2 2 NOV 2004 | SELF- COVWENSATI NG SPADE ASSEMBLY Field of the invention
The invention relates to spade assenblies suitable for use on2 irﬁﬂﬂiéﬁﬂ%
such as vehicle-nounted nortars and howitzers. 5 Background of the
invention In artillery vehicles such as nortars and how tzers, considerable
recoil forces are generated as a fired projectile | eaves the weapon
nmounted on the vehicle. The comon approach in dealing with recoil forces
isto fit so-called spade assenblies to the vehicle so that it is braced
during 10 firing.sig_ gﬂ@ eﬂRI' I y arranged as two arnmns
pivotally nounted %%ﬁ Fﬁgﬁiﬁ ﬁ%gééﬁﬁgﬁ§%§#@§ sitioned so that they
penetrate the soil. This arrangenent transfers recoil forces fromthe
weapon to Ih& und nd di scourages the vehicle fromnoving under 15 the
i nfl uence Fgéﬁ?l ??ﬁhﬁ% Many artillery vehicle are often relatively
light in weight inrelation to the significant recoil forces that can be
generate durln firin I n man cases, a weapon is nounted on a vehicle

chassis o %t"H’ tighdelales tappag @ﬁéewm'%w%a@gg‘m 95@|%¢'§H@W by recoil
forces. AQR?W . typical l'y an inportant
conponent Oﬁlﬂé'eehr?@?g%dﬁ?c}ﬁgﬁsﬁer V\ﬁ%é?%g' structures. The use of spade

assenblies is associated with various shortcomings. During recoil, the
spade as ss the soil on which they act, and the
vehi C|% f%@é@?%?ﬁ?ﬁne ,ﬁ,% gﬁf ornmer position after 2 2 NOV 2004

In artillery vehicles such as mortars and howitzers, considerable recoil
forces are generated as a fired projectile leaves the weapon mounted
on the vehicle. The common approach in dealing with recoil forces is to
fit so-called spade assemblies to the vehicle so that it is braced during

10 firing.

The spade assemblies are typically arranged as two arms pivotally
mounted to one side of the vehicle and positioned so that they
peneirate the soil. This arrangement transfers recoil forces from the
weapon to the grqund, and discourages the vehicie from moving under

15 the influence of recoil forces.

Many artillery vehicle are often relatively light in weight in relation to the
significant recoil forces that can be generated during firing. Ih many
cases, a weapon is mounted on a vehicle chassis or other wheeled
structure which is easily displaced by recoil forces. Accordingly, spade
20 assemblies are typically an important component of such vehicles or

other wheeled structures.

The use of spade assemblies is associated with various shortcomings.
During recoil, the spade assembilies tend to compress the soil on which

they act, and the vehicle tends to return to its former position after



2 firing. Accordingly, a gap is formed between the spade assenbly and the

soi |l . Subsequent refiring causes the spade assenbly tO(unna¢Qtﬁ ﬁo?@ﬁft
with the soil again, after the gap between the spade assenbl® €s 9 d he
soil is closed. This can cause considerable stresses in the spade
assenblies and in the structure of the vehicle nounting. These stresses
can cause significant damage and possible failure if appropriate
structural reinforcenments are not provided. Further, free-play between the
spades and_the soil can reduce the 10 accuracy of firing. Wien lowfire
rat e accur WiRg.iACGoEdNged, dhis Espiedaeeiwess thespade assembly'andhe weapon to
conpensate¥kgﬁmangular shifts of the vehicle after each firing. It is an
obj ect of the I hvention to address these and ot her deficiencies associated
Wi th existing spade assenbly arrangenents. 15 Sunmmary of the invention The

i nvention @r.ovi | f -conpensat i ng spade, assenbl y.suit abl for use on
a vehicle %é@ er?.g"%it ﬁ%ﬁﬁpeﬁa%p@'ﬁ %%a?%%b'ﬁ%%?gi'% Cor”g%@i | force, the
spade assepigh Yné 86l udalty aff} HLORAbENVFRAIthaAEPAdL AsdemBise aRRUNt I Ng at one
end of the spade armfor nounting the spade to the vehicle; and a ground

cont act® nghpadiliisfleged Hdivcharcaise winsidesablpasttessemin thespgdeund
contactin Iy Lagl udi ort. plate and a spade ortion which
are mut ua%sggéﬂdshlgg i %ﬁ‘gdﬁlsénghgq&#ﬁ'pn qfh&espva?géde a@?@ﬁﬁmf ieI?%isﬁ use, the
spade por tst@sseenehn ataasé heighdidaht OBamBbeh and possible failure if

appropriate structural reinforcements are not provided.

Further, free-play between the spades and the soil can reduce the
10 accuracy of firing. When low-fire rate accuracy is required, one
approach has been to “re-lay” the weapon to compensate for angular

shifts of the vehicle after each firing.

It is an object of the invention to address these and other deficiencies

associated with existing spade assembly arrangements.
15 Summary of the invention

The invention provides a self-compensating spade assembly suitable
for use on a vehicle having a mounted weapon generating a recurring

recoil force, the spade assembly including:
an elongate spade arm;

20 a spade mounting at one end of the spade arm for mounting the

spade to the vehicle; and

a ground contacting portion at the other end of the spade arm,

the ground contacting portion including a support plate and a spade



t he weapon is standing, and the support plate rests against the earth to
at least partly transfer recoil forces fromthe weapon to the e:a_rti[p‘,WS,wm
characterised in that the spade armhas a conpensating neans &bl e*té <3
regul ate the length of the spade armto ensure that the ground contacting
portion is generally maintained in firmcontact with the earth on which
the weapon is standing. Preferably, the conpensating neans includes a

tel escopic 10 engagenent of two relatively slidable nmenbers defining a

seal ed chanber containing a source of hydraulic or pneumatic pressure which

acts to biRatiomewhichdaras surpaly irpsilionsd seddbatoaehen dhe ppaderably, the

spade ass : i ptaj a 1.Ql dy. (o]apol} i on when the
weapon i s elle}rﬁ‘gbqfé%p@gy g%’l g‘tef IE[?%%& %ﬁﬁe ebé%?tilé,tgligh%%asr&} gﬁa@ﬁ?’éved by the
use of an theteaponds stariding andrthegemeott pMiteabstsenpiivisishé batth teluri ng use,
the |l ength ?f ther@)ade assemhly can be increased but not decreased.

Pr ef er abl 2t a5t Party ansfel eolyorses fiam the waapgriatha eafthy act uated system
in which the volunmes of distinct chanbers are adjusted by regulating the
fl ow fromone chanber to the 20 other, thus adjusting the relative

posi ti &n of thé&harackines ipdhakihe spade P BASI2EPPDRRSAEING MERDtles a vehicle

(e 119 TR IREIABINE ength of THE Sp308R BOGNAL Mat e difuly | 51 aspect o

t he i nventon. asse i és are use n-conbi nation to
assi st i ncostazting ipsirtign & g@teralendhinthimgdrie dinmr @nitadti withthe s er ably, the
spade 25 assenblies are in use angularly orientated at 400 bel ow

hor i zont aP VHEN the,WearPY i$H8NdiNthed so that they define an included angl e
of 90'. This 2 2 NOV 2004 4 outwardly defined assists in stabilising the

vehi cl e agai nst recoil forces , ] _
referably, the compensating means includes a telescopic

10 engagement of two relatively slidable members defining a sealed
chamber containing a source of hydraulic or pneumatic pressure which

acts to bias the spade assembly in an extended position.

Preferably, the spade assembly can be maintained generally rigid in
compression when the weapon is being repeatedly fired. Preferably,
15 this is achieved by the use of an automatic locking arrangement which
ensures that, during use, the length of the spade assembly can be
increased but not decreased. Preferably, this is achieved by providing
a hydraulically actuated system in which the volumes of distinct
chambers are adjusted by regulating the flow from one chamber to the

20 other, thus adjusting the relative position of the slidable members.

The invention further includes a vehicle having mounted thereon one

or more spades according to the first aspect of the invention.

Preferably, two spade assemblies are used in combination to assist in
stabilising a vehicle during recurrent firing. Preferably, the spade
25 assemblies are in use angularly orientated at 40° below horizontal, and

mutually positioned so that they define an included angle of 90°. This



acting laterally as well as transversely of the weapon. Description of
drawings Fig.1l is an isonetric view of a vehicle fitted with 272 v i
sel f-conpensating 5 spades constructed in accordance with an enb§& wgﬁQ of
the invention. Fig. 2 is a plan view of the weapon shown in Fig. 1. Fig. 3
is a partial side view of the weapof shown in Fig. 1, detailing one of the
spade assenblies shown in Fig.1. 10 Fig. 4 is a cross-sectional draw ng of
one of the spade assenblies shown in Fig. 1. Fig. 5is a side

cross-sectional  view of a conpensati.ng cylinder included as part of the
Chote. seabNaty Herned apsiss hEanleing 154 yehgla aosinSieRn foRehaar aul i o
circuit di i i d as part of the spade
assenbl y sﬁgmr@tﬁriﬁg@%ﬁgﬁg&?@%@?gﬁ@??g%a?gﬁ'enbodi ment Figs. 1 and 2

show conpensati ng spade assenblies 10 pivotally attached at the rear of an

artill eryq%@tﬁéﬁpﬂraygﬁ_’g%ehi cle 100 is track- driven, and can have a

weapon (no wn' and 2) nounted 20 on an upper portion of the
vehi cl e 100. Stoppers on the vehicle 100 (al so not shown in the draw ngs)

22 NOV 20 deter.m ne . t he angul ar orieptation of .the spade assenblies 10
el ative T e Ry TR then e el BdL VIl BreBr e thE oved i nto
their sdogpuaes! yomethRied Ny RREoFdMtePWith 49 BfbodAfientndfcahed in Figs. 1
and 2. When the vehicle 100 is being driven or transported, the two 5
gener al | yinvggtieNcal spade assenblies 10 can be swung into a gener ally

Fig. 2 is a plan view of the weapon shown in Fig. 1.

Fig. 3 is a partial side view of the weapon shown in Fig. 1, detailing one

of the spade assemblies shown in Fig.1.

10 Fig. 4 is a cross-sectional drawing of one of the spade assemblies

shown in Fig. 1.

Fig. 5 is a side cross-sectional view of a compensating cylinder

included as part of the spade assembly shown in Figs. 1 and 2.

Fig. 6 is a schematic hydraulic circuit diégram of a valve mechanism

15 included as part of the spade assembly shown in Figs. 1 and 2.
Description of embodiment

Figs. 1 and 2 show compensating spade assemblies 10 pivotally
attached at the rear of an artillery vehicle 100. The vehicle 100 is track-
driven, and can have a weapon (not shown in Figs. 1 and 2) mounted

20 on an upper portion of the vehicle 100.

Stoppers on the vehicle 100 (also not shown in the drawings)



vertical position away fromthe ground. Figs. 3 and 4 show one of the
conpensati ng spade assenblies 10 in greater detail. In Fig. 3, i, S Seen
that the spade assenbly 10 has at one end a spade nounting 12 \Mzi%hf,\mﬁSZﬁ&f;
illustrated nore clearly in Fig, 10 4, includes a boss portion defining a
circul ar opening 103 and havi ng twe si de pl ates 105 as supports. A
nmounting pin 102 can be placed in the circular opening 103, to ensure that
t he spade assenbly 10 is pivotally nmounted to a nounting nmenber 104

integrally, or othefwise .joined with the vehicle 100. | s, arrangenment is
shown | HgemineTaearud Lfrlaten o HuSsEEH Fstambiee JPuidie opade
assenbl y 18.thd WehichPROE aSSeRY Ypdde h8SHBIRS FO GRARRVEBYRAI REirl2, a ground
contacting portion 15, and a spade arm 14 joi ninhg the spade nounting 12

and t he grdmwrdvardiyt edendigg pasitiooneriss. toTuse, gs dudidatedrinddgs.nhangorti on 15 has
a spade poytj.qn 16 and ., a su rt plate . or floaf 18. Th 0 ground
contactin 'p@ﬂ}qnoﬁhei@’%ﬂ?aw .'f;hge'agoﬂ%erhr?d QEE?%?@ecﬁhée gﬁgde assenbl y
10 to tg apgherfallyaaestcd rsﬁﬁtié%lséhﬁliéé)qOtd%\ntlﬁbﬁ‘sﬁrﬁﬂgﬁﬂoa@@ﬁeﬁmgde hount i ng
12 allows the spade assenbly to be nounted with a vehicle 100. The spade

arm 14 canepicahgpsiior@way fremdee gseundat er  described to provide the
conpensating action of the spade assenbly 25 10. The spade portion 16 and
float 18 both have generally flat surfaces. The shape of the spade portion
16 is bet trégs.shand 4 sh@w pne3of theecappaesatingNepadregs@nbligs 18rin16 is

par ) a1 kBB PR 4 P S e e P AR AT, o2
) enbed i nt gnehshcEalshBdwirhSuRase12 Ritidkal dayillasehte8adbleyclearly in Fig,
10 4, includes a boss portion defining a circular opening 103 and having
two side plates 105 as supports. A mounting pin 102 can be placed in
the circular opening 103, to ensure that the spade assembly 10 is
pivotally mounted to a mounting member 104 integrally or otherwise

joined with the vehicle 100. This arrangement is shown in Fig. 3.

15 Fig. 4 shows a cross-sectional view of the spade assembly 10. The
spade assembly 10 includes a spade mounting 12, a ground
contacting portion 15, and a spade arm 14 joining the spade mounting
12 and the ground contacting portion 15. The ground contacting
portion 15 has a spade portion 16 and a support plate or float 18. The

20 ground contacting portion 15 contacts the ground and assists the
spade assembly 10 to transfer forces from vehicle 100 to the ground.
The spade mounting 12 allows the spade assembly to be mounted with
a vehicle 100. The spade arm 14 can be adjusted in length as later
described to provide the compensating action of the spade assembly

25 10.

The spade portion 16 and float 18 both have generally flat surfaces.
The shape of the spade portion 16 is better shown in Fig. 3. The spade



engage relatively firmearth. The surface of float 18 is generally flat and
5 rectangular in profile. In use, the ground contacting portion 15 of the
conpensati ng spade 10 generally operates in the same way as a ZaomMHnQﬂ@pal
spade used on artillery vehicles. The spade assenbly 10 includes an outer
housing 24 and inner sieeve 22. Thé outer housing 24 and inner sleeve 22
are telescopically 10 displaceable so that the length of the armportion 14
can be adjusted to provide a conpensating action as |ater discussed. As
indicated in e housi ng and sl eeve 22 both have a

.3, ]
cr oss- sectRHaN 18;5?' Bﬁﬂ}aﬂyﬁﬁe&ﬁdltgwﬁmétsaq“ﬁ? | pae Mhgfuhas tweneathin t he spade
assembly 1 tﬂﬁé?aqyére K ﬁ&%@ﬁ'@%ﬁ@%‘eﬂgﬁ néd to]z%ilowmé’gbag a tubul ar

pi ston 50 and a c usin nder housin i's attached

with the atibon hlcﬁJ:*.o n@nbédambb tthe eautdhu | vaith paasteomut@ﬁ] aadatemmped with the
i tudi n di spl acenent of

| 22 t
'tﬂgeguts ere%\ﬁ@aaﬁﬁelaﬂne'&ﬁ'&“r%h ﬁﬂéﬁ%@«'fz\ﬁb@i ﬁﬁﬂg@w ly §at pefgt h of the
spade @sse@abu dHar G r@fﬁerﬁﬂH%étﬁ% gnau%d%b atggsamoﬂegs wRager by the

action of the onpen ating cylinder descri cyl i nder
housi ng 66CEpPENSating e&papesﬂﬁrgﬁtereﬂy tdm@ra:tearplenﬁm isame ®ydyi adea 26 are
sealingly en\géi t| ve sI i dabl e. The tubular piston 50

ext ends i fit rﬂ@"@y??% PS% BEIEHBI%V? ﬁ?gh an 25 opening 52 in an open
end of the housing 60. The cylinder housing 60 and tubular piston 50
| i nder cha rised nitrogen gas (1\12).

defi Q filled h
00 Now 2008 SPodh AsAEt D el det Sp i dURn e A 3BAaR e HooVE | naer 26

) towards ap2 The outer housing 24 and inner sleeve 22 are telescopically
10 displaceable so that the length of the arm portion 14 can be adjusted,
to provide a compensating action as later discussed. As indicated in
Fig. 3, the housing 24 and sleeve 22 both have a cross-sectional

profile which is generally rectangular.

Within the spade assembly 10 there is a compensating cylinder 26
15 including a tubular piston 50 and a cylinder housing 60. The cylinder
housing 60 is attached with the outer housing 24 and the tubular piston
50 is attached with the inner sleeve 22. In this way, the relative
longitudinal displacement of the outer housing 24 and the inner sleeve
22 and thus the length of the spade assembly 10 can be regulated in a
20 predetermined manner by the action of the compensating cylinder 26

as later described.

The cylinder housing 60 and tubular piston 50 of the compensating
cylinder 26 are sealingly engaged so as to be relatively slidable. The
tubular piston 50 extends into the cylinder housing 60 through an
25 opening 52 in an open end of the housing 60. The cylinder housing 60
and tubular piston 50 define a cylinder chamber 30 filled with

pressurised nitrogen gas (N2).



extended position, that is with the tubular piston 50 and cylinder housing
60 | ongitudinally displaced fromeach other so that the Ien%z of éhe
spade assenbly 10 is nmaxim sed. That is, in the absence of x N8NV ndbb4
forces, the pressurised gas acts to extend the length of the spade
assenbly 10. The cylinder housing 6@ and tubul ar pi ston 50 are respectively
provided with a housing ring seal 56 and a piston ring seal 54. These ring
seal s 54, 56 divide the annular space between the housing 60 and 10 tubul ar
piston 50.into a firs mber 32 and a second chanber 38. A

| ongi t udi Hjﬁ'lel DIESEHETR aaﬁ iases ﬁsccwmnfa@anwyanqﬁro?%@wﬁsw part of the
ext er nal %‘:&fécrféi%@mﬁ%sﬁlgﬁ GRrAt! &d%thh?ﬁ@'t[}ﬁ% gtleﬂ Hchné e‘ﬂ gps' tioned to

allowoil to flo etween the first cha chanber 38,

" via val ve howsingrB® mngﬁuamupnemauea B6m éécthmeacsbl that tfe dngttconpensat i ng

)

cylinder 2 sre ulated | ockin ction which is automatically

a%:/ti vat ed® gﬁ"lﬂ? rf‘@a g’lﬁq f?g”lﬁx“%ﬁ’@g \Edé@b&] insther AB$EnIEOf engt h™ of the
spade éssémérlyalli@rée% RA&E réﬁ&ﬁ%@dt%ﬁ LB A ﬂeﬁ@tth lehgﬁ{' ﬁﬂ‘ﬁa{ ease. This

| ocking action is achieved using al ve nec anlsm provi des a
hydr aul i capége apegmablydiG.ocki ng 20 arrangenent. The val ve nechani sm 40

(i ndicated by the outlined box depicted in Fig. 5), connects the first
chanmber 32 with the duct 34, which is in fluid communication with the
second chihbecylﬁﬁlevi hotdieg af@r and ehBularTipistonw ab® eareakepéctivefl0 regul at es

the flow of o ween these first._and,6 25 second chanbers 32 and 38
t hr ough dﬁ@t‘” Wgé\(‘]‘ gﬂ%“%d\?@rﬁ?gtﬁ@e&"q 8| Ristopd gL el hsThisa he cyl i nder

housi ng 6 Ul=ar t two chanbers
i 389adfnjgg?§al%;§eh rSg da{?i}jé etl‘?é' anflulaFRBacé beWw&n fid hARING BB dre

10 tubular piston 50 into a first chamber 32 and a second chamber 38. A
longitudinally oriented duct 34 is defined by a projection on part of the
external surface of the cylinder housing 60. The duct 34 is positioned
to allow oil to flow between the first chamber 32 and the second

chamber 38, via valve mechanism 40 and aperture 36.

15 The action of the compensating cylinder 26 is regulated by a locking
action which is automatically activated during repeated firing of the
weapon, so that the length of the spade assembly 10 is predisposed to
increase rather than decrease. This locking action is achieved using
valve mechanism 40, which provides a hydraulically operated locking

20 arrangement.

The valve mechanism 40 (indicated by the outlined box depicted in Fig.
5}, connects the first chamber 32 with the duct 34, which is |n fluid
communication with the second chamber 38 via the aperture 36. The
valve mechanism 40 regulates the flow of oil between these first and
25 second chambers 32 and 38 through duct 34, and thus governs the
relative positions of the cylinder housing 60 and tubular piston 50. The

flow of oil between the two chambers 32, 38 adjusts the relative



vol unes of these chambers and accordingly adjusts the Iength of the spade
assenbly 10. Wien the oil pressure in the first chanber 32 _is higher than
the oil pressure in the second chanber 38, the contacti ngfpor\ttor} 15 is 5
generally retracted. As oil noves fromthe first chanber 32 to the second
chanber 38, the volunes of the chanfers 32, 38 adjust to accomopdate the
transfer of oil, so that as the spade assenbly 10 progressively extends,

t he second chanber 38 reaches its maximal volunme while the first chanber
32 reaches its mnijyal volupe. 10 The t sfer f oi | between the first and
second chaffj¥pes t&?&p §§amg§%aﬂgﬁ&§°f({\%gq&(ﬂ%w?ﬁ lgnoth HJh® of the spade
assenbly, d efé@é}ﬂﬂﬁﬁ@d by the val ve nechani sm 40. The structure of the
valve mechanismis own schematically in Fig. 6. The val ve nechani sm 40
conmmuni cates with the first chanber 32 through opem ng 72. OI flows 15

fromthe fé/‘\lﬁ%ﬁ tﬁgaﬂpgfeséaré %W@*ﬁr@g&éﬂﬁbfeﬁ Bﬁq gh%(rag]\% %ﬁ) the second

chanber rough opening e conpensa Iston 50 is

progr essi peéssieat ianthel. sebonor chargbyr, 38hethbeogttaciiig tmﬁttomym neler 26 can be
is not retracted as the oil in the second

rogr essi vel t ende ) ,
(F:)hanbe 3@%%@3& ra&??q)a‘g?( Vo mayest Irpay thendktlethapben Sghibdlyh the one- way
throttle ergt nt the oil in
chanbers é%bgﬁ%%gn} ronﬁ]q@\% %%hgﬁ? ?ﬁt@ggﬁﬁﬁsg% Squjglgf\é(Zpectl vely.
Any r educicopmofodate theduarnsferf obiil, sa thahasfthesspadbaatmmﬁlg (@hat is,

| eak back th h th throttl | 2 the fi rst chanber
3(233le iagem ?f%‘?ﬂa{?ségéﬁ?h@d?'g%%ﬁ%ef 6%/%@ &b mgﬁr e CrAl?S 5'??”99"3 for exanple,
| for aroundom%Whhétrﬁ@ﬁ@ﬁeﬁambéhez\féé&?emscnmmmg[déﬁc' udes

pi | ot - operated check val ve 46 wh |1 ows oil ow fromthe second
chanmber 38 to flow out through

10  The transfer of oil between the first and second chambers 32 and 38,
and hence the adjustment in length of the spade assembly, is
facilitated by the valve mechanism 40. The structure of the valve
mechanism is shown schematically in Fig. 6. The valve mechanism 40
communicates with the first chamber 32 through opening 72. Oit flows

15 from the first chamber 32 through one-way throttle valve 42 to the
second chamber 38 through opening 78, as the compensating tubular
piston 50 is progressively extended. Accordingly, the length of the
cylinder 26 can be progressively extended, but is not retracted as the
oil in the second chamber 38 cannot flow back to the first chamber 32

20 through the one-way throttle valve 42. The check valves 46 and 48
server to prevent the oil in chambers 38 and 32 from flowing out to
openings 74 and 76 respectively. Any reduction of the amount of oil in
the first chamber 38 (that is, leakage back through the one-way throttle
valve 42 to the first chamber 32) is minimal as the recoil forces act only

25 momentarily, for example, for around 100 milliseconds).

The valve mechanism 40 includes pilot-operated check valve 46 which

allows oil to flow from the second chamber 38 to flow out through



22 NOV 244 9 opening 74 so that the conpensating cylinder 26 %nd hence t he
length of the spade assembly 10 can be retracted after use.Z #hiN8YpRbdH -
operated check valve 46 is operated by input oil pressure fromthe pil ot
line link to the opening for input gpening 76, when it is required to 5
retract the spade portions 16 at the’ end of a firing session. The input
oil fromopening 76 can freely flow through the check valve 48. This
action can be used to retract the cylinder, by allowing oil to flow back

into the fi t m th h i 78.. .Th | i || | d b
e’ or aes dRSTNG A4 1l st ComENFAtRGe g AR co gt iengtBuent 26 e
bypass of dffihd BBic OhdsdrIgUIN ddIF HRNFatRLed iR Lo vahKepfidr. The open ng

76 in the valve nechanism 40 can be used to input oil ‘externally to the
first chardperag checkemahwodt tsheparata by inpiut b prasurd frenpthesgilote rel i ef

| ve 44 dj sc} i| f th nb the oil i first and
Second chihBal B T ppestiitomBot) BERRE £6pMhebuf i€ analithd 8 ¢ her ral
expansipn refraéthheOdpade’ortibhs A alCPR! end of aPfirfes8stioi The pupe provi ded

t hrough opening 76 as appropriate. In this way, the valve nmechani sm 40

al | ove relodtfrom eperpnagénean fisely flaw breugh Heushegk valvarfs. i Hrer fs| ceve 22OI
assendl y 20ang e 355 B aRec UpE PR PRI W BeRE Compensat i ng

action pravbdad firSlyclidieb&oBpensayh tpepig PEEThE Gaikl wihet Elgséd oat 18 to be
generally maintained in firmcontact with the earth despite recurring

firing of byrbe miespeie fromethe PlotWREpbRkadsTroe peeniBadS iheravemicl e 100 is
drivengl ntPaﬁ’gstf 2NnpuSi MRELIH R SHRIG IR L 8Se 49, pi votal ly located in

) their oper

The opening 76 in the valve mechanism 40 can be used to input oil

externally {o the first chamber 32 to retract the tubular piston 50.

The pressure relief valve 44 discharges oil from the chambers when
the oil in the first and second chambers 32 and 38 becomes overly
15 pressurised due to thermal expansion of the oil. As the oil cools,

replacement oil can be provided through opening 76 as appropriate.

In this way, the valve mechanism 40 allows relative displacement of

‘ the outer housing 24 and inner sleeve 22 so that the distance between
) the ground contacting portion 15 of the spade assembly 10 and the
20 ground to be adjusted after firing. The compensating action provided

by the compensating cylinder 26 allows the float 18 to be generally

maintained in firm contact with the earth despite recurring firing of the

weapon.

When the weapon is to be used, the vehicle 100 is driven into position,
25 and the spade assemblies 10 pivotally located in their operative
position. The vehicle 100 is reversed a small distance so that the

spade portions 16 catch against, and are then embedded into the earth



position. The vehicle 100 is reversed a snmall distance so that the spade
portions 16 catch against, and are then enbedded into the ed?hygy2oiaV
2004 10 due to the notion of the vehicle 100 relative to the ground. Wen
t he weapon is fired, recoil forces act to push the vehicle 100 backwards
and downwar ds. However, the floats 18 and spade portions 16 act agai nst
the earth to prevent substantial novenent of the vehicle 5 100, and the
spade portions 16 prevent the spade assenblies 10 from dislodging fromthe
earth. Though the outer housing 24 and inner sleeve 22 can be relatively
adj ust ed, dﬂ'ﬁéo\ﬁaﬁ\’ﬂ@tf?ébq?féhﬁé’ﬁ‘hw &0 ielative tonthe graendpade assembly 10 is
essenti aI ly rigid during firing. O course, a small proportion of the
recoil forces will be absorbed by the spade 10 assenbly 10, acconpani ed by
a m ni mal V¥hen tteeiwepnan tSh‘éraderrgcml farcep act é@mha%@emlylelm(ms some

Che 11 oat Daghuplt iRl daPbwerds Bin SR 8t 36 R0 <RAds Edhe™ o Lery”
shortly afiBeict ahaireticseatto prvehhsabsthhtal Thadnassemit wehitld s 15

i ncr eased bé t he conpensating action of the outer housing 24 and i nner
sl eeve522188, argthe ﬁ@a¢¢§9f“0118 1Gspevepbie $nadﬂ>asseﬁmbhas£%fmmmy engaged

wi th the Sgrcfd&lr@qyorﬂaﬂgegégﬁdmgpﬁ\ﬁqﬂet DGtel ! ks n’]i ?ngn{j arth is

advant ageous npensa he“weapon 1S equate raced before

t he next &leeva@2 &n Eblrelaméllyomjl@été@V\met\hﬂve/ﬁ”mchbﬁlshD4bﬁen§mréﬁ ained in firm
cont act W|th the soil to allow for npre accurate firin | ess stress on
t he spadethahdie sBpfle @ssembig1Q sheesantiafy sgidsdunng firing.Ha GRSel e 100 i s not

) subl ect & QnfaiPhRSPorfit 7t TeBRY RITEES it Be! Sbddifed By te {PAdPS MVING to

10 assembly 10, accompanied by a minimal shortening in the length of the

spade assembly 10.

As some compaction of the soil wi.lf inevitably occur after firing, a gap
between the fioat 18 and the earth is typically formed. As this occurs,
or very shortly after it occurs, the length of the spade assembly 10 is
15 increased by the compensating action of the outer housing 24 and
inner sleeve 22 so that the float 18 is at most if not all times firmly
engaged with the earth. Any gap formed between the float 18 and the
earth is advantageously compensated so that the weapon is

adequately braced before the next firing.

20  This action allows the vehicle to be maintained in firm contact with the
soil to allow for more accurate firing, less stress on the spade
assemblies 10 and vehicle chassis. Also, the vehicle 100 is not subject
to violent surges in movement due to the recoil forces moving to close

gaps formed between the float 18 and the soil.



gaps fornmed between the float 18 and the soil. 2 2 NOV 29h CLAIMS 11 1. A
sel f-conpensati ng spade assenbly for use on a self-propelled vehicle having
a nounted weapon for generating a recurring recoil force, Qewﬂﬁ
assenbly 5 including: (a) an elongate spade arm (b) a spg e u aéhg at
one end of the spade armfor nmounting the spade to the vehicle; (c) a
ground contacting portion at the other end of the spade arm the 10 ground

contacting portion including a support plate and a spade portion which are
mut ual |y Bositioned so that when the14pade assenbly is in use the support

pl ate res¢bAMRI nst the earth to at least partly transfer recoil forces
fromthe weapon to the earth; (d) the spade arm having a conpensating neans
able to automatically bias 15 the spade assenbly in an extended position

t o regul at-e A $Rif-gosignpatisiy spade assradfaly farmsa e a srikprepeligdevebislethaving gr ound
contactin i ' Al |l In il ¥ ont act
g %Orh&zl)rﬁé‘d m{hﬁ%g%&‘?{%ﬁé%érﬁtlﬁyb REAIRLrecBil fdrééﬂtl?@g%&iénéés@%lyc _

with the earth vehicle I's standing;, (e e conpensati ng
means 3 ncl udichigling: t el escopi ¢ engagenent of two 20 relatively slidable

menbers; and ( )aﬁe@b};@ Jp2fe gﬁ?ul ating fluid comunication between two
di stinct chanbers during use of the sel f-conpensating spade assenbly to

adj ust t he relbhaispadpayuntinthaiopne erd efibesppde puefgr mouniiagithe pRadsers. 25 2.
A sel f - conpensat E‘W‘e%ﬁﬂ% assenbly as clained in claim1l, wherein the two
e

relatively slida menbers define a seal ed chanber containing a source of
(c) a ground contacting portion at the other end of the spade arm, the

10 ground contacting portion including a support plate and a spade portion
which are mutually positioned so that when the spade assembly is in use
the support plate rests against the earth to at least partly transfer recoil
forces from the weapon to the earth;

(d) the spade arm having a compensating means able to automatically bias

15 the spade assembly in an extended position to regulate the length of the
spade arm and thus ensure that the ground contacting portion is
generally maintained in firm and constant contact with the earth on which
the vehicle is standing;

(e) the compensating means including a telescopic engagement of two

20 relatively slidable members; and

(fHh a valve for reguiating fluid communication between two distinct
chambers during use of the self-compensating spade assembly to adjust

the relative position of the two relatively slidable members.

25 2. A self-compensating spade assembly as claimed in claim 1, wherein the two
relatively slidable members define a sealed chamber containing a source of
pressure, the source of pressure being selected from the group consisting of:

hydraulic and pneumatic.

30 3. A self-compensating spade assembly as claimed in claim 1, including an
automatic locking device to maintain the self-compensating spade assembly

generally rigid in compression during firing of the weapon.



pressure, the source of pressure being selected fromthe group consisting
of :  hydraulic and pneumatic. A 3. A self-conpensating spade assenbly as
claimed in claim1l, including an autonatic | ocking device 2 n{0Nt 2804 t he
sel f -conpensati ng spade assenbly generally rigid in conpression during
firing of the weapon. 2 2 NOV 200'4 12 4. A self-conpensating spade
assenbly as clained in claim 2, including an autonmatic | ocking device to
mai ntai n the self-conpensating spade assenbly generally rigid in
conpression during firing of the wealfon. 5 5. A spade assenbly as cl ai ned
in cl ai m41, Awherseifreomipensaing s of tsPgeduBEseblE  aSpAdRiMgar tf 0f35Bnedt r at es t he
earth on whj ; V%ﬁf?tﬂﬂ il [EeTeN det he spade
portion pre'gglggh?%é]ht y %'gda'?%@%ga? elagtl?rr?g@tea\{mgﬁ %&?ghﬁeg%%gt@gti ng spade
assenbl y asasseaibivedenegialiyl rgigrinzompressisinrfiuring figng ofdhe M§apRns i ncl udes a
one-way val ve and a check val ve, the one-way valve acting to provide the
generally rigid conpression. 7. A vehicle having nounted thereon a

pl ur abi t ¥. oh speti¢ -assemblyast ¢laigedpaddaimatswhgipinewhelt earsgftrgrouns. dhai m 1. 15
8. A vehicl i £ Wl | i 0 i ng spade
assenbl i es %@?%ﬁgﬁﬁgﬁgggﬁgﬂn@é 9. riw\ellgﬁit@% géﬁ%d\ﬁlrsléﬁnr{gmf gﬁ& Pﬁg& eon a
plurality ofnkatigrandpbesaadiapporipagwessentichlly agpinstdse a¢éasedi ng to cl ai m 3.
10. A vehicl e having nounted thereon a plurality of self-conpensating spade
assenblies according to claim5. 25 11. A vehicle having nounted thereon a
pl ural i t $- oA sebcompensaing apadryasseatly assieiamgs] inedaiacd ovhereip the velvai m 6.

10 means includes a one-way valve and a check valve, the one-way valve acting to

provide the generally rigid compression.

V)

7. A vehicle having mounted thereon plurality of self-compensating spade
assemblies according to claim 1.

15

)

8. A vehicle having mounted thereon plurality of self-compensating spade

assemblies according to claim 2.

n

9. A vehicle having mounted thereon plurality of self-compensating spade

20 assemblies according to claim 3.

o

10. A vehicle having mounted thereon plurality of self-compensating spade

assemblies according to claim 5.

plurality of self-compensating spade

jo

25 11. A vehicle having mounted thereon

assemblies according to claim 6.

12. A vehicle as claimed in claim 7, wherein two spade assemblies act in
combination to assist in stabilizing the vehicle during recurrent firing of the

30 weapon at any desired bearing.




12. A vehicle as clainmed in claim?7, wherein two spade assenblies act in
conbination to assist in stabilizing the vehicle during recurrent firing of
the 30 weapon at any desired bearing. 22Nov2004 13 13. A vehjel )
clainmed in claim8, wherein two spade assenblies act in corr‘nirkgéiSircﬁfgmt"z
assist in stabilizing the vehicle during recurrent firing of the weapon at
any desired bearing. 5 14. A vehicle as clained in claim9, wherein two
spade assenblies act in conbination to assist in stabilizing the vehicle
during recurrent firing of the weapbh at any desired bearing. 15. A

vehi cle d$. 8| wehidel asn diimpen inoclaifhe eiwhereip igageades gesmmnblies adtinin 10

combinat! onerihifsEntl bbisliRNIRAR i FeOl] diifg MLttt RREr sreme 1111 0g of
the weapon at any desire earing.” 16. A vehicle as clained in claim 11,
wher ei n t wowegraienat aoy dasiraddeagng. in conbi nation to assist in stabilizing
the vehicle during recurrent firing of the 15 weapon at any desired
bearing. 17. A vehicle as clained in claim 12, wherein the spade assenblies
are obi ertdedd vejesieras Iclpiroed viar i 13 owhengln i nagdet assemilies | 3% ihe vehicl e

when the we i ?ﬁ“?& fo' L&sktah liiﬂ?gsitﬂaeegem&@rdd?ﬁg rRCurtht MinYesr hke as

clainmed in c erein the spade assenblieS are oriented generally
out war dl y fweaponas angHeeites hegrigg.abi | i ze the vehicl e when the weapon is
fired at any desired bearing. 25 19. A vehicle as clained in claim 14,
wherein the spade assenblies are oriented generally outwardly fromthe
vehi cl e t18. At vdhidle s clinmedlin cl@mwABn Wﬁ@'ﬁ\gﬂﬁofiPEI@ apsamiiieat aAny desired

bear ilgg. combination to assist in stabilizing the vehicle during recurrent firing of the

weapon at any desired bearing.

16. A vehicle as claimed in claim 11, wherein two spade assemblies act in
combination to assist in stabilizing the vehicle during recurrent firing of the

I5 weapon at any desired bearing.

17. A vehicle as claimed in claim 12, wherein the spade assemblies are oriented
generally outwardly from the vehicle to stabilize the vehicle when the weapon is
fired at any desired bearing.

20

18. A vehicle as claimed in claim 13, wherein the spade assemblies are oriented

generally outwardly from the vehicle to stabilize the vehicle when the weapon is

fired at any desired bearing.

25 19. A vehicle as claimed in claim 14, wherein the spade assemblies are oriented
generally outwardly from the vehicle to stabilize the vehicle when the weapon is

fired at any desired bearing.

20. A vehicle as claimed in claim 15, wherein the spade assemblies are oriented
30 generally outwardly from the vehicle to stabilize the vehicle when the weapon is

fired at any desired bearing.



20. A vehicle as clainmed in claim115, wherein the spade assenblies are
oriented 30 generally outwardly fromthe vehicle to stabilize the vehicle
when the weapon is fired at any desired bearing. 22 NoV gﬁ)ﬂMNq,w 22%. A
vehicle as clained in claim16, wherein the spade assenblies are oriented
generally outwardly fromthe vehicle to stabilize the vehicle when the
weapon is fired at any desired bearing. ABSTRACT SELF- COVWPENSATI NG SPADE
ASSEMBLY A spade assenbly for use on an artillery vehicle conpensates
any gaps which woul d ot herwi se be fd&fned between a, ground, supporting
portion oAl fh¥chigacs cRseemhil FaliRg1®neVREgEn. theesp t?FSSf“bﬁ?n{é d5ade
assenbly i sqasitaniyaesamnsbitwafREMSAL @ehicR toBtaiRetht hehsRarieeragrenbl y in
firmcontact with the soil. This can increase the accuracy of the weapon

in firing, ¥SaPAVSiEPdMtANKSesitidhaatB8nent of the gun whi ch can be
caused when the spade assenbly is not maintained firmy engaged with the
earth. Fig. 3





