17 AUG 2004 1 MOBI LE ARTILLERY SYSTEM Field of the invention 5 The ptadwhi004
I nvention relates to a self-propelled nobile system Although for

conveni ence, the description describes such a systemthat includes an
artillery gun, such as a howtzer, nnuntqd onto a vehicular platformfor
rapi d depl oynent in the battlefleld It should be appreciated that the 10

I nvention need not include such an artlllery gun. In particular, the system
is |ightweight and nmaneuverabl e. Background of the invention 15 The
energing trend in today's battlefield is to enploy a rapid depl oynent

force, which is lighter, noMOB ¥sSYS8FEMdent on logistic tails.

A highly agile and capable force nust be sufficiently versatile to sustain
a high operating tenpo and defeat the opponent with mninmum]|l osses. They

must then e tSvdi@aht | ON, re-focus and execute subsequent m ssions
agai nst Z(ﬁ%{%r@m_? enpl oying asymmetric neans. Currently, artillery
support 5bri gades operate large artillery weapons, such as how tzers which
are towed. ese ho zers are not integrate vehi ¢l.es by which
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lightweight and maneuverable.

Background of the invention

15 The emerging trend in today's battlefield is to employ a rapid deployment
force, which is lighter, more lethal and less dependent on logistic tails. A
highly agile and capable force must be sufficiently versatile to sustain a high
operating tempo and defeat the opponent with minimum losses. They must
then quickly re-position, re-focus and execute subsequent missions against

20 an opponent by employing asymmetric means.

Currently, artillery support brigades operate large artillery weapons, such as
howitzers which are towed. These howitzers are not integrated with the
vehicles by which they are towed but may have auxiliary power units that
25 are capable of propeliing them to a maximum speed of about 20 km/h on
paved roads and half that speed off-road. An example of such a system is.
the 155mm/52 calibre FH2000 self propelied howitzer, which consists of a
howitzer mounted with an auxiliary power unit (APU). These howitzer
systems are relatively heavy and may need to be supported by a tow
30 vehicle and ammunition supply train during long-distance operations. The
main problem with such equipment is its limited maneuverability, which




mai n probl emwith such equipment is its linited maneuverability, WAIAUA 20047
AUG 2004 2 largely depends on the tow vehicle and the ability of the

| ogi stics support train to re-equip. Loading onto fixed-wing aircraft is
also difficult due to its weight and bul,k and/or the need for it to be
towed into the aircraft. Other how tzer“systens may be tracked, but these
are unable to attain high 5 speeds of say, up to 80 kmih and are not
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whether in the air or on the ground. 20 It is also an object of this
i nvention to provide a field artillery systemthat has inproved
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Summary of the invention

It is an object of the present invention to provide a field artillery system that

15 has improved firepower, in terms lethality and accuracy.

It is another object of the invention to provide a field artillery system that is
mobile, both strategically and tactically, whether in the air or on the ground.

20 It is also an object of this invention to provide a field artillery system that
has improved survivability in the field of operations and which requires

minimal logistics support.

According to one aspect of the present invention, there is provided a self-
25 propelled mobile artillery system characterized by a lightweight space frame
chassis on which is mounted a large caliber artillery piece.

An artillery system in accordance with the invention has the advantage that
it is lighter, faster and more maneuverable than existing long range artillery

30 systems such as those discussed above.




-3 Preferably, the weight of the systemis |ess than 8,000kg, and thQ'TAUEZWL
artillery piece has a caliber of up to 155 nmm 52 calibre. Furthernore, It

is advantageous for the artillery piece to have a firing system which
includes an elevating and traversing masg_ and gun chassis nounted on the
space 5 frane vehicle having a wei ght which does not exceed 3,800 kg. In
the preferred enbodi nent, the system i ncl udes dual - purpose hydro- pneumatic

cyl i nders ' i ; | ' f ’ I
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ground. Front wheels of the systemare preferably nmounted on the chassis by
means of a nulti-link independent suspension system Advantageously, 20

each such aﬁsw?r@fér@asbﬁmddnﬁbﬁgeﬁeasgg@w-imeaﬁgd@l%ws
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of which has a spade on its free end, the outriggers being operable to
engage the ground with the spades embedded therein upon firing of the
15  artillery piece. This will result in the transfer of most of the recoil load to the

ground.

Front wheels of the system are preferably mounted on the chassis by
means of a multi-link independent suspension system. Advantageously,
20 each such suspension system includes a hydro-pneumatic strut, which
preferably utilizes nitrogen gas as a spring and hydraulic fluid as a damper,
connected to a suspension arm which not only absorbs both shock and
vibrations from the front wheels which arise during transit of the system and
counter-recoil forces which arise during firing of the artillery piece, but aiso
25 can have their length adjusted to vary the ride height of the system. This
has the advantage that the ground clearance of the chassis can be adjusted
to suit the particular terrain over which it is traveling and also to enable it to
be loaded more easily onto transport vehicles such as fixed or rotary wing
aircraft. A lower gun elevation can also be attained to enable the gun to fire
30 at a lower elevation angle. This will contribute to the direct fire capability of

the gun.



aircraft. A lower gun elevation can also be attained to enable the gyry Pﬂq 0
fire 30 at a lower elevation angle. This will contribute to the direct Ti @
capability of the gun. 1 7 AUG 2004 4 The drive of the systemis

preferably provided by a turbo-charged irhter- cool ed di esel engine which is
coupl ed to a hydronechani cal transm ssion.” One drive line, preferably the
rear wheel drive, nmay then be effected by use 5 of radial piston in-hub
notors in the rear wheels, which have the advantage that they provi de good
spatial configuration for nmounting the weapon platformand allow the

weapon recdllie teiveeoft thebsysteir js prefesdtdy pedvitledtine a turbostharged antesesul t,

there is a s Iier overal |l | oading onécre vehicl e tructure sq that
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drive nodes, to.suit the particg{)%réalft nd circunstances. O her

errain 15
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to the accarpany.i ndsdaardsulis therecks ia sosileatayeoait loddingh of the nvéhiClke

artillery systemincorperating.the invention. It is to be understood that
t he particﬁ"ét'rc Ltrﬁslft?‘ﬁﬂﬁﬂﬁ}eéﬁ%‘at%ﬁ%’dﬂq 3P IIPed description is not to be
under sygod as superseding the generality of the broad 25 description of

the invention as defined in the clains. )
Front wheel drive may also be provided by means of a hydromechanical

gearbox which drives the front wheels. A microprocessor may also then be
provided to enable drive modes to be switched between front wheel drive,
rear wheel drive and four whee! drive modes to suit the particular terrain

15 and circumstances.

Other improvements and advantages of the invention will become apparent

from the specific embodiment described below.

20 1t will be convenient to hereinafter describe an embodiment of the present
invention with reference to the accompanying drawings which illustrate one
form of a mobile artillery system incorporating the invention. It is to be
understood that the particularity of the drawings and the related description
is not to be understood as superseding the generality of the broad

25 description of the invention as defined in the claims.
ri ripti f th win

Figure 1 is a perspective view of a mobile artillery system according to one

30 embodiment of the invention.



Brief description of h win Figure 1 is a perspective view of a rmbi1l7eAUE 200
artillery systemaccording to one 30 enbodi nent of the invention. 1 7 AUG
2004 5 Figure la is a perspective view of only the space frane of the
nobile artillery systemof Figure 1 with all the other parts renpved.
Figure 2 is a side view of the nobile artillery system | ooking from
position A 5 of Figure 1. Figure 3 is a side perspective view of the
nobile arti yat ' [ j nobi | e
arti | ery STl t8YiE SIASpSLAN Bicky o Sy S, Spack Biefife Y MeDmdrhe

i |1 ustrat e artiltery sgskinh ohGiguoe i1t witmal! tiie other paats reheeded. of the nobile
artillery systemfroman extended to a fully retracted position. 15 Figure

6 is a side viewof the nobile artillery systemillustrati ng the
suspensi on IS Giew bSthamBPISEARENYS lobkip kata-ﬁ ystem of
t he nobil e ﬁ til esr§sms%/szferr? 20 Figgure 8 n)’ %ﬁhgrrat |gc ?é’rg't%ﬁ‘

illustréti rujl-'ugm'e\/hrl ous conponents of the dr| ve nmechani sm of the nobile
artillery system Figure 9 is a diagrammtical representation of the
components of a 25 hydronechanical transm ssion conprising a nechanical

transm ssi ni ca
ransmi i qligadas i dIRSErshEctVeAIsH cThe oRcrtilegysematFigite £f the

Figure 4 is a side view of the mobile artillery system, including shock

10 isolators.

Figures 5a to 5c illustrate the travelling positions of the rear wheels of the
mobile artillery system from an extended to a fully retracted position.

15 Figure 6 is a side view of the mobile artillery system illustrating the

suspension system.

Figure 7 is an enlarged view of the suspension system of the mobile artillery
system.

20
Figure 8 is a schematic diagram illustrating the various components of the
drive mechanism of the mobile artillery system.

Figure 9 is a diagrammatical representation of the components of a
25 hydromechanical transmission comprising a mechanical transmission and

hydrostatic transmission used in one embodiment of the invention.




Detai | ed description of the preferred enbodi ment |ncorporation of asphdbb 2004
frame chassis 5 Figure 1 is a perspective view of a nobile artillery system
according to one enbodinment of the invention. The systemincludes a |ight
wei ght vehicle 10 with a chassis 12 thab conprises primarily of a space
frame structure 14. The space franme structure can be nore clearly seen
fromFigure la, wherein all the other parts of the mobile artillery system
have been 1)L ‘ : A |l ess material to
manuf act ur e-ana TTeaKes . ght - wei ght. The | i ghtwei ght
space frame design mnekes the conplete systemboth air-portable and

hel i - portabl e. The desr n of the space frame 14 can thus be relatively

| i ght but JABGRER -2 spacafeame chasgisianic rigidity. The space frame 14
not only has to carry the 15 i nt ended payl oad, but can also withstand the
stress and fatigue from prolonged travelling on off-road terrain. The
space f BarrEFigurecrf is hperspactive vidwicf a mabilerartiikratsystesn pecatdingvbe beet he

posi 2n23' QIREBY BF s iwaRiar: I NG s om indudates dohl WRIGy JeniFie Fhe
vehicle gdt@g%fse%lth?@c&%?‘hg\% WriRarf) 2 3P Spheld Harestidcilirgsey. enai ne.
ssion |1 c

The engi ne an necessar rans s are d on the venhi
chassi s 12 The apabe fsameesfruetuee Izan Dei snare clearlgdsean tfremweigghe td, t he

conplete system 25 The assi s fr.ant els 1 an [ ear wheel s 17
mount ed t o Wherelgh@lly h%qutﬁ Pﬁfﬁ%é’%t&@nt’“‘i@% &\@Eﬂ £ VeoPeEHe

vehicl g 810 rEHfovéBeeThé‘%PbES fréfﬁ@'ﬂj Fequﬁ'e%qgﬁ@rrﬁﬂéﬂhl tcprnaiﬁma&tute @ndst or age
20 may be incorporated he chassis 12.

makes the whole structure light-weight. The lrghtwerght space frame design

makes the complete system both air-portable and heli-portable. The design
of the space frame 14 can thus be relatively light but achieve both structural
and dynamic rigidity. The space frame 14 not only has to carry the
15 intended payload, but can also withstand the stress and fatigue from

prolonged travelling on off-road terrain.

The space frame 14 of the vehicle 10 is reinforced at the points where the
load is being transferred. The members of the space frame 14 are
20 positioned to achieve maximum torsional and structural rigidity. The vehicle
may be powered by a 125kW turbo-charged intercooled diesel engine. The
engine and necessary transmission lines are held on the vehicle chassis 12
via the space frame 14. This is to reduce the weight of the complete

system,

25

The chassis 12 has front wheels 16 and rear wheels 17 mounted to it, and a
driver compartment 18 towards the front of the vehicle 10 for steering the
vehicle. A compartment for ammunition storage 20 may be incorporated to

the chassis 12.




1 7 AUG 2004 -7 Mounted on top of the vehicle chassis 12 and integrh?«s@w[’.mml
with the vehicle <chassis 12 is a weapons systemincluding a howtzer gun
22, supported by a cradle 24 and saddle 26. The howitzer gun 22 includes a
barrel 28 and nuzzle brake 30. A barrel ,clanp 32 clanps the barrel 28 to
the space 5 frame 14 when the howi tzer gun 22 is not in use. At the rear
of the vehicle, a pair of outriggers 34 are nounted for stabilising the

system str ' e & Qs L ;

e act abl ARG U o the WniclOendkls' 4REha tbgiaRa RIA e Rllde

][?" sed in _tdtn_esﬁeSilz isomdmia@onswystemm‘ﬂutri]ing ahowiteert ten gRosoppeviech biyn t he
iring position, In order to preserve the integrit ft | i I .ght
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I sol ators 1) 1 n\%@ | $a72 [

structure. ﬁ%%gécﬁéﬁfeé;%g)d dﬁ;ﬁ%&ﬁ%’?%\/;&??ggg% e?ﬁéf ?\je ver%é;F%Ylﬁé; étaﬁgsel l'ing

from pobnt ftame@didwhedTthe Bdwitder guso22tsomat iasesi zed and nounted onto the

space frame structure 14 by four nounting brackets. These nounti ng
brackets are preferably wel ded onto the space frame 14 as shown in Figures

3 and 4. Tug (B36h5of falveHiaun B iBltfiiSels ROR: Rlounkey BiTtabASALS

t hrough the holes o ck isolators®™ 36. The vehicle chassis
t hen be suppersysterhystriciaee slidog firng. at Ores ouliggsts hd4 @reomovablee ande anount

ff that i i itted h .
firing. tndohae@ple athe roaiLlsRRtBa FRoaToRRG SEinAbnTEy (HeE B, °' "
chassi g9 shgmkdiigghalsitioreshewaith 1bwBrRd 1o ERgadee tRd grdatk whepl iattae 36. The

shock isolators 36 serve to isolate the firing Toad that is being
t_ransmttecﬁrllng pdsiticipace frame 14, thereby protecting it from danmge.
Figures 3 and 4 show only one enbodi mrent of the shock isolators

In order to preserve the integrity of the lightweight space frame structure 14,
the recoil force is isolated by means of shock isolators 36 positioned
between the gun chassis and the vehicle structure. They can also dampen
vibration when the vehicle is travelling from point to point. The shock
isolators are sized and mounted onto the space frame structure 14 by four
mounting brackets. These mounting brackets are preferably welded onto
the space frame 14 as shown in Figures 3 and 4. Two shafts (not shown)
run the length of the gun chassis through the holes of the shock isolators
36. The vehicle chassis 12 will then be supported by these shock isolators
which help to reduce the amount of force that is being transmitted to the
space frame structure 14. During firing, the recoil load is transmitted from
the trunnion to the gun chassis, shock isolator shafts and finally to the
shock isolator 36. The shock isolators 36 serve to isolate the firing load that
is being transmitted to the space frame 14, thereby protecting it from
damage. Figures 3 and 4 show only one embodiment of the shock isolators
36 and the mounting brackets mounted to the space frame. It should be
apparent that other embodiments are possible, wherein the firing load is
transmitted to the space frame 14. As such the vehicle structure can be




36 and the nounting brackets nmounted to the space franme. It should be17A 004
apparent that other enbodi nents are possible, wherein the firing | oad isl§&
transmtted to the space frane 14. As such the vehicle structure can be 1 7
AUG 2004 -8 optim zed to be as light as possible and yet able to handl e the
trenmendous firing load. In addition, roFl-over bars 38 are designed to
surround the driver 5 conpartnent 38 to protect the driver and passengers

. n by ol I ot . . n
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35 is sel f fifingesgd.ng once the outrigger 34 is lowered by the hydraulic

pi stons. The enbedding of the spade structure 35 enhances the stability of
the howi t zer gun 22 once 10 deployed to be fixed to the ground and enabl es
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probabi | i t yighraecwasy.em i ncl udi ng t he

Figure 2 is a side view of the mobile artillery system locking from position A
of Figure 1. Figure 3 is a side perspective view of the mobile artillery

15  system of Figure 1.

The capability of the system to be both lightweight and attain structural
rigidity enhances the effectiveness of the rapid deployment force to respond
quickly to an emerging crisis in less time from base to a global theatre of
20 operation. The integrated system offers high ground tactical mobility
because of its capability to move rapidly about the battlefield. The howitzer
22 can thus be rapidly deployed to critical areas immediately upon landing
so as to exert influence on the battlefield. Likewise, the howitzer 22 has the
capability to evacuate from critical areas immediately. In the battlefield,
25 high mobility means higher survival probability. The system, including the
howitzer gun 22 also functions as the tow vehicle and logistics train, thus

eliminating the dependency on a separate tow vehicle and logistics train.

There are two operating modes of the artillery firing system, the travelling
30 mode and the firing mode. In the traveliing mode, the elevation of the gun
barrel 28 is kept low and passes through the cab of the vehicle (see Figure



howi t zer gun 22 also functions as the tow vehicle and |ogistics traiiny AU,
elimnating the dependency on a separate tow vehicle and logistics train.
There are two operating nodes of the artillery firing system the
travelling 30 node and the firing node. 4 n the travelling node, the

el evation of the gun barrel 28 is kept 0w and passes through the cab of
the vehicle (see Figure 1 7 AUG 2004 -9 1). The safety roll-over bar 38 is
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whi ch functlon SO as a r suspen ower s e rear end
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Rear eel assenbly Figures 5a to 5c i te the trav sjtions of
the rear wiensd ristng salingt iEs cpwigisd: b seReshmate drincedd 27,

contact wit hFufct fu! ramses b . Mi§ the
wheel s areFIh?l?te O?WR'C Pouhcg{’aThéS?’aegéfg wheel sﬂ%é g?lgﬂ'm)unt !acgw%\-r?to
special ly clhswgaedndktéethea:hmsiEMZ taathehwith the rgurv plasfiosmplovistughl theat t ached
to the chassis ]12. Alternatively, it could be pivotally attached to the
structure SOYME space frame 14. Adjacent 20 to the point of attachment of
the whegl arm 70 to the chassis 12, side hydro-pneumatic struts 72 are

pivotally connected to the wheel arnms 70. As can be observed, extension
and cont r adkeanwheel agssembly hydr o- pneunati c

Figures 5a to 5c illustrate the travelling positions of the rear wheels from a
retracted position wherein the wheels are in contact with the ground, to a
15 fully extended position, wherein the wheels are lifted off the ground.

The rear wheels 17 are mounted onto specially designed wheel arms 70.
The wheel arms 70 are pivotally attached to the chassis 12. Alternatively, it
could be pivotally attached to the structure of the space frame 14. Adjacent

20 to the point of attachment of the wheel arm 70 to the chassis 12, side
hydro-pneumatic struts 72 are pivotally connected to the wheel arms 70.
As can be observed, extension and contraction of the side hydro-pneumatic
struts 72 result in the raising and lowering of the rear wheels 17 in a
leveraged arrangement. Between the side hydro-pneumatic struts 72, a

25 centre hydro-pneumatic strut 74 is positioned to provide an additional force
to ensure that the rear wheels 17 are fully raised when the side hydro-
pneumatic struts 72 are extended. The side hydro-pneumatic struts 72 and
centre hydro-pneumatic strut 74 are interconnected by a portion of the
space frame 14.

30



struts 72 result in the raising and lowering of the rear wheels 17 |

| everaged arrangenent. Between the side hydro-pneumatic struts 72, EAUB 2004
centre hydro-pneumatic strut 74 is positioned to provide an additional

force to ensure that the rear wheels 17,are fully raised when the side
hydro- pneumatic struts 72 are extended. @he si de hydro-pneumatic struts 72
and centre hydro-pneunatic strut 74 are interconnected by a portion of the
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suspengpon conprising a lower |ink 82 and an upper |ink 84

Iti-link s nsion system

Figure 6 is a side view of the mobile artillery system giving an overview of
the suspension system associated with the front wheels 16. A mutfti-link
15  suspension 80 is incorporated to the front wheels 16.

Figure 7 is an enlarged view of the multi-link suspension system of the
mobile artillery system. The suspension system utilizes a multi-link
independent suspension comprising a lower link 82 and an upper link 84
20 with hydro-pneumatic struts 86 for optimum off-rcad performance. The
front wheel 16 is attached to the front wheel hub 90. The suspension
system is designed for three functions. The main function is to damp as
well as to absorb the shock that is present from the undulating off-road
terrain. The hydro-pneumatic struts 86 may use nitrogen gas as their
25 spring and hydraulic fluid as the damper. Some of the advantages of
incorporating the multi-link suspension with the hydro-pneumatic

suspension are:

1) small space requirement;
30 2) a kinematic or elasto-kinematic toe-in change fending towards

understeering;




20 wi th hydro-pneumatic struts 86 for optinmum of f-road perfornmance. 1-”]1%5
front wheel 16 is attached to the front wheel hub 90. The suspension 2004
systemis designed for three functions. The main function is to danp as

well as to absorb the shock that is present fromthe undul ati ng of f-road
terrain. The hydro-pneumatic struts 86 may use nitrogen gas as their 25
spring and hydraulic fluid as the danper. Sone of the advantages of
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Progress§i ve susprevehitlebadycteristics allow for high driving speeds while
provi di ng inpro ort for .driver and crew. 10 The secondary function

ved co .
of the susﬂénsid’ﬁgg%? 'ﬁ??@r@@‘@)ﬁﬁ%’ L shock absorber for the
counter-regqi | fL%QérﬂHééﬂﬁaJét;” ng. The gun recoil force during firing
t

causes the front o e vehicle to lift off the ground. A counter- recoil
force i s uf)al | Progreasiveesuspansiorgohanastasistics ajowdfos high griviagrspsedsct .
while providing improved comfort for driver and crew.

10
The secondary function of the suspension system is to serve as a shock
absorber for the counter-recoil force during firing. The gun recoil force
during firing causes the front of the vehicle to lift off the ground. A counter-
recoil force is usually generated after gun recoil due to a whip-lash effect.

15  As the counter-recoil force is tremendous, the suspension at the front of the
vehicle has to be sized to absorb and damp the shock so as to prevent

damage to the vehicle instrumentation and other systems on-board.

The third function of the suspension system is to provide height adjustment
20 control of the vehicle. This is accomplished by depressurizing the fluid in
the cylinders of the hydro-pneumatic struts 86 by means of relief valves (not
shown) that are incorporated into the cylinders and thus allow the cylinders
to be compressed. The reason for allowing the height adjustment is to
enable the howitzer gun 22 to fire at a lower elevation angle. This will
25 contribute to the direct fire capability of the gun. The height adjustment
control will also provide more height clearance in situations where lower

height is required, eg. when the vehicle is loaded onto a C-130 airplane.

It should be appreciated that hydro-pneumatic struts using hydro-pneumatic

30 cylinders can also be added to the rear suspension. One advantage of




15 As the counter-recoil force is trenendous, the suspension at the{1fy Mg 2004
of the wvehicle has to be sized to absorb and danp the shock so as to
prevent danmage to the vehicle instrumentation and other systens on-board.
The third function of the suspension sy§{$g1is to provi de hei ght adjustnent
20 control of the vehicle. This is acconplished by depressurizing the fluid
in the cylinders of the hydro-pneumatic struts 86 by neans of relief valves
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will 25 contribute to the direct fire capability of the gun. The hei ght
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wher e Iom%@%@lﬁed, eg. when the vehicle is | oaded onto a
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towards the rear of the vehicle via fluid drivelines. There is a switch on

the driver 'meotons i 2ieweeds tharepr ohisie \wiiigip viafiidrivelines.

There is a switch on the driver's instrumental panel (not shown) which
allows the driver of the vehicle to select between front wheel drive mode

15 (on-road), four-wheel drive mode (off-road) and automatic mode. Front
wheel drive mode allows the vehicle to travel on roads at higher speeds.
Four-wheel drive mode allows the vehicle to travel off-road up to a
maximum speed of about 25 km/h, depending on the hydraulic radial piston
in-hub motor. The automatic mode allows the vehicle to travei in a mixed

20 configuration of four wheel drive and two wheel drive depending on the
speed of the vehicle. A vehicle speed below 25 km/h will have a four wheel
drive configuration while a speed above 25 km/h will have a two wheel drive
configuration. The switching of these two modes is controlled automatically
by a microprocessor 122. The turbo-charged diesel engine 100 drives a

25 hydromechanical transmission 108 comprising 2 shafts: 1) a hydrostatic
transmission and 2) a mechanical transmission. The hydromechanical
transmission is connected to a differential 110 which drive propeller shafts
18 to which the front wheels 16 are attached.

30 The input from the engine is split by using two gears (not shown). The
hydrostatic transmission consists of a variable displacement pump which is



allows the driver of the vehicle to select between front wheel dri\’? @lﬂ{jﬁ
15 (on-road), four-wheel drive node (off-road) and automatic node. Fr 04
wheel drive node allows the vehicle to travel on roads at hi gher speeds.
Four -wheel drive node allows the vehicle :go travel off-road up to a

maxi nrum speed of about 25 km h, dependi n?g on the hydraulic radial piston

i n-hub notor. The autonmtic m)de allows the vehicle to travel in a m xed 20 .
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transm 5S| on is connected to a differential 110 which drive propeller
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In the hydrostatic transm ssion, when the engine flywheel rotates a. gear

GL in the drivekthiesinput ofhiydsestatie teansmission (pump) and the output will be
shaft S3 (from the motor). The torque from the motor will subsequently be

transmitted to gear G8 by gear G4. The direction of Gear G8 is the same
as the engine rotation. The speed of the hydrostatic transmission can be
15  varied by adjusting the swash plate in the variable displacement pump. As
the angle of the swash plate in the pump is increased, more flow results
and the motor will turn faster. This will increase the speed of gear G4 and

eventually to the output speed N,.

20 In the mechanical transmission, rotation of gear G5 is effected by gear G3.
Gear G5 rotates the shaft S4 in the same direction. Shaft S4 is directly
connected to the planetary carrier. The rotation of the planetary carrier will
cause all the planetary gears G6 to rotate. Since the sun gear G7 is in
direct contact with the planetary gears, the sun gear will aiso rotate together

25 with the planetary gears, which will in turn cause the shaft S5 to rotate in
the same direction. With the clutch engaged (hydromechanical mode), this
rotation will be transmitted to gear G8 via shaft S6. Gear G8 will then rotate
gear G9 via a shaft. The rotation from the gear G9 will be transmitted to the
ring gear, which will eventually cause the output shaft to the differential to

30 rotate at the speed of No.



fromthe engine), another gear G will rotate in the anti-cl ockw 5137AU522%
direction. 10 The rotation will be transmtted via a shaft S1 to a gear .
A shaft S2 will drive the input of hydrostatic transm ssion (punp) and the
output will be shaft S3 (fromthe notor), The torque fromthe notor wll
subsequently be transmtted to gear G8 by gear (4. The direction of Gear
& is the sane as the engine rotation. The speed of the hydrostatic

transm ssi ST | : , bl
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to rotate in the same direction. Wth the clutch engaged (hydronechani cal
mode), this rotation will be transmtted to gear (8 via shaft S6. Gear (8
wi || then rToeafrent wbeelsGH6 dra stearabia viaTasteering sysieny b tang! slegringo wil |
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the swashplate is varied to cause the notor to rotate with the clutch
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system are generally controlled by a microprocessor 122.

The use of the radial piston in-hub motors 112 provide good spatial
configuration for the mounting of the weapon platform and allow the
weapon recoil force to be fully transferred to the ground through an
integrated firing platform. Due to this design, there are fewer requirements
on the strength of the space frame 14, thus allowing for weight savings.

The vehicle can move at up to speeds of 80 km/h on 4 x 2 drive (front wheel
drive) on paved roads and the two rear wheels 17 can be activated for 4 x 4
drive off-road. The vehicle is capable of being deployed and displaced
within 30 seconds to 1 minute. it can move 500 meters within 30 seconds
and can be ready for firing in less than 30 seconds from the depioyed

position.

During highway fravelling, the hydromechanical transmission is used to
drive the front wheeis 16 while the rear radial piston motors 112 are allowed
to freewheel. During off-road travelling, alt the four wheels 16,17 are

activated to optimize wheel traction.




5 di splacenent (no flow to the notor) and the clutch is engaged deAU@ﬂM4
mechani cal ). The front wheels 16 are steerable via a steering system 116
and steering punp 106. The rear punp 102 also transmts power to a pair of
i n-hub 10 radial piston notors 112, each1§t whi ch drives a rear wheel 17. A
brake punp 106 is operatively connected to brake callipers 112 which
control brake discs 114 at the front and rear wheels 16,17. The conponents
of the systemare generally controlled by a m croprocessor 122. 15 The use
of the radial piston in-hub notors 112 provide good spatial configuration
for the noue extensivehapplication ¢f lighteeight miatdriaisvsuble aswtitanimraltaysl f or ce
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nove at up to speeds of 80 kmh on 4 x 2 drive (front wheel drive) on
paved rbads and the two rear wheels 17 can be activated for 4 x 4 drive
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ext ensiige appLidcedt mnlimitet ibghthegiaglidularémbbdinserstuarid spedific eonstraationoy s
described herein but should be defined by the appended claims and
equivalents thereof. Accordingly, the aim in the appended claims is to
cover all such changes and modifications as fall within the spirit and scope

of the invention.




further helps to reduce the weight of the whole system and enhanceqit gg 0.
operational nobility. 5 While a particular enbodi nent of the invention has
been shown and described, it will be appreciated by those skilled in the
art that changes and nodifications of t@e present invention may be nade

Wi t hout departing from the invention in broadest aspects. As such, the
scope of the invention 10 should not be Ilimted by the particul ar
enbodinentggﬁgnépecific construction described herein but should be

defi ned by ppended cl ainms and equivalents thereof. Accordingly, the
aimin the appended clains is to cover all such changes and nodifications-
as fall within the spirit and scope of the invention. 1 7 AUG 2004 -16
Claims 1. A self-propelled nobile system characterised by a 5 |ightweight

space frame chassis on which is nounted a |large calibre artjill|ery piece.
2. A sel f-propel | et nbeiftRroppliedm %@tb(‘,lﬁai ﬁié%ei%'r’r cf ?ﬁ@cit,er'sﬁﬁerbyn fhe

wei ght of the. systemis | 0 kel - nobi | e
system s JOBARERIT Srdes FRin st WG fodhBR p BroBRABReC has a
calibre of jumd 9%5.5 nm 52 calibre gun. 4. A self-propelled nobile system
as claimed 1n a ﬁo the 15 preceding clains, wherein the artillery piece
has a firing systemwhich includes a |ightweight elevating and traversing
mass and gun chassis nounted on the space frame vehjcle, said vehjcle
having a wé.ght A self-propelled mobile system as claimed in claim 1,
wherein the weight of the system is less than 8,000 kg.
10

3. A self-propelled mobile system as claimed in claim 1 or claim 2,
wherein the artillery piece has a calibre of up to a 155 mm 52 calibre gun.

4, A seif-propelled mobile system as claimed in any of the
15  preceding claims, wherein the artillery piece has a firing system which
includes a lightweight elevating and traversing mass and gun chassis
mounted on the space frame vehicle, said vehicle having a weight

which does not exceed 3,800 kg.

20 5. A self-propelled mobile system as claimed in any of the
preceding claims, wherein the chassis includes a cradle and saddle

for supporting the artillery piece.

6. A self-propelled mobile system as claimed in any of the
25 preceding claims, wherein the artillery piece is a howitzer gun which

includes a barrel.

7. A self-propelled mobile system as claimed in any of the

preceding claims, further including a barrel clamp for clamping the




whi ch does not exceed 3,800 kg. 20 5. A self-propelled nobile SyStemy@ 04
claimed in any of the preceding clains, wherein the chassis includes @
cradl e and saddle for supporting the artillery piece. 6. A self-propelled
nobil e systemas clainmed in any of the 2b preceding clains, wherein the
artillery piece is a howitzer gun which "includes a barrel. 7. A

sel f-propelled nobile systemas clainmed in any of the preceding clains,

further | naldinerankaifilery! plBbd %6 HETide (hind Enabs?0Atba Hhebarrc!

f
of the art ery piece to e frame'c I'S when artillery piece

is not in lmﬂue@piéceejgfnoirinmﬁd_ed nobil e systemas clainmed in any of the
5 preceding clains, further including at | east one retractabl e outrigger
built at the end of the systemopposite to the direction of firing of the

artillery piece, the or, each outri r in,a first extended position

engagi ng _traa gr ound ﬁ@_ifs(?ré%ﬂquﬁ er@‘%%?%y%&%'m@ﬁi glaimed g QBYt ﬁt tﬁ&r;i | lery
bei ng 14, sereebdiid Effite, GREER dneRRinb a o3l Yo iElrelf0 AR 1 over
rough terrajju a-the &%d fofnhepﬂlétéﬁn Eﬁbbbﬁestbsmﬁ‘écﬁbﬁ'dfeﬁhhq of 'tAem 8,
wherein two outriggers are nounted oh the chassis and are each 15 pivotally
movabl e betasiferys pidcexttheded eachr etfriggerdiposi firstnextendad apesition

hydraulic pistons. 10. A self-propelled nobile systemas clainmed in claim38
or clai m9.engagingi the rgrabindedonh stailisgghe cyisteds duringhdiring rottthee on its

free end artillery piece against the recoil thereof, and in a second retracted
10  position being raised clear of the ground to facilitate transit of the

system over rough terrain.

9. A self-propelled mobile system as claimed in claim 8,
wherein two outriggers are mounted on the chassis and are each
15 pivotally movable between said extended and retracted positions by

means of hydraulic pistons.

10. A self-propelled mobile system as claimed in claim 8 or claim 9,
wherein the or each outrigger carries a spade structure on its free end

20 which embeds in the ground in the extended position to enhance the
stability of the artillery piece during firing.

1. A self-propelled mobile system as claimed in any of the preceding
claims, further including at least one shock isolator for damping out shock

25 and vibration during transit of the vehicle and during firing of the artillery
piece.

12. A self-propelled mobile system as claimed in claim 15, wherein
the or each shock isolator is mounted on mounting brackets which are

30 mounted to the space frame chassis, further including at least one shaft




20 which enbeds in the ground in the extended position to enhance f§i1eAlf 2004
stability of the artillery piece during firing. 11. A self-propelled nobile
systemas clained in any of the preceding clains, further including at

| east one shock isolator for danping out1€hock 25 and vi bration during
transit of the vehicle and during firing of the artillery piece. 12. A

sel f-propelled nobile systemas clainmed in claim15, wherein the or each

shock i sol ' unt 1 : L. to the
space fr amutipn rand MeeAGuEDr (R DhALtss BE e BiferEBe 2 Aol AbRS 2 115
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the or eachsthdf unichoft istBiethe fithd 1688 frdri Bh&bgabd fraid i ng | 0ad from
t he space #rarre. 5 13. A sel?-propel ed no |Te systemas clained in any of

the preBeding clainms, further including wheel arnms pivotally attached to
t he back of _the gun chassis or spaceframe on which are carried rear wheels

of the systldm 10 Asgelfpropeieqmahiesystem s caigiag iIBrankoihg pregedingc] ai m

13, furthey,iac | 00 : 'BW%?% | | | leyw-at t ached
to said vmg:(rﬁ'hgf mﬁ%}gg %@éﬁ i on (I) set 57;3/?%‘}” t%ﬂéﬂcﬁ%ﬂﬂ{oegg gtgﬁgcﬁn@%t of
each wheel ganmchassisher spazefiame ahevtech asx camisedosanwtieels ofabeisysternf said

hydr o- pneumatic struts effects rotation of the wheel arns relative 15 to
the chassis so as to effect novenment of the rear wheels. 15. A

sel f - propelqed nobjl y Laed i | : ehid;

ret racﬁ@d [;Iési ti onAosefff@tqﬁ{%@@- Eﬁ%agt §¥§t§ﬁ %én %I%émewh?ﬁ blaifr 13,
further including hydro-pneumatic struts which are pivotally attached
to said wheel arms at a position offset from the point of attachment of
each wheel arm to the chassis, wherein extension and retractions of
said hydro-pneumatic struts effects rotation of the wheel arms relative

15 to the chassis so as to effect movement of the rear wheels.

15. A self-propelled mobile system as claimed in claim 14,
wherein in a retracted position of the hydro-pneumatic struts the
wheels arms extends downwards and rearwards from their pivot point
20 with the chassis such that the rear wheels are in contact with the
ground for transit of the system, in an intermediate position of the
hydro-pneumatic struts the wheel arms are rotated so as to extend
substantially vertically upwards from their pivot point with the gun
chassis such that the rear wheels are lifted off the ground, and in a
25 fully extended position of the hydro-pneumatic struts the wheel arms
extend generally forward from their pivot point with the chassis such
that the rear wheels are brought further forwards for firing of the

artillery piece.



wheel s arns extends downwards and rearwards fromtheir pivot point r?70 lm)th
the chassis such that the rear wheels are in contact with the gro& dA 4004
transit of the system in an internedi ate position of the hydro-pneunatic
struts the wheel arns are rotated so as_fg _extend substantially vertically
upwards fromtheir pivot point with the gun chassis such that the rear
wheels are lifted off the ground, and in a 25 fully extended position of

t he hydro- umat i ligU vaﬁg- # XtL,en rad lyLforward from
their pi vol?f%oi nt %tgh_lﬁj%é)‘%ﬁggy S s'{feé‘tﬁﬁg%@t Eghgla?rﬁgrﬁ é%?@?a‘lr/% r ought
further foryainds1s owhiréinng Whekharmald pro@dedPbREacH sidé\dp #HOGunl9 16. A
sel f-propelled nobile systemas clainmed in claim14 or claim15  wherein a
wheel ar m ichgssiviaredpacefranhe siodeach dhevhich islemwiected opechidere to
each of which is connected one hydro- pneumatic strut, and a third centre
hydr o- pneurRiteUmatietruls a5 a; tig eenteevmdrospneumadiel stauhis aRPideds

connect ed I vot axel of the wheel. arns so as.t rovide additional force
For moveng RelFam & heb! Bt iaigh 1 coRieet Buivel HElehr 88 i med
n any of chfbdPart 3G 4 1dGrolRRs SRifcifalAES BRHBRING sBid Witedl SO
operate to danpen vibrationTromthe rear wheels during“transit of the
system 18.grfnsel f-propelled nobile systemcharacterised by a |ightweight
space frame chassis, wherein front wheels of the system 15 are connected to

t he chassis by neans of an independent multi-link suspension system 19. A
| f - | ]ed il | ai ' | ai . .
Selt-prope 4?6 m)blA Se ypsr%%g]lga %o%%lgegys!tgmca%' cTa%r%éd in any of claims

10 14 to 16, wherein the hydro-pneumatic struts also operate to dampen

vibration from the rear wheels during transit of the system.

18. A self-propelled mobile system characterised by a
lightweight space frame chassis, wherein front wheeis of the system
15 are connected to the chassis by means of an independent multi-link

suspension system.

19. A self-propelled mobile system as claimed in claim 18,
wherein the suspension system for each front wheel includes an
20  upper suspension arm, one end of which is pivotally attached to the
chassis and the other end of which is pivotally attached to the top of
an upright of the front wheel assembly, a lower suspension arm, one
end of which is pivotally attached to the chassis below the pivot axis
of the upper arm and the other end of which is pivotally attached to
25 the bottom of the upright of the front wheel assembly, thereby forming

a multi-linkage suspension system.

20. A self-propelled mobile system as claimed in claim 19,

further including a hydro-pneumatic strut connected to at least one of



wherein the suspension system for each front wheel includes an 20 upﬁ)er
suspension arm one end of which is pivotally attached to the chassi J Alll00k
the other end of which is pivotally attached to the top of an upright of
the front wheel assenbly, a | ower susper_lﬁ'qo_n arm one end of which is
pivotally attached to the chassis bel ow tfie pivot axis of the upper arm
and the other end of which is pivotally attached to 25 the bottom of the

upright of phe Jéfﬁé@%jﬁh Smﬂqi?&ffnﬂgﬁﬁp?%ﬂgﬁgin viBthtibns! fféaPe

suspensi on Syst sel f-prope e system*as clarned 1n claim

19, furtthhéﬂ’éanriwelgdﬁ/\%ﬂ-arywaaébﬁbééumercr@&bﬂqbﬂségeuﬁhg!fﬁw one of
1 7 AUG 2004 -20 the upper and | ower suspension arns for absorDbing

vi brations bf thee artilkeriyrpietewheel s as well as to absorb counter-recoil
forces during firing of the artillery piece. 5 21. A self-propelled nobile
systemas clained in claim20, wherein the hydra-pneumatic strut utilises

nitrogern. gas,as a sprin and hydrayl.jc fluid as a r. .

sel f-pr (r)}bel ééd nobiTeSE Q@Wﬂggcmlhjrl?d ﬁyﬁltl%maiarﬁ ﬂg‘g’gg&l@ (Zztﬁa'inﬁ] %9'
wherein the @Zﬂﬁ% I @ pne I @il it AL nabl e
hei ght ad] ug)th?e?%wgﬁét sﬁ%g%ﬁlagg. gﬁmsé‘ﬁ'?':s’%ﬂﬁ& ggp%gi ?éelbéé%{rg]r%eas
clainmed in ghgiﬁy&auﬁc\mﬁa@gisr\a daefndy dr o- pneumati ¢ strut includes at |east
one pressure 15 relief valve for depressurising the fluid in the cylinders

thereof for adjusting the height of the system 24. A self-propelled

nobi |l e system characterised b | { ght wei . ght space franme chassiks, wherein
t he Spacg fﬁgmg Chags$glf-propel)(ec? mobifle systgm ad daimed'Th clam 20" o

10 claim 21, wherein the length of each hydro-pneumatic strut is

adjustable to enable height adjustment of the system.

23. A self-propelled mobile system as claimed in claim 22,
wherein each hydro-pneumatic strut includes at least one pressure
15 relief valve for depressurising the fluid in the cylinders thereof for

adjusting the height of the system.

24, A self-propelled mobile system characterised by a
lightweight space frame chassis, wherein the space frame chassis
20 includes a driver compartment having hinged roll-over bars which are
movable between a first position in which they overtie the driver
compartment to protect occupants from injury in the event of roll over
of the vehicle, and a second position in which they are rotated away
from the top of the driver compartment so as to enable elevation of

25 the artillery piece to be increased for firing.

25. A self-propelled mobile system characterised by a
lightweight space frame chassis, further including a hydraulic drive

system comprising radial piston in-hub motors which drive the rear




20 includes a driver conpartnent having hinged roll-over bars which PV%UGZM&
novabl e between a first position in which they overlie the driver
conpartnment to protect occupants frominjury in the event of roll over of
the vehicle, and a second position in whigh. they are rotated away fromthe
top of the driver conpartnment so as to enable elevation of 25 the
artillery piece to be increased for firing. 25. A self-propelled nobile
syst em char ygh@glsgfdh8)syatem ahd sehadioraegeanicapiranehfission compirifig
including a hydraulic drive system conprising radial piston in-hub notors
whi ch dri ve a hydrostatid transotisg@oviand b meakianicdl trarsmyssiemtardtive the

hydr omechani_cal transm ssion conprising a hydrostatic transm ssion and a
mechani cal frotheelSon to drive the front wheels. 5 26. A self-propelled
nobil e systemas clained in claim?29, wherein the hydronechani cal

transm ssion includes a hydrostatic node whereby a swashplate is varied to
cause a t to ropa 1 C i el 8 r e i 6gl node
wher eby ?ﬁegﬁgmashﬁﬁa%gwngbggw?gdhgﬁgn%ﬁ%éﬁ€ﬁ?gﬁgf%éﬁﬁ%gngagegﬁﬁa%g'a fully
10 nmechani cgtherede thiee obdechadnitalh tiansenigsirt. inglides £l hydroshstid ed
mobil e systemas clainmed in claim26, further including a swtch to switch
t he syst em irodeavhenebynagyeastiplatens variedrte cause aonotohieerotate wath

four-wheel drive. and autonati 15 drive. 28. A self-propelled nmopile
system as. cPai FBACH n disgngageds acihydrerechianisal modg heetbulied a
large calibig Alil{eeT¥ DLAGE: and the clutch is disengaged, and a fully

10 mechanical mode whereby the clutch is engaged.

27. A self-propelled mobile system as claimed in claim 26,

further including a switch to switch the system between the modes of

two or more of: front wheel drive, four-wheel drive and automatic
15  drive.

28. A self-propelled mobile system as claimed in any one of
claims 18 to 27, on which is mounted a large calibre artillery piece.






