| MOBI LE GUN CARRI AGE AND GUN SYSTEM Field O The Invention 5 The present

i nvention relates to the field of nobile gun carriages and gun systens, in
particular for and to artillery pieces, such as how tzers. Background 10 A
conventional towed gun system for instamce a howitzer, has a carriage on
which the gun itself (barrel and |oading and firing nechanisns, etc.) is
nmounted. The carriage has a main body or chassis, with one or nore pairs
of driving wheels. A pair of elongate stabilising arnms, so-called carriage
trails, pivotally extenMOBIE CIAN CARRIGIGE AD GiaéSvsTEMl are able to
splay apart to stabilise the howtzer during firing. A smaller 15
retractabl e support wheel is pivotally nounted on each of the carriage
trails. Suclie@ Gt RB S usually towed (in a tow ng node) to the
vicinity of‘m@@rﬁ——r———§“ro be fired and then propels itself (in a
self-propelled nmode) to its specific firing position and fromone firing
position to anot near firin posi.ti g tow ng 20 the carriage
trails gre toget’ﬂ@rprﬁ*}‘?ﬂt glt}ogirg (5‘? ?hetf??gd @&BB Qal%ag.eﬁ\?ﬁl%émtruck or
tractor (osrseeﬂ@tlﬁ\ﬁaﬁldmtf&%agohﬁﬁleﬂpﬁve&e%eglﬂch%ﬁowfermw tzer is towed by
the carriagé trails, wth the retractable support wheels raised. During
firing (in a firing node), the carriage trails are splayed out on the
ground, again,with.the retractable support wheels raised. In the
self-propeﬂ%%&gﬁgﬁg the retractabl e support wheels are extended. The
carriage trails 25 are together and supported off the ground by the
retract abl e support wheels. The gu system propels itself by the driving
wheel s ¥hd i s stdepesnbgnal tqw@@msyaqemdfqrvnsﬁglce\mhowmznreha%m%mge etheel s
pivoting i | are _power ed
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15  refractable support wheel is pivotally mounted on each of the carriage trails.

Such a gun system is usually towed (in a towing mode) to the vicinity of where it
is to be fired and then propels itself (in a self-propelled mode) to its specific firing
position and from one firing position to another nearby firing position. During towing

20  the carriage trails are together and are raised off the ground by the towing truck or tractor
(or whatever is towing the howitzer) and the howitzer is towed by the carriage trails,
with the retractable support wheels raised. During firing (in a firing mode), the carriage
trails are splayed out on the ground, again with the retractable support wheels raised. In
the self-propelled mode the retractable support wheels are extended. The carriage trails

25  are together and supported off the ground by the retractable support wheels. The gun
system propels itself by the driving wheels and is steered by differential driving, with the

support wheels pivoting in whatever direction is necessary.

The driving wheels are powered by an engine through gear train transmissions in

30 the self-propelled mode. A main driving pump coupled to the engine supplies hydraulic
oil to drive a motor that is attached to a transmission gear housing in the wheel axle.

Upon activating a hydraulic power clutch, the power of the drive motor is transmitted to

the driving wheels to move the howitzer. Auxiliary hydraulic pumps are coupled to the



engine to power hydraulic cylinders to hel p ease deploynment of the how tzer
froma firing/towed position. In the tow ng node, the supporting wheels
are retracted and rai sed above the 5 ground, usually by neans of hydraulic
cylinders. The clutches are disengaged agd the engine is shut down. This
allows the driving wheels to be pulled along and rotate at different
speeds to allow steering as the howtzer is being towed. In the tow ng node
configuration, the howitzer is being pulled along in a reverse direction

cl ose to t hengh@ctk poofr hjdrailaveylindat oy held Gaderleplognicht dffie h®ddiezer filoeh £ngi ne i s
al so shut down for gun | aying. The supporting wheels are retracted and

rai sed abovgmf‘%@“@fié’t?ﬁ]&‘m-The carriage trails are opened out and anchored
to the ground to stabilise the gun during firing. A base plate, |ocated

bel ow the gun is extended downwards to contact with the ground and to |ift
t he drivi ng wheelnshofdwitgmode, the suppdrtingrwhdels dré rdtragtedadé raised abbree thier i ng
node configuratijon e base ate and .t he ds, of the carriage trails
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posi tion. Téhewersnbdr, of t he hand or gear wheel turns a gear system which
i s housed above the main bearing. 25 There are several drawbacks and
limtati®bns faced by a typical howitzer, with sone or all also faced by
ot her nobile gu Eﬁ% j i Ps ot .depl oy
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15  the ground for the firing mode. In the firing mode configuration, the base plate and the

ends of the carriage trails form a three-point triangular support for the howitzer.

The gun is mounted on a main bearing above the base plate to allow the gun and
its ordnance system to rotate relative to the base plate and the rest of the carriage, to
20 allow the gun to be brought to bear to the desired position for firing. A person operating
the gun rotates a hand wheel or a DC motor turns an equivalent gear wheel to traverse
the gun barrel to the desired position. The movement of the hand or gear wheel turns a

gear system which is housed above the main bearing.

25 There are several drawbacks and limitations faced by a typical howitzer, with

some or all also faced by other mobile gun systems.

A substantial amount of time is taken to deploy the howitzer. This is mainly due
to the complex and time consuming operational procedures required for transforming the
30 howitzer from one mode to another. Further, the clutching and de-clutching of the
driving wheels when converting from the self-propelled mode to/from the towing or

firing mode involves complex functions.



In order to withstand the high firing load, there is a threshold as to the
mnimum size that the gear teeth in the traversing nmechani smcan have.
This inturn limts the degree of fine adjustnment that can be achi eved.
Furt her, the backlash in the inherent d@sign of the gear systemfor
rotating the gun limts the accuracy to which the gun barrel 5 can be
positioned to be in the line of target. Since the howtzer is lifted off
the ground during the firing node, the centre of gravity of the howtzer
is raised. This hfdrdatts withetand ez High firing 1dabetheteris 8 yiebshisldasrto Aige midimuag. 10
The gun | ayi.ng . and drive systens are totally independent. systens él:q].e. t he
two syst entiZohat e gearderth bhibe ey rope meshpnitin can haverdisin the leyds &g i s
power ed by L ese i i | g !

manual | y, o‘?eggési ng ng al%g%tgng&g}{ﬁiyék%cﬂér}%th%&ed‘pgmr eﬂtﬁgggggﬂssgg%?{aéﬁéﬁ%%ﬁt ery. It
is very di fddstanl df theogdan sestpra e rotabng thegenanitatibe ataraydc ehichihe gmsbaradint s.
It would therefore. be useful to.alleviate one or nore of the

above- meht i POSIIgRE edpt}peglggetofﬁglgﬁ. ally. 20 Summary According to a
first aspect of the invention, there is provided a nobile gun carriage for
mounting a gun. The carriage conprises a chassis and a plurality of first
wheel assenbl i esSierithedawitgernipbftetaffdhegromnd fufing the fimngatodasthe wiitye of

conprises at_|.east,,25 one f.irst el .. T .carriage i s operable in at
onet o ri reevisnotif ReMierdt e Rt L h e B B SR S ona,
firing nodefifigg. firing a gun nmounted on the gun carriage. The first wheel

assenblies are operable to be positioned in at |east two predetennined
positiolrps inafirst plane, relative to the chassis, a first position for

driving the gun j ' q N . nd a
second position ’IHEI@%{I lca::giﬁig (ra\gd g%g%%#g{seﬁssaw gﬂc)lg'e]'lrllgﬂ:fegg?rg Sﬁ‘é’iﬂ/g?g&% rﬁ‘% Phe
first wheel systens dphetd independemblenf ehelt other)yl Me drigeisystemistioadral by Hiéiegslin
carriage. 4 According to ? second aspect gf t he i nventi orf, there is
provi ded a TRSHIY \ghllﬁ]t%e gun Jaying system 1s operated manually, or using a large size DC motor
powered by a separate battery. It is very difficult to integrate them together due to space

15  constraints.

It would therefore be useful to alleviate one or more of the above-mentioned

problems at least partially.

20  Summary

According to a first aspect of the invention, there is provided a mobile gun
carriage for mounting a gun. The carriage comprises a chassis and a plurality of first
wheel assemblies mounted to the chassis. Each first wheel assembly comprises at least

25  one first wheel. The gun carriage is operable in at least a first, driving mode for driving
the gun carriage and a second, firing mode for firing a gun mounted on the gun carriage.
The first wheel assemblies are operable to be positioned in at least two predetermined
positions in a first plane, relative to the chassis, a first position for driving the gun
carriage on the first wheels in the driving mode and a second position in which the

30 chassis is operable to traverse on the first wheels, in the firing mode, for aiming a gun

mounted on the gun carriage.



carriage for nounting a gun. The carriage conprises a chassis and two first
wheel assenblies nounted on the chassis at opposing sides of the chassis.
Both of the first wheel assenblies conprises a support nmenber and a first
wheel rotatably nounted on 5 the support 4nenber. The support nenbers are
nmounted on the chassis, with the first wheels spaced fromthe chassis. The
support nenbers are nounted to pivot relative to the chassis in a first

pl ane and in second planes generally orthogonal to the first plane, to

move the first wheshdingio 4 beofid eglectasfdhs awenmibnp tteres prdvidediccabbilaigd 0 a
third aspect of tthe i nvention, fhere is provided_ a nobile gfun system
conpri si ng B PEMGURIRER 8T gl CAREHREICREPHISESA FREYs ¥id Rdieel wagel and
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gun syst em Whenlassenhbiies cognzdea suppartfimembay and ddirst rieehtatahly emmedopr i ses a
nobi | e n carriage wih un_nmount ed t hereon he ,gun carriage
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off the ground; sw nging the first eel assenblies relative to the
chassis to {peshassiie a s plane mad i1 segondplentsszearrally aghegpnabiorthe firs plane,do each
other and r ' I i ti.on in the driving node; and | owering the
first wheel@L?'%){h%ﬁierétgﬂ%gﬁdﬁﬂ%c%gtrc w?ﬁcc{ngp Pt h aspect of the invention,
there is provided a nethod of traversing a nobile gun systemin a firing
node. The gun system conprises a nobile 25 gun carriage wth a gun nounted

t hereont? t he gunfecordingfea turdpspest ahths eyentien.dhersds provided panebile 29n i r st
wheel asse ' o‘i‘ﬁ;ﬁ—ﬁ L5 | | fol Wged i ng
angl ed rel }S%i\?glsct:o eacht ot [ﬁ@é nd@atnil)éégsatcrrgl n }Pghg%()tflrt\ﬁees% Nass| g?m{ﬁe met hod
conpri ses aspestgrvaiinggutmogntad eckonhe gun carriage on said first wheels by
driving said first wheels along the ground in the sanme rotational
direction. 30 For the fourth or fifth aspects, the gun may be a gun
according to theapdirdide 8P &Sirth aspelh 8f thViSRtiOR there 8hrBvided RLRYidir fOr
exanpl e, a nobile gun Carriage for instance

15  transforming a mobile gun system from a driving mode to a firing mode. The gun

system comprises a mobile gun carriage with a gun mounted thereon, the gun carriage
comprising a chassis and a plurality of first wheel assemblies each comprising a first
wheel. The method comprises raising the first wheels off the ground; swinging the first
wheel assemblies relative to the chassis to positions where the first wheels are angled

20  relative to each other and relative to their direction in the driving mode; and lowering the

first wheels to the ground.

According to a fifth aspect of the invention, there is provided a method of
traversing a mobile gun system in a firing mode. The gun system comprises a mobile
25  gun carriage with a gun mounted thereon, the gun carriage comprising a chassis and a
plurality of first wheel assemblies each comprising a first wheel, the first wheels being
angled relative to each other and to a main axis of the chassis. The method comprises
traversing the gun and the gun carriage on said first wheels by driving said first wheels
along the ground in the same rotational direction.
30
For the fourth or fifth aspects, the gun may be a gun according to the third aspect.



for a how tzer, having two drive wheel assenblies nounted at the front end
of a chassis. Each drive wheel assenbly has a drive wheel nounted
rotatably on a support nenber. Each drive wheel assenbly is nounted onto a
wheel mounting frame at the front end of 55 the chassis, by neans of a wheel
assenbly mount. The wheel assenbly nount allows the support nenber to
pivot in a plane that is generally parallel to the plane of the chassis. A
suspensi on cylinder extends between the wheel assenbly nount and an end of
t he support nentBie inirémiosdsaiﬂasd pmviﬂyl fon deamslx t cemdisileanohf krisgetiontkianéed nove

the suppor nmber a plan erally orthogonal to the plane of
the chassi slor FRPWIAE, Baving v Vec@?qei a&ggm{;%esaéow%agft@ P OkR SREssIS.
operating npgdg e%ﬁfeﬁ%ﬁer?é’ly?ﬂé YAl O @ hed! REouREI gfa%lj%n B pohsaimagsendl y.

The support nenber can be | oCked at various predeterm ned 03|t|ons W th
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extend generally in the radial direction relative to the centre of the rotation of the chassis

15  about a base plate. A DC motor provides power to the drive wheels to provide fine

adjustment in aiming the gun on the carriage in the firing mode.

Brief Description Of The Drawings

20 The invention will now be further described by way of non-limiting examples,

with reference to the accompanying drawings, in which:-

Figure 1 is an 1sometric view of a mobile gun carriage according to an
embodiment, with the wheels in a towing mode;
25
Figure 2 is a side view of the mobile gun carriage of Figure 1 in a complete

towing mode, with a gun mounted;

Figure 3 is an isometric view of a main wheel assembly used on the mobile gun

30  carriage of Figure 1,

Figure 4 is an isometric view of the main wheel assembly of Figure 3 in the

towing mode;



propell ed node; 5 Figure 6 is an isonetric view of the main wheel assenbly
of Figure 3 in the self- propelled node; Figure 7 is an isonetric view of
the nobile gun carriage of Figure 1 in a firing node; 10 Figure 8 is an
isonetric view of the main wheel assenblg of Figure 3 in the firing node;
Figure 9 is a front end view of the nobile gun carriage of Figure 7 with
the gun 15 nmounted; Figure 10 is a flowhart show ng the sequence of steps
to transformthe nobile gun carriage of Figure 1 fromthe self-propelled
node, as in Figure 5 to the firing node, as in Figure 7; and 20 Figure 11
is a schematic diagramof an integrated gun_ |aying.systemof the nobile
gun carriage of FRYGPdS fn isoBiehiq WaWE dhs mphilcsinosinagest Higuserh e self-
appreciatigﬁ. &k%Qﬁxknvention and many of the attendant advantages thereof
may be rea |P€ obtainéd by reference to the follow ng detailed description
of an enbodi nent, when considered with the acconpanying drawi ngs in which
| i ke reference aracters.indicate caqrresponding parts in.the_different
views. 30 The Ff%ﬁ?r@ 1S ABWOTCHULY PE Ieglprwqﬁﬁgasi@“‘?]é’r"fgl%ﬁﬁ iyt sednd a
how t zer. :ﬁﬁﬁﬁ¥ﬁ&mxkbe invention is not limted thereto. The nobile gun
carriage and the principles of the invention are readily usable for or
with other artillery pieces. 7 Figure 1 is an isonetric view of a nobile
Dheel a1 n29C, é\?v. ﬁ%&%{;ﬁg%ﬂiéo?ne % viSRd W RO i1 ur! Did LM 20 1 Hk b e
mode;

10
Figure 8 is an isometric view of the main wheel assembly of Figure 3 in the firing

mode;

Figure 9 is a front end view of the mobile gun carriage of Figure 7 with the gun

15  mounted;

Figure 10 is a flowchart showing the sequence of steps to transform the mobile
gun carriage of Figure 1 from the self-propelled mode, as in Figure 5, to the firing mode,
as in Figure 7; and

20
Figure 11 is a schematic diagram of an integrated gun laying system of the

mobile gun carriage of Figure 1.

Detailed Description

25
A more complete appreciation of the invention and many of the attendant
advantages thereof may be readily obtained by reference to the following detailed
description of an embodiment, when considered with the accompanying drawings in
which like reference characters indicate corresponding parts in the different views.
30
The Figures show a mobile gun carriage 10 for a howitzer, and a howitzer.
However, the invention is not limited thereto. The mobile gun carriage and the

principles of the invention are readily usable for or with other artillery pieces.



5 A nobile gun carriage 10 has a main chassis 12, with a gun cradle 14 and
a base plate 16 nounted on the main chassis 12. The main chassis 12 is a
generally elongate frane, with two nain arns 18 spaced apart and extendi ng
along its length, and braced together. The gun cradle 14 pivots at one
end, at the rear of and on top of the main chassis 12. The gun cradle 14
pivots in the vertical plane to raise and | ower the gun 10 barrel (not
shown in Figure 1). The elevation of the gun cradle 14 is controlled by an
hydraulic system (shown in Figures 2 and 9). The gun cradle 14 is shown in
Figure 1 in a pﬁrtia |y raisedq positjon, .although nornallg,in the tow ng
mode it woul d beliBH® his an|isaRaatae Viswfia mebilegun; qarragg 1 P @ceordingitagn het ween

the (W0 Tl aBGdheh the 1Eny TR B HSShtls 12 ol Gk ST adl e 14 s mount od

bet ween two hydraulic cylinders 54, tor elevate 15 depressing a gun
nounted thereon. A pair of main wheel assenblies 20 is nounted at the front
end of the main ,chassis 12, .0n I n_wheel assenhly 20 on.each side of the
mai n chassis 12.Afﬂ%1_ uﬁcmgﬁog&%%‘m%@”ﬁ)f%‘@ a‘m%fadls 4\ﬁﬁéél ase
mounting fr RS GRowiedn 1R MR Bhidssi®f12! Mhe AiNBHaRsiS PRRS] gen%?au?r%n%ﬁeend a
short distance sideways, out fromthe rest of the main <chassis 12. The

mai n wheel Hasemwith v maingami 18 spaced aparhandhexsending algineitsisngthwhirehraced

assenbl i es e le to pPiveL. Q he_ wheel . mount i.ng, franes 22 in two

or t hogonal %gfjtgiérésﬁ%tém ccﬁ%dg%ié‘i)?]ﬁg{%ﬁ%f)ﬁﬁn 0# @ﬁéeaﬁgkﬁgdc%&" i TSI ot ve to
the main whetebsis 22 helgim@adlanglpsotoin thé Serbisdplake 16 Resd@idlowbeBk gur4
relative to the main chassis 12. In the tow ng 25 node, as shown in Figure

1, the Hhi nbafrré 1ot shavnin Figared). The clskdfion Qfﬁthfrgwgqrh@a@lﬁéé ipgontioHed hrpm wheel s
24 Il el i _axi ' 4 : f
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of and undez patitlhy taxed pasitionhdthsugh ndthall in theeowmgendledt wolld bexh erds
outwards fromthe rear end_of tEe mai_n chasﬂslis 12 and cgn rotate relative

to and in tH&PHE ’BP’?SHEFH%%I‘_E CEVEER the e BALATS pof ths maipchassiss o
support for14 henchasshde 12 idbimed bisebid Md‘ﬂydﬂﬂﬂﬁ-cy‘lgp@éé k4 br SIHPROLAG Wheel

assenblies 30 is nounted on the sides of the base"plate 16 towards the
rear enkb of depiessingasgunphaungeditBereome 8 support wheel assenbly 30 on each
side of the base plate 16. The support wheel

A pair of main wheel assemblies 20 is mounted at the front end of the main
chassis 12, one main wheel assembly 20 on each side of the main chassis 12. The main
wheel assemblies 20 are mounted on wheel mounting frames 22 which form part of the

20 main chassis 12 and extend a short distance sideways, out from the rest of the main
chassis 12. The main wheel assemblies 20 each has a main wheel 24. The main wheel
assemblies 20 are able to pivot on the wheel mounting frames 22 in two orthogonal
planes, to change the height of the main chassis 12 relative to the main wheels 24 and the
angles of the axes of the main wheels 24 relative to the main chassis 12. In the towing

25 mode, as shown in Figure 1, the main wheel assemblies 20 are shown with the axes of
the main wheels 24 parallel, and indeed co-axial, and the main wheels 24 held rearward

of the wheel mounting frames 22.

The base plate 16 is mounted at the rear end of and underneath the main chassis
30  12. The base plate 16 extends outwards from the rear end of the main chassis 12 and can
rotate relative to and in the plane of the main chassis 12. The base plate 16 serves as a
suppott for the chassis 12 during the firing mode. A pair of support wheel assemblies 30

is mounted on the sides of the base plate 16 towards the rear end of the base plate 16, one



assenblies 30 each has a support wheel 32. The support wheel assenblies 30
are pivotable, to be flipped between a raised position, as shown in Figure
1, and a | owered position (as shown in Figure 5). Further, a pair of spades
56 extend beyond the back of 5 the basegplate 16, for digging into the
ground during firing, to reduce novenent due to recoil. The spades 56 are
pi vot abl e between rai sed and | owered positions. The spades 56 are shown in
Figure 1 in the lowered position, but are generally folded up to the

rai sed posi supportwhesl dshentgyu80ioa each sifié of thg base figteng. Thadugdrtwiieef i ri ng. The

spades are engr al | ual | y nmangQeuvrabl e between the raised and | owered
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on the he f the in.ar. 8, at .the frant of fhe nobile , 15 gun
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a main wheel assenbly 20 used on the nobile 25 gun carriage of Figure 1,
| ooki ngl(ht the mai n wheel assenbly 20 fromthe main chassis 12. Figure 4 is

an isonetric vie . : Elequr [+ Etpg | , as
in Figure 1. Thew\kﬁé]e agis@@ﬁ%:oﬁgg%%gﬁa%g%tn %féwr?g?}ré\’t@ 2%419 rlo%’gw%?{?@rrgﬁnt ed
on a wheel thalnobile g6 camiage h0.i Theddiving position 4@linohidas 4 b¢as hndsteeridp valeel

el ongat e suppori ne r 62. A whegel senbly nount. 64 nounts th eel
aseonbl y 20MEGSTEORET A FORE D 15 TP UUGHR Lo e dhn STOARHGORIIE 22.
The wheel agm@alyA) 70 PRI onShAISMEF ¥ thy tv?@m'ai‘.ns%}ﬁlﬁqg, atl?lli@ﬁ‘gﬁtofttﬂ%irlﬁgﬂé s

fairly short but quite thick and wi de. The wheel assenbly noun
15  gun carriage 10.

Figﬁre 2 1s a side view of the mobile gun carriage of Figure 1, with a gun 48
mounted on the gun cradle 14. The mobile gun is in the towing mode, being towed from
the front end, with the main chassis 12 and the gun barrel 50 generally horizontal. The

20 gun barrel 50 has a towing eye 52 at its front end for the towing operation. The base plate
16 also has a main recoil plate 58, which digs into the ground, for transferring the recoil

from the gun 48 to the ground.

Figure 3 is an isometric view of a main wheel assembly 20 used on the mobile
25  gun carriage of Figure 1, looking at the main wheel assembly 20 from the main chassis
12. Figure 4 is an isometric view of the wheel assembly of Figure 3 in the towing mode,

as in Figure 1.

‘The wheel assembly 20 has the main wheel 24 rotatably mounted on a wheel hub
30 60, whch itself is mounted on a first end of an elongate support member 62. A wheel
assembly mount 64 mounts the wheel assembly 20 to the main chassis 12 through the
wheel mounting frame 22. The wheel assembly mount 64 is generally an L-shaped

bracket, which is fairly short but quite thick and wide. The wheel assembly mount 64



9 has a first and | onger end 66 adapted to be pivotally nmounted to the
wheel nounting franme 22, and a second and shorter end 68 adapted to
pivotally nmount an actuator means, such as a suspension cylinder 70, and

t he support nmenber 62. 5 The first end 66 of the wheel assenbly nount 64
has a generally vertical bore 72 extending therethrough froma top edge to
a | ower edge. The bore 72 allows the wheel assenbly nount 64 to be nounted
to the wheel nounting frame 22 to pivot in a first plane, generally

paral | el wilads atfivet andilongel and66 hddphel tote pivaitdBsmsuntedid thbintbelimodmtingener al |y
[ Figure 3 s part of the first end 66 of the wheel

h | pl
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the bore 72,.Ahe,$ gﬂgoﬁéqlng%a?(ﬂ%m%hﬁﬁﬁgmbﬁ gpunt 64 is a generally

vertical support ange two ge orizontal bores 76, 78
t her et hrough. The support flange 68 is w der than the first end 66 of the

wheel assenbl un 64.. The t .bore .76 has 15 beari thip it
which mounts ¢ he &% haldeﬁégofﬁ Reel S8tsHmY MR 3@2%@%@@ éﬁf%%z 78,
has an act ugk&di h{i&%‘ﬁ%rﬂ a86p wg%rtetahas@egéagwhwﬁ@bémwﬁlo%%eewﬂee@f the

suspensi on cylin er : second bore 78 is above the first bore 76,
al t hough noasscrably sequny 6ém)b@moulitted ki e é}ﬁbekmmulg fieine: %qugpnvat if bfingje 68

all ows the nmber d_t he ,sus si on | i.nder 0 plvot in a
second pl anpﬁgl%o n%erféf paralf e(I ﬁ%fnafrbplf“ﬁe gﬁ%%%}' ﬁ%ﬁgdeﬂ'g’l P& 2w n

chassi s, angbn\éﬁlllghlohzorﬁalqﬂﬂﬁ[ él‘héate BehbwE part BF BB @irst'%n@ 86 o BicOihdeNkerfhIgWN)
S housed wthin the wheel hub 60. The hub notor drives the wheel 24 when

the noblid e HawtO4remaye toshoy aswdvel kftepir Ghettendinghoughithaborefddes. 25 The

actuator means in this exenplary enbodinment is in the formof a suspension
cylinder 70. The suspension cylinder 70 extends between the wheel assenbly
nount 64 and t HEhessepprat éndneiitewhé& assbmbly sibuetrtd ioh geinealbyreqreodisappoty | | nder

extends at LTS3 Wb 5 REAIDROTONALparn T RahpOi. HRpulnge
ext endi ng fssnlwlb@nﬁémefemn@tsabbale%mpggse %ﬁ&ung& Thﬁﬁ%t%gﬁﬁtﬁgr si de

of the axis of the nmain wheel 24 fromthe seco e support
15 bearing 80 within it which mounts the second end of the support member 62. The

second bore 78, has an actuator attachment pin 82 therethrough which mounts one end of
the suspension cylinder 70. The second bore 78 is above the first bore 76, although not
directly above, in this embodiment. The support flange 68 allows the support member
62 and the suspension cylinder 70 to pivot in a second plane, generally orthogonal to the

20  main plane of the main chassis, and which is a generally vertical plane.

A hub motor (not shown) is housed within the wheel hub 60. The hub motor
drives the wheel 24 when the mobile gun carriage is in the self-propelled and firing
modes.

25

The actuator means in this exemplary embodiment is in the form of a suspension
cylinder 70. The suspension cylinder 70 extends between the wheel assembly mount 64
and the support member 62. A first end of the suspension cylinder 70 is pivotally
mounted to an extension arm 84. The extension arm 84 extends at an angle to the main

30 axis of the support member 62, extending from the first end of the support member 62,
from the other side of the axis of the main wheel 24 from the second end of the support
member 62. The second end of the suspension cylinder 70 is pivotally mounted to the

support flange 68. The suspension cylinder 70 is operable to extend and retract, and at



menber 62. The second end of the suspension cylinder 70 is pivotally
nmounted to the support flange 68. The suspension cylinder 70 is operable
to extend and retract, and at 10 the sane tinme to pivot about the actuator
attachnment pin 82 of the wheel assenbly mpunt 64 in the sanme first plane
as the support nenber 62. Thus, when the suspension cylinder 70 extends,
t he support nenber 62 pivots about the support flange 68 and i s pushed
downwar ds. Consequently, the wheel 24 that is attached to the first end of
t he suppor tthe Sametiherto piroahtamt Mevetiathe Witiehnttst pinl 82 df\tBe wed] ASsed®Lmount

assenbly mount 64, in_a plane parallel to the second plane, due to the
novenent oféj‘{jllli‘éggﬁ?ﬁ%ﬁ{“ Penbey the supposiperkd 62, ThNeivigmdhe suspersrosyliagden nder
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upwards in a plane par to the 'second pl ane. at or plate 86
with a firsdowroeads. ngotsedueng$, the eheelddshitrioattiched suppfirdt end bthgeufiyt f rom a
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the top edd@elgpert@egl?q PRy Sy TE T re][aﬁge EIW-LﬁglsaéFﬁS’? yllﬁﬂ%ﬁf %‘gﬁlﬁnpmea P
space | ef \t,%@ﬁlmetsé&nhwﬁkpdue&baﬁ@mgﬁeﬁaﬁ of 1R shppbrefigRinef 64 he first end

66 of the eel assenbly nount 64. A corresponding second |ocating hole 90
on the top eonryerssty, when thersyspensionnaliaBr oftractsethatsupportmembrtl 62 andithe whdeli s

positioned 4jrectlw under t first, l.ocatin | e 88 on | ocat or plate
s 1 n o sPLE SimliePesb A aP ais R Rl Prrallel © 455 s88nd Pabe el
frame plate 92 and a second, |ower frane plate 94 extendi ng sideways from
the main chassis 12. 20 The first and second plates 92, 94 are positioned

one abo\e of theAdlehlocatopplate § Wb a fsddogating hpledS profeudes fiom dgguE®rof t he

wheel asse o] ' e e d | ower

pl ates 92, n@éﬁég?;@ ?ﬁ%m%#edé?b%ﬁﬁﬁg%%tﬂ?tbgﬁe@g%?n&%@%e?%tb%aééw@%ee%gap S
such as to wieflaps thhéopmiizelof sedastdng Géofnhe wledl asseinbdt mbuseddywiaba spack he
wheel nountj frame 22. The swivel kingpin 74 is inserted through |ocating
bores on 2516{%%’8Weregﬁléez‘ﬁf’%¥?’e1§a@¥,6 agd %‘G‘%teﬁée %GP%%?SZ €BhOP R ﬂ\f&f‘f@@e?asserrbl y
mount 64 a WSSk Ided ot ; | he
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bet ween t heh(}clé RS bn the locator plate 86.

In this embodiment, the wheel mounting frame 22 has a first, upper frame plate
92 and a second, lower frame plate 94 extending sideways from the main chassis 12.

20 The first and second plates 92, 94 are positioned one above of the other, with a gap
between them. The first end 66 of the wheel assembly mount 64 is placed in the gap
between the upper and lower plates 92, 94 of the wheel mounting frame 22. The height
of the gap is such as to allow the wheel assembly mount 64 to pivot freely about the
wheel mounting frame 22. The swivel kingpin 74 is inserted through locating bores on

25  the frame plates 92, 94 and the bore 72 on the wheel assembly mount 64 and secured in
position with a nut at each end. This allows the wheel assembly mount 64 to pivot about

the wheel mounting frame 22 in the first plane.

With the first end 66 of the wheel assembly mount 64 mounted between the first
30  and second frame plates 92, 94, and the pivot pin 74 fixed in place, the locator plate 86
extends about the upper frame plate 92. Thus, the upper frame plate 92 fits in the space
between the locator plate 86 and the top edge of the first end 66 of the wheel assembly



30 and second franme plates 92, 94, and the pivot pin 74 fixed in place, the
| ocator plate 86 extends about the upper frame plate 92. Thus, the upper
frame plate 92 fits in the space between the |locator plate 86 and the top
edge of the first end 66 of the wheel assenbly 11 nount 64. The thickness
of the upper frame plate 92 is such as to allow the wheel assenbly nount
64 to pivot freely on the wheel nounting frame 22. The upper frane plate 92
has first, second and third positioning holes 96, 98, 100 5 placed at

pr edet er m nedupa®l tThernbicktessiofitht hppaitaned plkiers@s suchds td hitow tiedeie! m ned
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is renoved. . This_ all ows the wheel as senb[ﬁxé‘rmunt 64 to rotate to either

the firithg Bst @é?‘f“gﬂ}%?)@ iz the Ipgatonnleydn 86 obeavhes! asembly meunt 6t dy dlignedn of
the wheel a@ﬁﬁﬂ@%ﬂéﬂ) tfogfﬁ eé@gr?ﬂfe%ppgﬂ%lﬁg la es9 cﬁ%ﬁéwﬂ mhdlm@hgat er

detail later I'S an |1 sonetrrc vie e gun carri age
10 of Fi gurfaric BB A ssHlckatripg dqpdirgasin 102 és inksrtpd n:l&roﬁgh thedirsti lscutigp hole 38, ew of
opeII d node. 25 In
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rear end of the nobile gun carriage 10 off the ‘ground-

assenbl s pin 182 ¢ najsheven). doorider to rotate the wheel assembly mount 64 to another
predetermined position for another mode of operation, the locking pin 102 is removed.
This allows the wheel assembly mount 64 to rotate to either the firing or self-propelled
positions. Details of the transformation of the wheel assembly 20 from one mode to

another is described in greater detail later.

20
Figure 5 is an isometric view of the mobile gun carriage 10 of Figure 1 in a self-
propelled mode. Figure 6 is an isometric view of the main wheel assembly of Figure 3 in
the self-propelled mode.
25 In Figure 5, the gun cradle 14 is lowered to between the two main arms 18 and

the support wheel assemblies 30 are in the lowered positions to support the rear end of
the mobile gun carriage 10 off the ground. The wheel assemblies 22 are rotated round
such that the main wheels 24 are forwards of the front end of the mobile gun carriage 10,
and are generally coaxial. For this, the first locating hole 88 on the locator plate 86 of
30 the wheel assembly mount 64 is aligned with and locked into the third positioning hole
100 on the upper frame plate 92 of the wheel mounting frame 22. As the only points of

contact between the mobile gun carriage 10 and the ground are the four wheels, in the



such that the main wheels 24 are forwards of the front end of the nobile
gun carriage 10, and are generally coaxial. For this, the first |ocating
hol e 88 on the locator plate 86 of 30 the wheel assenbly nount 64 is
aligned with and | ocked into the third pgsitioning hole 100 on the upper
frame plate 92 of the wheel nmounting franme 22. As the only points of
contact between the nobile gun carriage 10 and the ground are the four
wheel s, in the 12 sel f-propelled node, the nobile gun carriage 10 can be
driven and ssfipepsiicddnads, tidesobikdunldarage 40 $an pO8E T sdfmandetidedadi | € gun
carriage 10,to drive when the main wheel 5 assenblies 20 are in the tow ng
posi tion. HOTRYG r, in this position, the nobile gun carriage 10 is |ess
stable. For instance with the added weight of a gun, if it is noving
forward and suddenly hits an obstacle such as a rock, with stops the
carriage 10, t hellisvied posgibie fantheanobileagym camidgd 10apptiee when thelohain svhpelef er r ed

to use | eadi ng.. ar. configuration.for_self-praopelli.n datrailing arm
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of the nobile gun carrla?e 10 of Figure 1 in a firing tode. Figure”8 is an
i sometric vicswargrang suddealynhitstraatbstaslesntl 3s ofock) with etofs the cetiagé 19,ithg node.

Figure 9 is front end .view the nobile gqun carriage of. Figure 7 with
the gun 1o Age e lan PimteEthl wbBf iRy i S BrE iR e dline i Oy (e
firing posiédnfiguraibe foreself-pibyRetlise i a t2diBng ain$ €shfigakation fer foRitd) ETHRAMbws
chassis 12 and the support wheel assenblies 30 are in the ralsed

posi ti oifs. tting athdsher spreds. Serediis nefse muchef agoneem ewlf-nmpelliezr end of the
base 20 plate 16 is on the ground. Wth the main wheels 24 raised relative
to the main chassis 12, the rest of the base plate 16 of the nobile gun
carriage is al soFignret’his aglisondic Flewsof théwaobildgurpestriage 10l ofdigurt én & dieivigl
passes directl hrough the base plate 16, nore, parfjcuylarly through the
recoil pl at@og‘%,ﬁlﬁﬂ? I8 4B 150t view 1 thiaain wheshagsem Figie 3 mhsdEineound

such that kg AiguRak ShREkIEd S ORI ENFC R LY WU 02

wheel s 24 rearwar of the front end ITegun c and
not - coald al momged. this, the first |ocating hole 88 on the |ocator plate 86
of the wheel assenbly mount 64 is
In Figure 7, the gun cradle 14 is raised for the firing position, the main wheels 24
are raised relative to the main chassis 12 and the support wheel assemblies 30 are in the
raised positions. With the support wheel assemblies 30 raised, the rear end of the base
20  plate 16 is on the ground. With the main wheels 24 raised relative to the main chassis
12, the rest of the base plate 16 of the mobile gun carriage is also on the ground. Thus
when the gun is fired, the recoil passes directly through the base plate 16, more
particularly through the recoil plate 58, into the ground. The wheel assemblies 22 are
swung round such that they are angled backwards, and splayed outwards with main
25  wheels 24 rearwards of the front end of the mobile gun carriage 10 and not-coaxial. For
this, the first locating hole 88 on the locator plate 86 of the wheel assembly mount 64 is
aligned with and locked into the second positioning hole 98 on the upper frame plate 92

of the wheel mounting frame 22.

30 In Figure 9, the gun 48 is shown elevated to the firing position by the elevation
hydraulic cylinders 44, with the spades 56 and the recoil plate 58 sunk into the ground.



aligned with and | ocked into the second positioning hole 98 on the upper
frame plate 92 of the wheel nounting frane 22. 30 In Figure 9, the gun 48
is shown elevated to the firing position by the elevation hydraulic
cylinders 44, with the spades 56 and thel3ecoil plate 58 sunk into the
ground. 13 In this enbodi nent, the main wheels 24 are angl ed out to about
57 degrees from the centre line of the main chassis 12, and to the centre
line of the gun barrel when that is nounted. This angle varies according

to the length OfIntthB effitiotlingergUthe aain whgks 2arandglet eut teaboutv Tadlgraes senbl i es
20. It is general bet ween, 45 and 90 degrees, npst usual I%/ 5 between 50
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plate, with mninmmground resistance. For a howmtzer the nmain chassis 12

woul d typi cetdtipntbegbveenthe meigirhagsis |2 gidifbe baserplate$6. zmh@egieeﬁs, thetxesiof thet o

t he base pl e 16. .Th ed on.t a
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causes the chassis 12 to rotate as it pivots about the base plate 16 bot h

wheel s kbt ot mpin wheelnes s sptatein aypare reletivede tapivetaoisof thedrpse plate with
rotating. TI'it uﬁ%&g histalCe. f@dr%hh‘tf%&kﬁhgﬁ} ﬁ}%%i? fté ﬁtg{} e i O

traversing t cause the el's are re of the
traverse thmmugzuﬂptbpmsfmeSMageasrdammntmemepmld.he sanme di stance of
traverse for the wheels as for the gear nechanismtranslates into a

smal l er angle of traverse. Thus, finer adjustnents are possible.

Addi tional Iy, beppuise 49'8 niBRRERM thé fralie aegifﬂzgydaoet ]ﬂ%@%ﬁ%ttotﬁ,'n hub

notors, the accuracy of novenent of the s and esp

m ni nun3 nowmemsdodyichangssthe atngkrosf tlye gmir}dshe ngm¢ hmoypts Jibb rntovta;neﬁmf thé frent

adj ust ment Smglfn v%ﬂe%i/s%f to tP{eeleﬁ or ng{# Causes the chassis 12 to rotate as it pivots about the
base plate 16, both wheels rotating in generally the same direction, rather than counter-
rotating. The movement of the main wheels 24 is thus the mechanism for traversing the
gun. Because the wheels are further from the centre of the traverse than with the former

20  gear driven traverse, the same distance of traverse for the wheels as for the gear

mechanism translates into a smaller angle of traverse. Thus, finer adjustments are
possible. Additionally, because the movement is achieved by way of hydraulics in-hub
motors, the accuracy of movement of the wheels and especially of the minimum

movement is good, thereby improving the possibility for fine adjustments of traverse yet
25  further.

Moreover, because the front end of the mobile gun carriage 10 is closer to the
ground and the rear end of the mobile gun carriage 10 is on the ground during firing, this
results in a low cenfre of gravity, providing improved stability during firing.

30

The wheel adjustment process of the wheel assemblies 20 to transform the mobile

gun carriage 10 from one mode to another is now described with reference to Figures 4,

6, 8 and 10.



Mor eover, because the front end of the nobile gun carriage 10 is closer to
the ground and the rear end of the nobile gun carriage 10 is on the ground
during firing, this results in a low centre of gravity, providing inproved
stability during firing. 30 The wheel adjastnment process of the wheel
assenblies 20 to transformthe nobile gun carriage 10 from one node to
another is now described with reference to Figures 4, 6, 8 and 10. 14
Figures 4 and 6 show the wheel assenbly 20, with the wheel 24 in a tow ng
and self-propelled node respectively. Assum ng the nobile gun carriage 10
is in the towng, node initially, the wheel assenbly 20 is positioned such
that the suppor tFigkieséeangs Si&ﬂ‘ﬁ t%e Vheel assspdhs? b ity the pdsel ZAgn atpwig and
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wheel 20 noli2ing frame 22. The support nenber 62 and the wheel 24 are

pushed round until the first locating hole 88 on the |ocator plate 86 of
t he wheel assenbly nount 64 is aligned wth the third (self-propelled)

POzt o 18, 10, Al RO IR 8ot oot SR 10

15 self-propelled mode, the suspension cylinder 70 is retracted. This causes the wheel 24 to
be pulled upwards relative to the chassis 12. The suspension cylinder 70 continues to
retract until the wheel 24 is completely lifted off the ground and the front end of the main
chassis rests on supports (not shown) on the ground. The locking pin 102 is then
removed. This allows the wheel assembly mount 64 to pivot freely on the wheel

20  mounting frame 22. The support member 62 and the wheel 24 are pushed round until the
first locating hole 88 on the locator plate 86 of the wheel assembly mount 64 is aligned
with the third (self-propelled) positioning hole 100. The locking pin 102 is inserted
through the first locating hole 88 and the third positioning hole 100 as shown in Figure 6.
This locks the wheel assembly 20 in the self-propelled position. The suspension cylinder

25  701s then extended such that the wheel 24 is lowered onto the ground. The suspension
cylinder 70 continues to extend lifting the front end of the main chassis 12 off the ground
until the desired height for driving is obtained. The extension and retraction of the
suspension cylinder 70 serves to adjust the height of the front end of the mobile gun
carriage 10 as well as to lift the main wheel 24 above the ground. The rear support

30  wheels 32 are rotated downwards until they touch the ground and lift the rear end of the
base plate 16 and thereby the rear end of the main chassis 12 off the ground. The mobile

gun carriage 10 is now in the self-propelled mode.



This | ocks the wheel assenbly 20 in the self-propelled position. The
suspension cylinder 25 70 is then extended such that the wheel 24 is

| owered onto the ground. The suspension cylinder 70 continues to extend
lifting the front end of the main chassis 12 off the ground wuntil the
desired height for driving is obtained. The extension and retraction of the
suspension cylinder 70 serves to adjust the height of the front end of the
nobile gun carriage 10 as well as to lift the main wheel 24 above the

ground. The r earFiguie@os tn ZdmudaeetiswdT tlwmaimwhaisﬁﬂml@wmﬁpropﬂldd médeey
t ouch the gél?und and lift the rear end of the base E?f‘ite 16 and t hereby
the rear enth%YPPREmeRLST eharduspansiosraylinge 1Grafeash wirerd afrspible20 giiend

carriage 10 én%raﬂ??!ﬁfaﬂeftg%ngﬁ!eiér{aﬁﬁg%bte&éi% miin bl & Jnfie Q. | SOMRL TS €

vi ew of the main assis 1 e self- e support nenber
62 and susmmpwlted nogdel theduub Aibtak deac thevhaelwlesks@dbhljovifg éxtracislle gmner al |y

parallel_ to and b@yond the.front end of the main chassis 12. In the self
propel | &d nGHeeee 1 9dO mAYe 0Bl r i ve the main wheel s 24, allowing the

mobile gun 5 carriage 10 to nove on its own. Figure 10 is a flowhart
showi ng the sequence of steps to transformthe nobile gun carriage 10 from
t he sel f - propel | Biguieddds a dlowebart shawing thedequenné of stepsyto dtansfhem dteanobilest ep,

5. 1na 1o et Hubthe Sifatobetfe B e o Rl Al B oo

away from tdiep, Heusbile fh cabier1®ds uiMﬂ@@élﬁ enédembaé BPdhoWRMA Feksre $ Nty 4 ear
end of the base plate 16 cones down onto pl'?%e ground, in step S204. The

pai r of0s paliststeanS2(2a e TBREUPPRIT Whcels 32nrerumed 3pwardd 2Ry figm thﬁmmél dtse 16
| odge themﬁgyﬁwh@ggag% SRR MwaldCa3 SRS bPhHIL AURTTS b bR avm onto

retracted, in ste causin ron mal n- whe
upwar ds relthe gmmnﬂ,cm stp 82106 ThE pait béismidss ﬁ.eadﬁpxﬁtr&@ln@%&l th%h&:%ndbﬁﬂﬁl on

cylinder 7Q stops r.ac when the frqnt wheels 24 are conpletely
lifted of f 2a§ePp Feo{ﬁemlad&“n %‘V?Selemﬁ © groyp aﬁéeS‘éﬁ?eWé?Mﬁ det§e/0 &% ont " end of

the main chagssiisd %steﬁgéo@r&am%%m%%@maﬁ{wﬁée@@z@%% 1B ub BEKL gﬁ%tﬁ}erl 102

is renmoved. The wheel assénbl unt 64 can 20 now vot free
wheel niduntthemair clrassi@ 22. }Khaels 6% the svepdysion@Flindat mh&)pmaﬁdntxﬁg whee theushed

round to al frgnq th@glszIAlra% coln?p gtteiynlgﬁe Oc'a th%Bgrgurhdt hﬁ tf’lt—? r%%g plaPe 538t gs \%gll\{ams :[chhe

front end of the main chassis 12 rest on the ground.

At step S210, the locking pin 102 is removed. The wheel assembly mount 64 can
20  now pivot freely on the wheel mounting frame 22. The support member 62 and the
wheel 24 are pushed round to align the first locating hole 88 on the locator plate 86 with
the second (firing) positioning hole 98 at step S212, as shown in Figure 8. The locking
pin 102 is inserted into the first and second locating holes 88, 90 and the second
positioning hole 98 to lock the wheel assembly 20 in place at step S214. The suspension
25  cylinders 70 are then extended slightly, to lift the front end of the main chassis 12 off the
ground, at step S216. At this point the mobile gun carriage 10 is now in the firing mode.
The mobile gun carriage 10 can now be traversed to the required position and the gun

itself raised to the required elevation, loaded and fired.

30 In the self-propelled mode and during transition to the firing mode, the power to
the wheels and actuators is derived from the gun system engine. During gun laying the

engine 1s still used to elevate the gun and may also be used for the initial traverse.



the second (firing) positioning hole 98 at step S212, as shown in Figure 8.
The locking pin 102 is inserted into the first and second | ocati ng hol es
88, 90 and the second positioning hole 98 to | ock the wheel assenbly 20 in
pl ace at step S214. The suspension 25 cyjd nders 70 are then extended
slightly, to lift the front end of the main chassis 12 off the ground, at
step S216. At this point the nobile gun carriage 10 is nowin the firing
node. The nobile gun carriage 10 can now be traversed to the required

posi tion anHowbeergifier clel stelgf the gins @l the ifikel tr-Rgse tiedergiRMabiithed|ogpalrich and
fired. 30 In the self-propelled node and during transition to the firing
node, the p@ﬁéﬁmﬁbm1Fﬁ£“Mﬁ€€¥§“dﬁﬁnaﬂpﬁﬁﬁéﬁﬂﬁq%ﬁ@@m@Ved fromthe gun system
engine. During gun laying the engine is still used to elevate the gun and
may al so be used for the initial traverse. 16 However, after elevating the
gun and the i ni tFiglretllayarsskerhdtie daghmefiaa istegtackiemndifingand drividg spserar i s
used to power .the in wheels for fine adjustpent, Figure 11 is a schematic
di agr amﬁf Vﬁﬁﬂ%tg@gﬁawéa lﬁutﬁeléi}‘fgﬁﬁ’ogﬁdﬂ@r Toiatiog gf/éheeﬁﬁpm gapy, Whsgls geh 18
laying in tagubhied BYsERAR a Y4H8bIALRE }b@aﬁ& fda_e:oftwgzt ({f?’i%}lﬁ.‘é‘@'ﬁgo@sg& {Ge

controlled by shifting a“variabl e speed joystick 1 t or right.
The joysti cis el€rically ooheeted tad liystcnmbygdredlic pump fli06swithihithe ehgide aud ithe punp

106 within th i t he. , hydr aul i |s 42, .which i d b

the bC ot ol eresied epBnd2¢ Phish i @oPried By BE MG Sidter pQiIoroRe frt Mk snd.

second mai nhydhagic ﬁugﬁp 008 & firsl @84 sdebBd REAY e8] RibNBobPs 08, UIbRHMdELHRY | On
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of the main wheel during gun laying. The oil flowis distributed by an
hydr aul ¥& nedinstiopef retetion pf fhengaig atiecls 24 shring gyn laying cBrrioil Howris distubmped 14
s powere i ]e. I | ne.q W thin e.engi.ne and, the
nydr ol cs L EReVGRRE D £7] DBAE Shb-BRth i Robd o M e &

Agai n the hysivered iby el mobile RuaVéaeske endihe Withinntheoérgidd8nd 12O hyidamlibe
hydraulic manifold 112. 15 The hydraulic nmanifold_ 112 has val ves that .

i nterlock t#MOEd:iwdehbegoaRokaf the divepdingtiogs dhe hern M hglradis ethas
provi si on

' . . t 108, 110,
punps 106, rfgidg%gfftﬂ}glghﬁgnc?trt%II?g’mngrﬁ%ﬁeé&%%ﬂlgggmc%ﬁggtg([j) ?(r)s provi de a

hydrostEtic drive function. Upon engaging a directional switch for either

The hydraulic manifold 112 has valves that interlock the function between self-
propelling and gun laying and the provision of oil from the two pumps 106, 114. The
wheel motors 108, 110, pumps 106, 114 and the hydraulic manifold 112 are connected to
provide a hydrostatic drive function. Upon engaging a directional switch for either

20  forward or reverse, oil is directed from the pumps 106, 114 to the wheel motors 108,
110. There is no clutch in the system. The speed of driving is determined by depressing
the accelerator pedal when self-propelling. The speed of the initial traverse using the
engine is also determined in this way. The mobile gun carriage 10 comes to a halt by
stepping on the brake pedal. The speed of the traverse using the DC motor is determined

25 by the degree of operation of the joystick 104. When the engine and DC motor are
switched off, the oil pressure is released from the wheel motors, which automatically

frees the main wheels 24 for towing.

In the above embodiment, the swinging of the main wheel assemblies 20 from

30  one position to the other is achieved manually. This is a preferred option where there are
weight concerns. However, the operation can be achieved automatically, by way of
additional actuators, for instance hydraulic cylinders, if so desired. Likewise, in the

above embodiment, the flipping of the support wheel assemblies 30 from one position to



20 forward or reverse, oil is directed fromthe punps 106, 114 to the wheel
notors 108, 110. There is no clutch in the system The speed of driving is
determ ned by depressing the accel erator pedal when self-propelling. The
speed of the initial traverse using the 12ngine is also determned in this
way. The nobile gun carriage 10 conmes to a halt by stepping on the brake
pedal . The speed of the traverse using the DC notor is determned 25 by the
degree of operation of the joystick 104. \Wen the engi ne and DC notor are
swi t ched offhe dthe Bi hchisved stamallg. r'ehieds edpiaf@rad bgtioshedkrenthiery sre Whighh
automatically frees the main wheels 24 for towng. In the above .

enbodi nent qu}‘féméwﬂ?g‘f NG & daep geqrtiersopsarin-handbing [of dhe gen systsm. fopinstace
position t : i i I 18041 f i

Rhere ther LRk Sfin oh (RERLTHAR SORVER e plasial 16 PEPhE LRAEE% aRbL IR,

aut omat i cal $uppothywheals 3 to mdvek to theabiset buliveral pésitionsn sA gait ehé peratibn of

cylinders, Jf so desired. Likewise, jn.the. above enbqdinent, the flippin
of the SuppiFte SRBRR WHEeks N PSSRV ed BromRical¥bY MaH O GOTRORHCHESs. 1PE
achi eved I’Yaﬂlgﬁh&é/hyd}hﬂﬁ Ciyﬁn@ergriggoedersﬁgd_opti on where there are wei ght

concerns. However, it doés require sone man-handling of the gun system for
instance by pulling down on the gun barrel 50 to |lift the base plate 16

of f the ground t Ll ow the .suppqrt, wheels 3 0 nmove to.the raised ar
over 60 posi o1 onth Pge AEerbRBMuiaRT S oty L MR AR po85e
achi eved aurmg,bsﬁwneelsl@ynmyb@fmaa@ﬂﬁfdygaéd_act uators, for instance
hydraulic cylinders, if so desired. In the above described enbodi nent, it
is onl qu he main wheels that are powered. The support wheels can al so be
powered if desirgda. 1 21aho ’%ﬁ i ! ] t.end of
t he mai n chassi sﬁlgiei %OIVPO(%I?E‘%%E}%QO%{{?% t gﬁtg%ﬁfgwgﬁwgfﬁ FL%?%%S%& eé%|
assenbl i es REvetsml betostivngoumt to atlowf e ensinpwhed] i BREnblies 200 talbk eswnaigi neo
enbodi nent, jacks are prqvi ded below the front end of in chassis 12.
These are o %HO%l%OfEei‘ba?ﬂ erpatgg enahpdinpent, JgeksALe ﬁroafrﬁsgiaeg’ﬁ%ﬂeﬁ@%w t he
ground duri pgme haRg tREsiah2! NGcBDAE Dpelafbddo kD HRIfréH: Rl Rt RaiR BRI STRNT |
the wheel assenblli es zsalre pl’O\?i ded%\%ietahou{J théa actuators 70e aﬁﬁ sg%h | acks
are useltb t ooffithi¢ gtobrd during changing of the modes. In a further alternative embodiment, the

wheel assemblies are provided without the actuators 70 and such jacks are used to lift the
front end of the main chassis 12 off the main wheels, to allow hem to be swung between

positions.



front end of the main chassis 12 off the main wheels, to allow hemto be
swung between positions. 18 CLAIMS 5 10 15 A nobile gun carriage for
nounting a gun, the carriage conprising: a chassis; and a plurality of
first wheel assenblies nmounted to the chessis, each first wheel assenbly
conprising at |east one first wheel; wherein the gun carriage is operable
in at least a first, driving node for driving the gun carriage and a
second, firing node for firing a gun nounted on the gun carriage; and the
first wheel assenblies are operable tcihgM®sitioned in at |east two
predeterm ned positions in a first plane, relative to the chassis, a first
position for driving the gun carriage on the first wheels in the driving

mode and a gecond  POgigidiQ ol MHaEE M FAS 3l gtin| e CRREADL SR aver se on
V\i (?IEI g ngde, g ucﬁ?er%

the first eels, in the rin or armTg a gun t he gun
carriage. 2. A nobil eadussigandi age for nmounting a gun, the carriage

conprising: a chassis;, and t first wheel. assenblie unt ed t he
chassi sg;t opposi ng st pfaEligy o rﬁ'bwﬁ?ééﬁe@?’ﬁl%@%‘?tﬁ fotf © SS‘tgh%'icﬁ%th wheel

assenbl i es CONPri,E&s asséMbfy iRy AR e B8 Reel; i Wikeiiheel rotatably
nount ed on the support neriber; wherein the support nenber is nounted on the

chassis, with the firthe gwhestiagpiaopdrablerinat kehe adhsts diiwing arde tforadrsumgdet
T g GBSk bbbl TR S S o0 ™
carmnage; and
10 the first wheel assemblies are operable to be positioned in at least two
predetermined positions in a first plane, relative to the chassis, a first position for
driving the gun carriage on the first wheels in the driving mode and a second
position in which the chassis is operable fo traverse on the first wheels, in the
firing mode, for aiming a gun mounted on the gun carriage.
15
2. A mobile gun carriage for mounting a gun, the carriage comprising:
a chassis; and
two first wheel assemblies mounted on the chassis at opposing sides of
the chassis, wherein both of the first wheel assemblies comprises:
20 a support member; and
a first wheel rotatably mounted on the support member; wherein
the support member is mounted on the chassis, with the first wheel spaced
from the chassis; and
the support member is mounted to pivot relative to the chassis in a first
25 plane and in a second plane generally orthogonal to the first plane, to move the

first wheel in the first and second planes.

3. A mobile gun carriage according to claim 2, wherein the first wheel
assemblies are operable to be positioned in at least two predetermined positions
30 in the first plane, a first position for driving the gun carriage on the first wheels in
the driving mode and a second position in which the chassis is operable to
traverse on the first wheels, in the firing mode, for aiming a gun mounted on the

gun carriage.



first wheel in the first and second planes. 3. A nobile gun carriage
according to claim2, wherein the first wheel assenblies are operable to
be positioned in at |east two predeterm ned positions 30 in the first

pl ane, a first position for driving the igun carriage on the first wheels in
the driving node and a second position in which the chassis is operable to
traverse on the first wheels, in the firing node, for aimng a gun nounted
on the gun carriage. 19 4. A nobile gun carriage according to claiml or

3, wherein the driving node is a self-propelling node, in which the gun
carriage is operable to propel itself. 5 5. A nobile gun carriage

accordi ng tb cl ai m 1,Amaebile gun Gargiags wwr@n@mla@h} Py Hggherain giedrHing i n at

| east a third, f " [ ch the
gun carriage is ﬂ(‘)l%&e%]lgblsglf P%en{égag%fj “%ﬁ%hﬂz %‘g{) eé%ul% éa;%lfgg%egg%cor di ng
to claimb5, wherieself. t he first wheel assenblies are further operable to be
positio%ed inathird predetermned position relative to the chassis, for

driving-the gun carriage in the towing node. 7. A nobile gun carriage
according t9 clai m 6, 5 Waiieioln bAGiakt s&brithe®) Gaiftl £ 3 &51 Mﬁ%ﬂ:‘ﬁgth%rg%”d
between the first and third predet@rm ned positions. 8. A nobilé gun
carriage accor dlomgflm ltb}mrahlmrmt Igast a\ﬂmdeﬁmhtehén‘dngqug wimoll &5 4 wvwang owi ng
node, in Whlchthed Béfh els erabl 9 eto d 20 9. A nobile gun
carriage accordfﬂ% ﬁv e eﬁﬁoqﬂ% 8 '%°% mherein the first

wheel s are general |y paraIIeI to each other in the dr|V| ng node. 10. A
nobi | ea]ggn carriage according to any one of clains 1 and to 9, wherein

the ch S-has a nmi/hmebils gingarrigee aqepg-‘zm&mefém'a%s@mmé@ figsewheaher al |y 25
llel to th
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at an angl e to eahtivetdhe chassishier Htivinggha@decarriage in the towing mode.

7. A mobile gun carriage according to claim 6, wherein the first wheels are
15 turned around between the first and third predetermined positions.
8. A mobile gun carriage according to claim 1 or 3, wherein the driving

mode is a towing mode, in which the gun carriage is operable to be towed.

20 9. A mobile gun carriage according to any one of claims 1 and 3 to 8,

wherein the first wheels are generally parallel to each other in the driving mode.

10. A mobile gun carriage according to any one of claims 1 and 3 to 9,
wherein the chassis has a main axis and the first wheel assemblies are generally

25 parallel to the main axis in the first position.

11. A mobile gun carriage according to any one of claims T and 3 to 10,

wherein the first wheels are at an angle to each other in the firing mode.

30 12. A mobile gun carriage according to any one of claims 1 and 3 to 11,
wherein the chassis has a main axis and the first wheel assemblies are at an angle

relative to the main axis in the second position.



30 12. A nobile gun carriage according to any one of clains | and 3 to 11,
wherein the chassis has a main axis and the first wheel assenblies are at
an angle relative to the main axis in the second position. 20 13. A nobile
gun carriage according to any one of claigms 1 and 3 to 12, further
conprising a plurality of second wheel assenblies, each second wheel
assenbly conprising at | east one second wheel; and wherein the second wheel
assenblies are operable to be positioned in at |east two predeterm ned
positions, E3.5 first posiHile@inkamiagé hatording feangme @tlaimge and3 tdhe2,second
wheels in the driving node and a_second posjition in which the second

wheel s are remoVEhet OmPrsBIgAREralliY 9f serndgihnshessemblissecachseerndiviesl 14, A
mobi | e gun carri ARG eeHIHNe bPieA bno BRoRE whedl Bk v 0
further conprising a gasegpﬁage gpergg%mto beab%gtP%E%Jﬁ?%&gﬁéwggét t wo
predet er mi ned possémidies areeoferatdd topegiositioned ai & éehsttvoveeddtangnaipditions,tahe
driving _ node and a secon osition in contact, with th round,.i.n the

111 ng riode. - 15, LAl PRSUIAROE 56 8 B a8 P M FeeORE T B TABE g
wherein the 15 phae Ald 4 scoid SRGRAAnWNEE] the &R MWHRSIS Af ErefRVAT noON the
base plate. 16. A nobile gun carriage according to claim 14 or 15, wherein
the base plate qontasbwithéle frowehintthe isnghwdsi s. 20 17. A nobile gun
carriage according to any one of clainms 14 to 16, wherein the base plate
is rotatable relative to the chassis. 18. A nobile gun carriage according
to claim 1714 wher ei n, Ainfobileguhickiriage BRAeing td@ynedfefaihdeahd 888 1pheel s lie
substantially along radii_ extending out fromthe 25 centre of rotation

bet weent® he chasrtBergompristgndnse plata eperable todenssitionedjirat degsttwege accor di ng
to any one of clai . Wﬁ i N} LT .o _points
of contact bet en&%ﬁ%%ﬁ%%%%orj?ﬁmgn’ lﬁ*eﬂ)gsﬁt%b“ II%Ia%rg(} ?%({d)gq%o%ﬁg% Hc}ﬁ © tﬁﬁgﬂgase

pl ate and t he fimede mhicedesonBpbositihn iA condact weitlgthe geaundiiage: tgpmddelg t o any
one of the preceding clains,

15. A mobile gun carriage according to claims 13 and 14, wherein the
15 plurality of second wheel assemblies are mounted on the base plate.
16. A mobile gun carriage according to claim 14 or 15, wherein the base plate

is mounted beneath the chassis.

20 17 A mobile gun carriage according to any one of claims 14 to 16, wherein

the base plate is rotatable relative to the chassis.

18. A mobile gun carriage according to claim 17, wherein, in the firing mode,
the axes of the first wheels lie substantially along radii extending out from the

25 centre of rotation between the chassis and the base plate.

19. A mobile gun carriage according to any one of claims 14 to 18, wherein in
the firing mode the main points of contact between the ground and the gun
carriage consist of the base plate and the first wheels.

30
20. A mobile gun carriage according to any one of the preceding claims,

wherein the first wheels are powered.



wherein the first wheels are powered. 21 21. A nobile gun carriage
according to claim20 when dependent on at least claiml or 3, wherein the
first wheels are powered by way of an engine in the driving node and by
way of a separate nmotor in the firing notle. 5 22. A nobile gun carri age
according to claiml or any one of clains 4 to 21 when dependent on at

| east claim1l, wherein the first wheel assenblies are operable to nove the
first wheels, relative to the chassis, in a second plane generally

ort hogonal 2 the firAtmgiilenen cifiagdacobrdindtd daigul0 ohen dggadanoandieag t o
claim 22, mhereiq_each of the first wheel assenblies further conprises a
support menber, Clg#t hor ?rewlfqr?lgtth%ﬁ%wh%% HEROPFTRGUHY BHOIGH sogedn fisor t

menber; wherein J H¥6 js, with the
first wheel spac%gﬁngggﬁ?%%%ﬂgﬁgggfg?ean @%§H¥E§tsupp téﬁinber i s nmounted

to pivot relative to the chassis in the first and second planes. 24. A
nobi | e n rriage according to claim2, 3 r. 23 or _an .of claims 4
Lo 21 when Hopendent SrickilensirpeapHosling nsleht CREnCUlsg AAREARRAD ar o
20 el ongat e haviRgerpddpehddnt 678 RAH cRif ¢ RREB e fRAWHBEbdRlesWheel s are
nounted at the first "ends of the support nenbers. 25. A nobile gun

carri age accor di engrabde o movn the figst wigelsyreldive to thayghensis, ivfa secorad plened t o 21
when dependent op, at 1I east cl fgt negz vvhfrei n each first wheel 25 assenbly
furt her conpri ses g 4y QLPoggnalic e SRy nt nounted on the chassis to
pivot in the first plane. 26. A nobile gun carriage according to clains 24
and 25, wherein the second ends of the support nenbers are pivotally
nmount edl®bn %heel assefiinspilkEyRCcariage agording b clpm 2hevhgsdinnd pl anes. 27. A

any one of ol mea ¢ SegpPiRl il 0hu R, Gk Tonrish oot siucl, o)
with the first wheel rotatably mounted on the support member; wherein
the support member is mounted on the chassis, with the first wheel spaced
from the chassis; and
15 the support member is mounted to pivot relative to the chassis in the first

and second planes.

24, A mobile gun carriage according to claim 2, 3, or 23 or any one of claims
4 to 21 when dependent on at least claim 2, wherein the support members are
20 elongate having a first end and a second end, and the first wheels are mounted at

the first ends of the support members.

25. A mobile gun carriage according to claim 2, 3, 23 or 24 or any one of
claims 4 to 21 when dependent on at least claim 2, wherein each first wheel
25 assembly further comprises a first wheel assembly mount mounted on the chassis

to pivot in the first plane.

26. A mobile gun carriage according to claims 24 and 25, wherein the second
ends of the support members are pivotally mounted on wheel assembly mounts to

30 pivot in the second planes.

27. A mobile gun carriage according to any one of claims 2, 3 and 23 to 26 or

any one of claims 4 to 21 when dependent on at least claim 2,, wherein each



22 wheel assenbly further conprises an actuating neans for pivoting the
support nenber in a second plane. 28. A nobile gun carriage according to
claims 26 and 27, wherein a first end 5 of each actuating neans is
attached to a first end of a support nmemger and a second end of each
actuating neans is pivotally nmounted on a wheel assenbly nount to pivot in
a second plane. 29. A nobile gun carriage according to claim27 or 28,
wherein the actuating 10 neans retract or extend to nove the support

menbers in the seheddssemdhefirthdOconfbrivedin Sct@ifiigGadans 8GIARRIQNEE APpbe any
one of clainms 2 and 23 to 29, or any one of clainms 3 to 21 when dependent
on at |east cl ai®emberifarsgeondiddesecond pl anes are general ly vertical. 15
31. A nobile gun carriage according to any one of the preceding clains,
wherein the first plane is generally parallel to the plane of the chassis.
32. A nobi I 28.gun car r AagsbileGuardiriage hacoeding o daigns 28 ad 29¢ ehedingfifsoerhy one
20 of the clainms 4 to 31 when dependegt on at least claim1l or 3, wherein

the first wheel HSSERBIPYYETIFAIAL2 toSIPlGIRIH G SHRRATSFBPE] 4 ng t he
first wheel ass&mdaﬁ&feaa%&&&tﬁg RS isqhivdiify Abunash oWRCPILdRbIG" M ned

positions. 33. A nobile gun carriage accordi ng claim1l or 3 or acCcording
to any one 25 ohoubido pivak msa gecoud Blanehen dependent on at least claim| or
3, wherein the at |east two predeterm ned positions are at predeterm ned
angles relative to the main axis of the chassis, in the first plane. 34. A

nobi | e gun parriage aﬁmﬁiegyntcmg@hmo%diﬁgt&d% 2T 6038 rdiR R nansg 30
of the clains 4 to 33 when dependent on at |least claiml1l or 3, wherein the

first WMheels suppustreirans oneitendgeirgene the suppertguembess in thgsedond phaesr i vi ng
node. 23 35. A nobile gun carriage according to any one of the preceding
clainms, arranged such that the first wheel assenblies are at the front end
of the chas®.s, A mobile gun carriage according to any one of claims 2 and 23 to 29, or

any one of claims 3 to 21 when dependent on at least claim 2, wherein the second
planes are generally vertical.
15
31. A mobile gun carriage according to any one of the preceding claims,

wherein the first plane is generally parallel to the plane of the chassis.

32 A mobile gun carriage according to claim 1 or 3 or according to any one
20 of the claims 4 to 31 when dependent on at least claim 1 or 3, wherein the first
wheel assemblies further comprise locking means for locking the first wheel

assemblies at selected ones of the at least two predetermined positions.

33. A mobile gun carriage according to claim 1 or 3 or according to any one
25 of the claims 4 to 32 when dependent on at least claim 1 or 3, wherein the at least
two predetermined positions are at predetermined angles relative to the main axis

of the chassis, in the first plane.

34. A mobile gun carriage according to claim 1 or 3 or according to any one
30 of the claims 4 to 33 when dependent on at least claim 1 or 3, wherein the first

wheels support the main weight of the gun carriage in the driving mode.



being the nmuzzl e end of the gun carriage when a gun is nounted thereon. 5
36. A nobile gun carriage according to claim35 when dependent on at | east
claim 14, wherein the base plate is provided at the rear end of the
chassis. 37. A nobile gun carriage accorzing to claim 35 or 36 when
dependent on at Jleast claim1l or 3, wherein, in the driving node, the
first wheels are positioned in 10 front of the front end of the chassis.
38. A nobile gun carriage according to claim35 or 36 when dependent on at
| east cl ai 3%, wher ei Amdbiletgha ch@ia'gﬂgcdmﬁﬂg tdyfonesif thehrededirgr daiprsi t i oned
to the rear of the front end of the chassis. 15 39. A nobile gun carriage
according to cl aFAEsd sughdhatithe first Y"h%e@é‘iembhﬁﬁ g et fedtprieetof theghassisst

mobi 1 & gun carri S0 eehrat of e R Bk VIR ouR R, 001

the firing node, the first wheels are positioned are positioned to the rear
of the 5froigst end of the chassis..41. A b|| %%b# rr| age accord to
or any oftdYrlegincagiage perordiag yept H@elﬁﬁné‘f ‘3f‘1 ast

claim1-or
claim1l or 3, whaggi v, idrdif refabé ?Hterfggﬁm&eﬁ%t fnerréér éﬁﬁ%?'tlfe Ha&iang! ed
between 45 to 90 degrees relative to a main axis of the chassis. 42.

nobi | e gun system conprising a nobile gun carrlage accordlng to any one of

t he precedi clainms, ,with a gun nmou r

e o e bR ot o p e B AR A SR I A8 358 S G Rnad B0,
transformng a nekdtlcRidUrorSy sherid, ﬁlomeamdmgvm@& ﬂﬁcﬁsﬁ\ﬁhe%ls érebbﬂﬁoﬂeadﬁ, t he
gun system conpri Si @g a nobile un carriage with a gun nounted thereon,

the guni®arri agefres Ithesfrfngeade tgshassisnd a plurality of first

38. A mobile gun carriage according to claim 35 or 36 when dependent on at
least claim 4, wherein, in the towing mode the first wheels are positioned to the
rear of the front end of the chassis.

15

39. A mobile gun carriage according to claim 38, wherein in the self-

propelling mode, the first wheels are positioned in front of the front end of the

chassis.

20 40. A mobile gun carriage according to any one of claims 35 to 39, wherein in
the firing mode, the first wheels are positioned are positioned to the rear of the

front end of the chassis.

41. A mobile gun carmage according to claim 1 or 3 or any one of claims 4 to
25 40 when dependent on at least claim 1 or 3, wherein, in the firing mode, the first

wheels are angled between 45 to 90 degrees relative to a main axis of the chassis.

42. A mobile gun system comprising a mobile gun carriage according to any
one of the preceding claims, with a gun mounted thereon.

30

43. A mobile gun system according to claim 42, being a howitzer.



wheel assenblies each conprising a first wheel, the nethod conprising:
raising the first wheels off the ground; swinging the first wheel
assenblies relative to the chassis to positions where the first wheels are
angled relative to each other and relati2de to their direction in the
driving node; and lowering the first wheels to the ground. 45. A nethod
according to claim44, further conprising lowering the chassis to the
ground prior to raising the first wheels. 46. A nethod of traversing a

mobi | e gun &ystem i n Aniethiddngf tranefdrminges gobile dun syyteineiora ampivigg medetorobi | e
gun carriage wth_a gun nounted thereon, the gun carriage conprising a
chassis and a pllifng mege, dhe gun systep) OIS EEA I Pk SWHERIage T # 8¥hg a first

wheel . the T Stmdhife] hehohile QRALEHaEELAbind PoRBGD R DBriilor iy 2 MBI 1

axis of the chassrs, e ne onprrsing. traversing t un” and t he gun
carriage on sai dwhéeel s¢semhBed enchyomdprising g fir@ vimal, thefrhethod vdmepdisngl ong t he
ground in the sane rotatiopal. directi A nmet hod according to any

25 47.
one of Clains 44 to 4@SIMgHAT 8fshwhe Sf’ﬁtgh?g‘foluﬁ' node, the first wheels are

angl ed between 45 t o QYnHBHHRES I Whét hiBmbRePrelHilE tPthb Shas th BEsiGHRSSI S-
48. A nethod according to any one of clains 44 to 47, wherein the gun

systemis as defwherd thefirsl whenlsie angladrelative to each other and relative to their
direction in the driving mode; and
lowering the first wheels to the ground.
10
45, A method according to claim 44, further comprising lowering the chassis

to the ground prior to raising the first wheels.

46. A methed of traversing a mobile gun system in a firing mode, the gun
15 system comprising a mobile gun carriage with a gun mounted thereon, the gun
carriage comprising a chassis and a plurality of first wheel assemblies each
comprising a first wheel, the first wheels being angled relative to each other and
to a main axis of the chassis, the method comprising:
traversing the gun and the gun carriage on said first wheels by driving

20 said first wheels along the ground in the same rotational direction.

47. A method according to any one of claims 44 to 46, wherein, in the firing
mode, the first wheels are angled between 45 to 90 degrees relative to a main axis
of the chassis.

25
48. A method according to any one of claims 44 to 47, wherein the gun

system is as defined in claim 42 or 43.



