantly increased. This gedretry also elim nates any bendi ng
nmonment that acts on the structural nenbers.- Hence, the structural strength

and wei 9%&5 fgg%ﬁ \Sga{:wmrerm%sa $hdrbss-eBhpbANG Aibey 36efbnses frorte

i nventio nunber o noving jolnts of the whole el evating
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mass 30 consists.of a sad , two connecting tubes 33, left front

support §€ablé'%ﬁméfm%ﬁn@mbas@mmwf theamnechianismy dws I:r&ﬂrssrgglf@antlyr 0ss
connecti ng two el evati n? cylinders 40 and the whole of th
el evat i ningresse@0 Thithgesmétyealsa ef @nryatefé@rrvrb@rrfana dnemenbihat acts Paélae

uppor t sBustivat merabersy Henen.hesgeftyreb sfiehai Bt vaeft 8Ethd §8VaEAGRC
track of the rack as‘;‘?ﬁ;{?@%@o@gﬂ %Jj*l S, qﬂpgﬁr}%ﬁ r%\é\g@geg%ﬁgm}j@ gind

al | ows bBIEYSt sI'i'de O die 31 and front
supports_3d; | Y rheEh SR gnd aleesitripiifes thedesignand
MR rqujng tucgf thgg\ﬂitlﬂoi'@%kﬁﬁtrﬁ pi

Cross connec forma triangul ar base. The el evating 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

el evat i ohrayersing st e el evati ng mass 20. Traversi ng mechani sm The
traversi ng nechani sm consi sts of a three base connecting tubes 33, 36
connecting the left front support 34, right front support 35 and the saddle

31. The s ' | dtingtisbes 38nteftyfrdd® and
is'rot at-g%‘?gggg ﬁgtag\iar '%%tgﬁfé%?ﬁ?%?ﬂ?%ﬂ? sgoéport 34‘mgngrthe

right frgiyp o?tJMQ* ghtfﬁ%nlﬂéuﬂadirﬁeﬁ alith travessinggear ineysin GrOSSRONNESHRIof t he

track asserrb 50 Which is concentric wit
tube 36y two elevating cylinders 40 and the whorc]-:' 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.

Tr‘agerg'ing mechanism

The traversrng mechamsm consists of a three base connecting tubes 33,36

connectmg the Ieﬂ front support 34, right front support 35 and the saddle 31. 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 saddl e connecting tubes 33 and cross-connecting tube 36 to forma
triangul ar base. The assenbly allows t4qge traversing mass 30 to rotate
along the track assenbly 50. There is a pinion 38 engaging the structure

to the track assenbly 50 to perm l.at er t ) ¥ The
i nvent i onsaddlieed bistsi@e in e é%ﬂ%ﬁh@r} Ca%eéélﬁvgoflggﬁfsa;s& %‘%ggﬂ%th is
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wor m gear . which is. a vegy. TOh 66 Stire t@Moe trrTkbasseanlyl Shio pemit
driven. THBef¢ é"?/@rg'inﬂod.' ?rgveewgh generated when the pinion 38 is rotated

in simla ' d 8f fMedRAJBu. C and pinion action. The rotating action
of the pi [ﬁt%ﬁ]aqlz@v%%nds the steel cable 39 fromone side as well 'as

concurrently unwinding it on the opposite side. Therefore, a differential

tension in the steel cable 39 will be .. er ; 1dd tHelBegawsathliy nove
t he traveﬂ'bengvﬁﬁ%@n3@?951fm®ﬁWP@WVﬁQt'§§§ré@et WOQA convegtional arc and
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the steelr ¥ epi ni-on 38 e
surface of the track assembly 50 with one end fixed. 1t wraps around the pinion

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 hoids its position

fimly as it is squeezed by the tension in the steet cable 38. The semicircular spiral

groove on the pinion increases the contact surface between the steel cable 39 and

the pinion 38. It also improves the gripping power and prevents deformation of the

steel cable.

t support 35 as an
n 38. The pinion’s

| | The traversing gear housing 37 is attached to the right fron

integrated block. It houses the bearings, whiqh support the pinio

L on
driving mechanism could be a worm and worm gear, which is a very comm

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 acti_on of the pinion 38 winds

unwinding it on the

| cable 39 will be

the steel cable 38 from one side as well as concurrently

oppoSite side. Therefore, a differential tension in the stee

generated and will subsequently move the traversing mass 30.




Therefore, there is zero backlash in the traversing nechanism |n addition,
dust and dirt trapped in the steel cable and the pinion wll not affect
its functionality. The 5 invention also elimnates the probl em of

mal functioning in extrene tenperatures caused by the thermal expansion of
the material in the conventional arc andqpinion design as whatever changes
in the size of material caused by a change in tenperature wll be
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firing rrechan INng a proj ctlle t ug an open end of the barrel

(12), the bﬁngt(nogslmma)r afhesefovepit becomgea anugapannmerdaly fullaproetisystem.
support the barrel (12) and breech assenbly (15), and an el evating
mechani S for raising and lowering the barrel (12), wherein the el evating

mechani sm | %ﬂf@ntﬁ} E%ﬁﬁ%@@%&%ﬂ élﬂ'gfﬁﬁed (3fler i WeipandtdigRnesthySieihet hat

relative rmv We&h e’'prs
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. 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.
20




cylinder (40) causes the barrel (12) to be raised or |owered. 2. Apparatus
according to claim1l , wherein the piston and cylinder are secured to the
support neans. 3. Apparatus according to claim1l or 2, wherein the support
means includes a cradle (21) adapted tg1%;pport the barrel (12) directly
or indirectly, and at |east one support nber (22) secured at. one end to

the cradl e ¢RAMgnd at the other end to a support platform and wherein
the piston and cylinder (40) are secured to the cradle (21) so that they
can provide support for the barrel (12) and the breech assenbly (15) 4.
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secured to the support means.

3. Apparatus according to claim 1 or 2, wherein the support means includes
a cradle (21) adapted to support the barret (12) directly or indirectly, and at least
one support member (22) secured at one end to the cradle (21) and at the other
" end to a support platform, and wherein the piston and cylinder (40) are secured to

the cradle (21) so that they can provide support for the barrel (12) and the breech
assembly (15)

4. Apparatus according toclaim1 , 2 or 3, wherein there are two of said

pistons and cylinders (40).

5. Apparatus according to claim 3.and 4 , wherein a connecting member (33)
is connected between the support platform (31) and each of said pistons and
cylinders (40), and a cross-connecting member (36) is connected between said

* pistons and/or between each of said cylinders (40).

6. Apparatus according to claim 5., wherein the arrangement of the pistons

and cylinders (40), the connecting members (33) the cross-connecting member

(36) and the or each support member (22) is substantially tetrahedral.
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extendible to vary the elevation of the artillery gun, and wherein the base members

(33,36) and the support members (22,40) are disposed in a substantially

tetrahedral arrangement.

8.  An elevating apparatus according to claim 7, wherein two of the support

members (40) are extendible.

9.  An elevating apparatus according to claim 7 or 8, wherein the or each

extendible support member comprises & piston and cylinder arrangement.

10.  An artillery gun comprising a breech assembly (15) connected to a barrel
(12), the breech assembly (15) having a fiing mechanism for firing a projectile

through an open end of the barrel (12), and further comprising a recoil buffering

apparatus , an elevating apparatus accérding

to any one of claims 1 to 6 or claims 7 to 9, and/or a traversing apparatus

11.  An artillery gun according to any one of the preceding claims, wherein the

. artillery gun is platform or vehicle mounted.

12.  An artillery gun according to any one of the preceding claims, wherein the

artillery gun is a mortar gun.

13.  An artillery gun according to claim 10, wherein the artillery gun is a mortar

gun, and wherein the barrel (12) includes a muzzie brake (11) through which

projectile propellant gas can escape from the barrel (12).






