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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 infantry and conmando 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 consists of a e L .mww and a
base-pl ate. The breecgﬂy: w\éeﬂ’ﬁs@gﬁ ' l ase- plate
sitting r(g,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 t FMERD OF ¢NVENTION 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. such _as e- t SLt : as a
nat urar . danpiye nygnipRTeRigiata letlof] dlshiaeiodtel Ml fifg 3y steid ohd
particul ar whgarticlldrio APAEGEh 6fveticlshb@iied morst sysyarheand imprgvaments in
currently use the traditional nortar system and -2

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
i 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 subsegquently
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‘t-he 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 forcg to about 40% However, even with

a 60% reduction (60,000kPa) of the firing“ force, it is still very large
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20 platformnounted (vehicCle-Tounted), the recoil forces beconme nore
critical caeuppessiohsystem alsdgéquitss remforicadient Hike platioradvelnieleyis designed
sonme system integrators have incorporated the recoil nechanismto absorb
the high red@iffePBrite, but this nechanism 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

convent i pnalTrgifbliewiig probléhs disae! ireatebogizsin rhidd whenIselvirg thyn deficignaies,
cofbi nation of both are the three npst common cradl e designs iR %u.n
systems t hatsushasigek of ecoll buffetingapd agauracy of the mortar systerns of the prior art,

and the lack of manoeuverability of the whole vehicle.

Recoil mechanism
15
The recoil buffer mechanism is the most essential pért 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 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

“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

30 guidance of the recoiling mass during firing.



30 guidance of the recoiling mass during firing. -3 The "O' 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 comonl y-used.glesi gn. The big and | ong
cylindrical sliding surface on 5 the barrel carries an excessive anount of

wei ght. On fr*h%@*&égﬁ%agﬁe §Qﬁsﬁ?§tfgen@mi IR d&ighaltinasaivosiéson

the recoiling nass, uces the effectiveness of the buffering of
the recoil. alloth @ndsr ofithe crasliegto sapport aselcaliov dlee baatel dm stide arr dellcaiter

design. The "T" shaped 10 slot on the cradle is used to support and guj de
the barrel whlindricabsyifacewher reaiing during firinge Ye theeimplestdn 55'?%8@8"&%6’0
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Hence, there will be significant weight reduction on the barrel. The recoil
15 cyl i nder ntiaimbm autrbened patreattached on theerdsailingl massi wiviatnseduges the

recoiling ma .0 red the recoiling force. However, the cradle is
conmpl ex in @?ﬁ‘#'ﬂ%@ﬁn&éﬁﬁ b"\%@ﬁ'ﬂgégtﬂ?ﬁ??ﬁ?"' The "0" and "U' conbi nation
cradl e design takes advantage of the benefits of both 20 the above
designs. Its front support is an "0" cradle design and its rear side is a

"T" cradl e dgm ‘Wr.crddie degignid thesdcondrdeaeation girectadie désigm The “Ttshaped
portion is used for front sliding and only one bracket is attaghed, onto
ei ther tWe isiotren the cradle e used sesHpRartiand gede the fasal whigseggllipg during

external profile s ver | ose .t t esi '
o acket. Tharbpadip BEokef i ari=Codh oRBi M et (SR B Moo AHEBnE
manuf act ur i fje bREEH) Hs@PBridtje Bétwdohaht ibanel aidefadié. Thedxtemabpaiile biithe
m ni mum | ength of the cradle will be two X support length + recoiljng
| ength + 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 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

adopt ed ont

o 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
nuzzl e velocity is very nuch slower than_jhe gas flow when it |eaves the

barrel. The bonmb w ||
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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 instalied on
both sides of the elevating mass in parallel. The base width of these mechanisms

is quite small.

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
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

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

system for a closed-loop power drive system.

be unstabl e because of gas turbul ence at the nmuzzle.
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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 |inear actuator and the rotatg.ng action. This will conplicate
the control 30 systemfor a closed-loop power drive system -5 The
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i nvention i gpdr@iohedwpvehe 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, B ARYHETRESINVENEAMNDE nmounted on a nuch lower class of

pl at f orm’or | g. froma 30-tonne vehicle to a 10-tonne vehicle).
This is achieved by optim zing the systemdesign and incorporating the
recoil buffer, nuzzle brake and maxi m zing the recoil, mass. 1
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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

L 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 assenblyg. having a firing nechani smfor
firing a projectile through an open end of the barrel, the recoi

buffering a = S | I &ﬁ]ﬁﬁa HHEMol-ablee
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support a i ; ast  platform and one end of the recoil
bufferi ng)engﬁ%sr&lg‘% |rerg}qs?/%§e§ured to the 10 support platform In the

preferred construction, the recoil buffering nmeans is pivotally secured to

the support platform It is preferred that tge regqgl buf.fer'ni% nmeans._ .
conpri ses a Fyeferablynthecsunpedeneany incliides atrapien agdng rrepilkiyliesng MEaN% S+ on
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buffering cylinder is adapted to be secured to the barrel by, neans of . a
yoke, antD t lseippioine pladfedmofint the prefersed r@névwmrthesr%vbkﬁﬂ'% means »

gui-de surface adapted tao ntain th arrel and the buffering cylinder in
proper al i grﬂ%ﬂf’.ﬁy ﬁﬁﬁ‘f"&da@gﬁb‘? SPHBO‘aé’?i?tg?r"bnd the buffering cylinder have

substantially parall el

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 barre!l and the buffering cylinder have substantially paraliel
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 cradle 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 received, and that said aperture

I ncl udes an inner 30 surface which acts to support the buffering cylinder.

“7 1N a prefpr Ef%f?ﬁggdérﬁﬁaﬂiwérﬂ,etﬁee?&dil Budrig ReAMRAESMPASES itwBSoft g8idof
said buffering cylinders and pistons, and the cradle includes two of said
apertures, befféringpgindersamdpistorisngnd theespael incledes évo of saiddpertures, ieagh

cylinders. It will be appreciated that it is possible to provide nore than
two of sai dapemewrresgiving a iaseestiva erepksaid btrﬁ%ﬂ Bﬂﬁfﬁwﬁénﬂﬁgﬁépaﬁ%%gd

such that, [n.use, there,is no. d | : ; fgt neans
and the barp@tlﬁo'? H%&'%éﬁ &°e§$?"§%esﬁ9g‘§§f‘ac“?ﬁﬁu°§?* %ﬁg bﬁm@?‘é@?}g?&%ﬁyﬁgr rg'el and
breach agsenbly are all supported by the support neans through the recoil
buffering means. 10 According to another aspect of the invention there is

provi ded anTeEamemgmmsnbfisarwged{Slmh tthatl,i imb usey t?@@t i§fnq Hsesy@@h nection
conpri sing reech assenbly connec 0 r e, br y
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t he barrel, Lk ' | S pob e Wﬁm&,ed
to support ngfﬁ?Bgﬁ |%¢bg§rgeﬁkgs%§g§b@y iﬂr?&wgﬁj el evatlis%gﬁ mechani sm f or
rai si ng andtirovghithg rédw! hafferzig melasei n the el evating nechani sm incl udes

a piston and cylinder which are arranged such that rel ative novenent
bet ween 10he piston and cylinder causes the barrel to be raised or |owered.

20 Preferably LNhe DG SR.MBH Fopel B tha" RvaRfich Gerelid ProVidePCart eidaiting and
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.




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 thgy can provide support for the
barrel and the breech assenbly. A connecting nenber is desirably connected

bet ween t he t : | [ ' he,
and o cr oss LR B e A, A, AR e e S e o
and/ or bet wegfn&&tiy plermibé”d, eiyé iohdss-sonnatting nmehbepraric the dresdddisuppert t he
arrangenment of the pistons and cylinders, the connecting nenbers, the

cr 0ss- connedtenpenie substantially tdradiedsdlch support  nenber is substantially
tetrahedral. 5 According to another aspect of the invention there is

provided a traversing apparatus for an artillery gun conprising a breech
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mechani sim f or g a projectile through an open end of the barrel, the
traversing agpanawslﬁ)rmrmﬁllew gon canyprisp a brgeshfassembhhcenneciedtpbatrel o
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wheel and agfififorh fRldinYg/arPARUate 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 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
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
75 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 .g.n the drive wheel preferably
extends around the drive wheel in a substantially 25 helical fashion. The

drive cabl ewg?é(tagémggu%oh%\éﬁ]bggt |y around the guide nenber. It is
t

desirable t nsi oni nmeans |I's provided to nmaintain 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. Pref rail , the or_ each
support nentrea prefetrad esnkodimentthe guidermempacisinigvidad wi t%f’@,pe fretFe:

barrel . Most ferably -9 th t d
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t her eby Qgui ding ¥r§vem$t of t{he support neans al ong the gui de nmenber.
According to another aspect of the invention there is provided an el evating

apparatus for an artiller n of t type conprising a bree a
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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

extendibie 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 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 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
arrangenment. i 20 The el evating apparatus according to this aspect of the

i nvention may al so be provided with features of the el evating apparatus
descri bed above. According to another aspgct of the invention there is
provided an artillery gun conprising a breech assenbly connected to a

oroj ect 10 MY SRR e R TRAN] 2ppidic TRE RRaRI, cbpaidtly Sfdthe

a muzzl e brgkgersiHePasbardfiscialpbel @sdd ineh@r=eildry @oh. gas can escape fromthe
barrel. The muzzl € brake is disposed adjacent the open end of the barrel.

Preferably, the 30 nuzzle brake conprises a plurality of apertures
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preferably platformor vehicle nounted. As used herein the expression

“"artillery gun" neans guns, cannons, how tzers, r%rt rs@garl_fi t he Iili_le(j|
whi ch hdle &heagrtilery ghinaacqasding teoths ipvastionals preid ofE Qfy venicie

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.




BRI EF DESCRI PTI ON OF THE DRAW NGS 20 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 enl arged vi ew
of the traversing nechanism 25 Figure 2 is a side view of the nortar
systemillustrated in Figure 1. Figure.$4is a plan view of the nortar

systemillustrated in Figure 1. 30 Figure 4 is a front view of the nortar
systemillu . %a?fél'%fa 'cBHM@rﬁtncﬁhailfﬁfd:ﬁﬁr
bonb | eavi ng'tgg"ﬂé ggsa?%gé‘g#wgo%omeé%??%ﬁglé\an@ fhe gun illustrating the

effect of ng@ﬁhlﬁlsd‘eﬁhﬁfth@@ﬁecp@f mhszlewstamMn fRegupdasboimbust r at es 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 the

muzzl e brake, acc to the LG THE
10 PREFE gjﬂw&‘ﬁﬁ‘ ! By %95%&9@%“%“&3?5@ ;Bﬁ\%an gs‘oﬁéiti Lf ?%“Wéﬁof
the norta §Q e pRseheinvertiogmbodi ment of this invention.
Figure 1 sh@t&?g%}b read&b F?gurgs 2, 3 and 4 which illustrate the side,

plan and front views of the nortar system respectlvely 15 The nortar

system con5|sts of the recoiljn ss 10 vat i ng. "
mhas. 30 andFiEe { SHOUEA §aueNRIdEs Midle ek 25ca Rt Ranf Pregr e
consists of a nuzzle brake 11, barrel 12, breech 15, yoke 13, recoil
buffer cylinder 17 and | ock nuts. A rruzzl e brake 11 with a pepper-port

design is | pEXAILES DEISCRIPINONO# THEt he
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 muzzie 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




barrel. It could either be integrated into the barrel 12 (nono-bl ock) or
detachabl e 25 for ease of production. The breech 15 with the firing
“‘mechani sm (not shown) and firing |ever-i26 are attached at the other end of
the barrel to formthe chanber for firing. The barrel 12 is supported by

the yoke 13 and | h .t i
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cyl i nder s bfemeyliodess 1€ @noRHe] BB'#?FE{ eoﬁtgggﬁﬁé%aﬁﬁgé B'%ltds'fgdrggr%%fs 23. The

recoil buffer has a hydro-pneunatic type design, in that the buffer and
recuperating functions are integrated. It is optimzed for the particul ar

recoiling S f ik AR -pReimatic clypegéesini lire thar the diudlerbamd. |t
I's desi gneyq?o'secijgné@f?r ?ﬁéér?rt;}%ul sive force@?hat_ ig gener at ed b}/ t he _gas
pressure tfdipepiting ARtioNs Aedntegiateduehis pptimizad fTthgranticylar 2eping ng
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| engt h original position after the kinetic energy has been completely dis

energy stored in the recoil buffer cylinders 17.

The invention significantly simplifies the cradle design and reduces the recoiling
force by maximizing the recoil mass 10. The invention simpiifies 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 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




of the cradle 21 is very nuch shortened (it has only one support |ength)-
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 forgg. The two recoil buffer cylinders
17 are nmounted together with the barrel 12. During.firing, the gas.
pressure generated in the_barrel on..t end wll be -
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buffer pi e pivo o the trunnion 32 on the saddle 31

directly. ' irRPtdeeUBesate 3 teeid thearadiebd! wiiBnatt gufferifrgmtany t wo
recoil bunggfrFf?:@Fiqg gr@gt 17 together with the barrel 12 to nmaxim ze _the

recoi | i ngep@isforead Hene; itng furteonvef te cratlla Rd wilt atdlydenip snpech and) guike

pi ston rods 23 of the recoil buffer cylinder to the saddl ifectly.
Ther ef or dhe réeoiling cwss oeod tm%stweeaﬁéweﬁt %éz@aﬁﬁﬂt”@ %T%ﬁmﬁietisrs{éngﬁ' dle 21
will not suffer fromany recoil force. Hence, the function of the cradle
21 will oRHEYC®R to support and guide the recoiling mass 10, and the
structural strength of the cradle can be substantially reduced. Mizzle
brake The nortar systemincorporates a nmuzzle brake 11 onto the barrel of

the artily H#dRet 0 reduce the recoiling force and blast (overpressure at
t he gun Cr'%#e—aréa). It also increases the range and i nproves the accuracy

of the bonb. Figure 5 is a side view of a nortar bonb 60 | eaving the barrel
70: of a conventional nortar gun illustrati,n

di st ur barid® martaﬁéyﬁtﬁnmcoam%t%? m"\iﬁiﬁ @gmgﬁtéiﬁééﬁg %ﬁg‘é @(‘:’% se the
propel| argung%sFesdu%secﬁlgerewﬁiﬂﬁqgrc%%d 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 con the mortar bomb 60.
There is muzzle disturbance because the propellant gases escape through the
opening of the barrel 70 as the bomb €0 leaves the opening of the barre! 70. The
tilting 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 ailow the gases to escape from the barrgl 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 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. Consequently, the bomb 60 will reach steady-flight

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

bomb &0.




opening of the barrel 70 as the bonb 60 | eaves the opening of the barrel
70. The tilting of the bonb 60 caused by the disturbance is quite
significant. As a result of the muzzle disturbance, the accuracy of the
bonb is nmuch reduced. Figure 6 illustrates a nortar bonmb 60 | eaving the
barrel 12 of a nortar gun fitted wth aqguzzle brake 11 according to the
present invention. The nmuzzle brake 11 includes a plurality of portholes

to allowt h?ngaﬁﬁrﬁniiﬁn %ﬁ&@lﬁ?ﬁd%é%erdég é@@ér Rlsslife atth@Ufh thsv F@ﬁé?ﬁﬁb ahe

i nst ead of throug e nout rrel 12. The invention allows

si gni fi cant relsasabf the gl ¢sessure gaspehbd beagispréad peer i nger ipefiod of time.

bonb | eaves the barrel nmuzzle. Therefore, the gas pressure at_the nmuzgle
when the boftubher esices therasaiing|foms taaauseoT Ihe Myl piak GiigiEReY. 1he

thereby reducing. ' N aﬁ% n o ToNpenl ' Reach
steady-fli gﬁt‘lan %w%ﬁ%%ﬁnﬁd&?##é@%ﬁ%ﬁ% %ﬁléﬂr%ggfg the raHg%e\gr%*? nprove
the accukacyipfedite theaeof forceldniiecin theastinventiohalmorausystem without the
(overpressure at the gun crew area) as the release of the high-pressure

gases has bewzzgbetd@ over a | onger period of tine. 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 nuzzle brake 11 5

Wil reduceE‘i%ﬁ_atf[@%é%Sf orce, unlike in the conventional nortar system
Z a

wi t hout the Z ke. Elevating mass 10 The el evati ng mass 20 consi sts
of the cradle 21 and the whole of the recoiling mass 10. The cradle 21 is

desi gned to_support .and gui de the, who recoj | i s 1 n r

sur f ace 1R ofl hehelevaling doass 2Blﬂoﬂé?5t§:9+ ﬁ?%%rﬁg'ﬁ??%ﬁ'@rggp% Qﬁ{h%sre%%ﬁgct ed
15' by the chg\aégsewonnecti ng tube 22 and pivoted at the trunnion 32 on the
saddl e 31. ’

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 bottomof the cradle 21 is connected to the elevating cylinders 40 to
vary. the _elevation of the whole elevating mass 20. El evating nmechanismF
20 Figures 1 to 4 also illustrate the design of the el evating and

traversi ng nechanism The cradle 21 ofS-the nortar systemis nmounted on two
el evating cylinders 40. Two saddle connecting tubes 33 and a

cr os- coRAECLl A LGS E (1Rfe APASE thé |78 eonndbing nask eecmes fiant { ubes

22, saddl I'ng and elevating 25 cylinhders 40 formtwo side

triangl eg; @1§ q*h@\fa&zitﬁangnéhinﬁ@bﬂroﬁeé@om@asienranbmzuntmmeﬂmis fsrthemaestppor t
34 and ri g%t ront suppori 35 and both are connected to the cradle 21 for

varying tsksblel garhetry sirice the bbst eidthevfathienteshasiszn hashkeen sigaificagtly
mechani sm of the two elevating cylinders 40 coul d be hi\gg a%ld'qic? or

mechani caicreased: (y%geomaiueaisr iMNAIEs AYLRICIRY ReME {ﬂ,ﬁ $188itJR, the
two el evating cylinders 40 have, 30 t | r,,S: ment .
_15 The §T{C§Cg‘|r§z§ﬁrﬂ5€r@yl 'lgﬁﬁ%?' thﬁ(ﬁ%‘r‘fﬁ"%ﬁél‘rgﬂgﬁgégn‘ﬁé‘gﬁ f%ﬂﬁg%"%@“gor m a
front triangle. The_f ye ¥ ; b& ARE AUAbeTIBEPE. .
This is {'??ésgﬂﬁ%ﬁ'ggigt 3‘6?%58%%@%%8?'mbt'ﬁgsﬁ%ésrg[Hvlv}i?sd?%f the mechani sm has
been si gﬁJJJirﬁ{Bmﬁé of tﬂer\mﬁ@@evﬁlﬁh? reeemmtisy ahc alsel siniphies shadsgsigandi ng
nonment t hat s on the structural nenbers. Hence, the structural strength
and wei ght of the elevating mass design is substantially reduced. The

i nvention thus reduces the nunber of noving joints of the whole elevating

mechani shr2ueisingdnassnpl i fi es 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

connect i #ge traversing mass 30 consists of a saddie 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.

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" siots. Both front
supports 34,35 ride on the track of the track assembly 50 which is concentric with
the centre and allows both front supperts 34,35 to slide on it. The saddle 31 and
front supports 34,35 are all connected by two saddie 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.

Trayersing 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




_ tube 36, two elevating cylinders 40 and the whole of the el evating mass 20.
The saddle 31 is sited in the centre of the track assenbly 50 and is
rotatable. The |left front support 34 and right front support 35

haveradi al"T" slats. Both front suppor{g 34,35 ride on the track of the
track assenbly 50 which is concentric wwth the centre and allows both

front ts 34,35 to slid it. Th ddl ad . £LOr '
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of the wh el Ss aver si ng mechani sm The traversin
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and cross detd R orma triangul ar base. The assenbly

allows th 188 ofBfeSstatetue. rotate along the track assenbly 50. There
Is a pini gaﬁé@\{g%vgéé?ng the structure to the track assenbly 50 to permt

| ateral traverse of the structure. The invention differs fromthe

conventional arc and pinion as the geat. Ny g=xal M Bl
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track assertly 30, Lu8BFcatld 36 ¥Prle stdelubile 38rrestslohline pilainayliadrical

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

firnly 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 3¢ and

the pinion 38. It 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 biock. 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.

is generated when the pinion 38 is rotated in similar
he pinion 38 winds

The traversing movement
fashion to a gear's arc and pinion action. The rotating action of t
. nding it on the

ble 39 will be

the steel cable 39 from one side as well as concurrently unwi
opposite side. Therefore, a differential tension in the steel ca

generated and will subsequently move the traversing mass 30.




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 position firmy as it is squeezed by the tension in the steel
cable 39. The sem circular spiral groove on the pinion increases the
contact surface between the steel cable 39.and the pinion 38. It also

| nproves the gripping power and prevents deformation of the steel cable.
The traversj |9 ; ' : t [ § I 5 as
an i nt egr s LAkE e Bef Fdlh 14 coyBhTaIRG fd piioh larl, 18 In kR R doct

The pi ni on' got Haviieelakeh atvemeam uh hebeeen tins stezhdabiler 39 gedrthewinion 38 a
very common__design , and can be manual or power driven, Thf traver si n%
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Unli ke the gaased bytte thermatexpansidroofdhe anatedaldn the convensiongharciang pinion

i nvention does, not have a relative venent Jjn between the steel l e 39
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t hermal expansion of the material in the conventional arc and pinion

desi gn d$ whatever changes in the size of material caused by a change in

t enper at ur e il . . We¥:1 t i i el
cable sprin e('n%?'?t'sq?ﬁ\%\%@ ﬁg;@%@f%%ﬁiﬁé@é@gﬁgn an Iﬁ\?:{h'ra oﬁ |ﬁ§%rlﬁtlf};°/al
full-proof gygeetdlefdhce 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




The invention is also very much sinplified, lighter in weight and
significantly allows I|arger tolerance in the production of the conponents.
The invention described herein is susceptible to variations, nodifications
and/or 15 additions other than those specifically described and it is to
be understood that the invention includes all such variations,
nodi fi cati ons and/or additions which fall wthin the spirit and scope of
t he above description. Al though the prefi red enbodi nent of the invention
menti oned above relates to a nortar firi" é‘systenl the invention may al so
be suitable for other types of artillery systenms. 20 -18 CLAIMS: 1. A
nmortar gun CbAPMSSi ng a breech assenbly (15) connected to a barrel (12),
the breech assenbly (15) having a firing nechanismfor firing a projectile
through an open end of the barrel (12), wherein the barrel (12) includes a
muzzl e brake (11) through which projectile propellant gas can escape from
the barrel (12). 2. A nortar gun according to claim1l, wherein the nuzzle
brake (11) is disposed adjacent the open end of the barrel (12). 3. A
nortar gun according to claim'1l or 2, wherein the nuzzle break (11)
conprises a plurality of apertures provided in the barrel (12). 4. A nortar
gun according-to any one of clains 1 to 3, further conprising a recoi
gg;;reg't N9 apPar ahRonaAPrniBiding a ABEEH Adétnbly fBjicBhnactery s (12)

the breech assembly (15) having a firing mechanism for firing a projectile through

an open end of the barrel (12), wherein the barre! (12) includes a muzzle brake (1 1)

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

2. A mortar gun according to claim 1, wherein the muzzle brake (11} is

disposed adjacent the open end of the barrel (12).

3, A mortar gun according to claim ‘1 or- 7, wherein the muzzle break (11)

comprises a plurality of apertures provided in the barrel (12).

4 A mortar gun according to any one of claims 1 to 3 , further comprising a

recoil buffering apparatus , an elevating

apparatus . and/or a traversing

apparatus.






