2 2 NOV 2004 | SELF- COVWENSATI NG SPADE ASSEMBLY Field of th§ i nventi on
The invention relates to spade assenblies suitable for use on2 dr tNO 004
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. | i Lyarranged as two arns
pivotally nount edﬁ'%ﬁ@@ﬁﬁm%ﬁigééﬁéﬁgﬁg sitioned so that they
penetrate the soil. This arrangenent transfers recoil forces fromthe

weapon to_fh und nd di scourages the vehicle fromnoving under 15 the
i nfl uence ‘?Pgé'g?l ‘i’%ﬁb‘& 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 gssgmgsr%%r}aegptﬁeoinggmkﬁss the soil on which

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 ground, and discourages the vehicle 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



they act, and the vehicle tends to return to its fornmer position after 2 2
NOV 2004 2 firing. Accordingly, a gap is fornmed between the ?aﬂﬁ ﬁémﬁﬁbly
and the soil. Subsequent refiring causes the spade assenbl g nt o
contact wth the soil again, after the gap between the spade assenblies
and 5 the 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 reinforcenents are not provided. Further, free-play between the
spades andfifingk Agsiordingly, pedAR is f%@edlbﬁtW§§ﬂrfB@>BR§|ﬁefa&SQﬁ¢P|y widn lowfire
rate accur@%y(is requi red, one approach has been to "re-lay" the weapon to
conpensate tor angular shifts of the vehicle after each firing. It is an
object of the invention to address these and other deficiencies associated

W th existg ) S nbl ar rangengnts. unmar invention The
i nvention %%@%g?égﬁg {t?fa?f?arr% @f)%ﬁf@g'é{jgem Bl(t'oiﬁ"f' for use on
a vehi cl e \igvitng sail @m %ﬁeeaetﬁeogbpgaem&éd e épé&@lafs&émaheé @ngi | force, the
spade assenbly inclu gr an el ongate spade arm a spade nounting at one

end of ﬁhéhg;ﬁ@désaﬂcpﬁado mwﬁfncraysen@nss:fﬂal@letstr@sesmnhe|seadand a ground
contacti ngas%%FntHIng Qﬁdtfﬁe tﬁé hgt ué?tnpe h%e vse%lc(ile monktlng These

stresses can cause significant damage 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



the ground contacting portion including a support plate and a spade 3
portion which are nmutually positioned so that when the spade as-_sei[m!{y%@
in use, the spade portion penetrates the earth on which the weapon fs-*7
standi ng, and the support plate rests against the earth to at |east partly
transfer recoil forces fromthe weapon to the earth, 5 characterised in
that the spade arm has a conpensating neans able to regulate the |ength of
the spade armto ensure that the ground contacting portion is generally
maintained in firmcontact with the earth on which the weapon is standing.
Pref er abl POrtigRR Whighe®at MtuaBakesiticeddss dhatevivghe spadengagenment of
two relati I nmgb L+04 C aining a
source of a;%%la%a i'sgﬂ-gpg%neungée?%éjg’frog@snﬂggﬂevﬁ%%qﬂgc@wgﬁb@ﬁgﬁthe spade
assenbl y ithe aveapohdgdehdiagidndahe sopebearpdteyrestsheyaimsdiec aaghnbl y can be

mai nt ai ned generally ri g}i d in_  _conpression when the weapon is being

r epeat edl P63t parthy tanstaprapoil fercepifiom theywapeor ip e e#thiuse of an
automati c | ocki ng arrangenent which ensures that, during use, the |ength
of the spade assenbly can be increased but not decreased. Preferably, this
i s achiPeved by ChREAgteiseg indhat theagnadeading has ueeBBEERSHWMEANSNI ch t he

vol unes o | &1} I LUSt LAt | ow from one
chanber tfgb?%g} *é%ﬁ%t?ﬁﬂ% ttﬁsoqe{ﬁ?%g%?%g?&h@?ﬁeﬁ%g%it@éet tﬁgsqtrplﬁ%él of the

sl i dabl e wentaeting pbnton isvegnisrally mainthigved indindamtactweith tHeeednttyi ng nount ed
thereon one or nore spades according to the first aspect of the invention.
Pr ef er abl § “Y%h%*ﬂfaﬂ@agggé?rﬁqainéﬁ"gare used in conbination to assist in

Preferably, 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



stabilising a vehicle during recurrent firing. Preferably, the spade 25
assenblies are in use angularly orientated at 400 belom/horiZS%Qal pgﬁé
nmutual |y positioned so that they define an included angl e of '.N$H| % 2
NO V 2004 4 outwardly defined assists in stabilising the vehicle against
recoil forces acting laterally as Well as transversely of the weapon.
Description of drawings Fig.1 is an isonetric view of a vehicle fitted with
sel f-conpensating 5 spades constructed in accordance with an enbodi nent of
the invention. Fig, 2 is a plan view of the weapaon shown.in Fig. 1. Fig. 3
s a par t iCHEVEI OB fiagd BRSIRan saRilsINg ReaNehiserrgRIngt regal 4PT0PRg “one  of  he
spade ass } } ! | ka4 b cross-sectional draw ng of
one of thgﬁ@B§§§e§2@§%%T?%§ég?ﬁ%&%g?ﬁugﬁgé“T%péPg. 5is a side
cross-sectional view of a conpensating cylinder included as part of the

spade ass¢ydd¥i ' igs. 1 and 2. Fig. 6 is a schematic hydraulic
circuit di agrc)zg'rﬁto afyg?@e chanism 15 included as part of the spade

assenbly shown in Figs. 1 and 2. Description of enbodinent Figs. 1 and 2
show conmpensating spade, assenbljes 10 piyotall. aitached at the rear of an
2rei ery Fib & an I0GMEHRC AR oL S vae, tted b sBlreBEEhsRlindan nave a
weapon 5( n@%aﬁ@@“@ométrtﬁtm- inl #Rdrdancd Uit dan 28mbddafieNPRET tiRrtion of the

vehicle 100.
invention.

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)



St oppers on the vehicle 100 (also not shown in the drawi ngs) 22 NOV 204 5
determ ne the angul ar orientation of the spade assenblies 10 relative to
the vehicle 100, when the spade assenblies 10 are noved into the%r NOY 2054
downwar dl y extending position prior to use, as indicated in Figs. 1 and 2.
When the vehicle 100 is being driver or transported, the two 5 generally

I denti cal spade assenblies 10 can be swng into a generally vertical
position away fromthe ground. Figs. 3 and 4 show one of the conpensating

spade assephlies i n reater detajl. In Fig. 3 .t iis seen that the
spade asséi%g?&m'ﬂﬁ_]lﬁﬁsaw%ro?féerﬁﬂ%mhotblfdgp%‘g%%is?er@bh%s mirg%?'vﬁs_ i | lustrated
more cl earhhé Rehicth 166 wWheh B Ssiafe 8sQ986162010 bRNRSELNATRANhajrCI T cul ar
opening 103 and having two side plates 105 as supports. A nounting pin 102

can be pl atwewardlyt érdending lositionpenintg use3 astindieatedrin Rigait1 ahd spade
assenbly 10 | Lvotal l ted to a mounting nenber 104 integrally or
ot her wi ;ejz'j %\ﬁ-ﬁé‘g tk}\?t‘f?r}'%qgm\g i'él Qe'TQO?“‘ﬁﬂ soraﬁ?g t%es t‘gﬂown in Fig.
3. 15 ¥ 9.gchePdIRViBenticd] @padE 2eERMALSs 10N Be EWHEngRRGA géﬁémn y 10. The
spade assenbly 10 includes a Sﬁade nounting 12, a groun contacti ng

portion 1%ertinalipasiipa@wayrfrem4ne grotingg t he spade nounting 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 15igord aodst shewgreuaiithendompensating: spades paskmbliseidliy 10 to

LRt t GPEER S LTI 5t BSehrA BE cscifp R RaT 0 22
- one end a spade mounting 12 which, as illustrated more clearly 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



a vehicle 100. The spade arm 14 can be adjusted in length as |ater
described to provide the conpensating action of the spade assenbly 25 10.
The spade portion 16 and float 18 both have generally fl at suriﬁb¢ﬁﬂ/2mpp
shape of the spade portion 16 is better shown in Fig. 3. The spade 22 NOV
2004 6 portion 16 is partially tapefed towards its distal end which has two
teeth 17. This tapered and toothed profile is designed to allow the spade
portion 16 to enbed into the earth with ease initially and readily engage
relatively firmearth. The surface of float 18 is generally flat and 5

rect angul &OTieN Bgdi’r ppdially fangsed tewardsrisutiatat 8¢ xéicmgapbre e 15 of the

comensal 9 EI5pIRCERS 1AL KAOPRIR 8 gbfohds SAIRSe Shof convert] one

spade used on ar ry vehrcles. e spade S an outer
housi ng 24aatich i thdéo ehbed eint®2he Tharthuvith dasesinignlB4anddraaaiigr sl eeve 22

are telescopically. .10 di spl aceable so that the length of the armportion 14
can be adj%’g?eﬁ,m%f'ﬁelﬁgﬁ'%Qﬁéﬁh%@@nﬁﬂ%&%%ﬂ@aﬁgi'%ﬁea%raﬁmﬂéFaﬂ‘?‘scussed. As

i ndi catged (¢ ' 3, N h

cr oss-ngctr?%}ﬁggmggrlﬁﬁrlmeév\hhfgﬁé’i g]esgrn@gl yrﬁ?ée‘t&g; %'E@Qr?@&ﬁ*ﬁ?n t he spade
assenbl y tontpesseating spadenpéngendratly operaiderin2the s8menataydaagaa t ubul ar

N th the GaPEr AL PR 4o e B RURHEREIS ston 50 1S attached vi th the
i nner sleeve 22. In this way, the relative |ongitudinal displacenent of

the outer T 8usspialag azs%e?n%ﬁiy %g?nélﬂcri]eesr aﬁlo%?c\a/rehousing 24 and inner sleeve

22. 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).



22 and thus the length of the spade assenbly 10 can be regulated in a 20

predeterm ned manner by the action of the conpensating cylizgzr 26 _as
| at er described. The cylinder housing 60 and tubul ar piston NPVt A4
conpensating cylinder 26 are sealingly engaged so as to be relatively
slidable. The tubular piston 50 extfends into the cylinder housing 60
through an 25 opening 52 in an open end of the housing 60. The cylinder
housi ng 60 and tubul ar piston 50 define a cylinder chanber 30 filled with

ressuris nitrogen gas (1\12). 2 2 Nov 2004 7 The pressurised gas biases
Itohe corrpeﬁg‘iﬁ)rﬁﬁs Wq(ﬁ%? %%9536\5\'&%“%@1753@%9&%@@” tewaisds @amat is with

t he tubul IS0 n ' ' orgi i di spl aced
frgm gagh%g(%éﬁfgr%kjsgotélﬁgﬁ’ ?mlée:tyiée%ﬁ th%ﬁﬁ?k@gsﬁsgtglg ggséﬁgl éﬁilfbg{s maxi m sed.
- That is, housihg Gbkenidadiobilp deplaredafrofmosassotiengopthas e lehgth gas acts to

extend the_ length of the spade assenbly .. The cylinder housing 60 and
tubul ar pPEid édﬁr%ssteé'%lﬂ\écﬁ {Re MPXITPISE; gﬁ"&"\ﬁﬂ'ﬁ en8bese Pfng seal 56

and a Bi SEQRrAdINGr&R2the preddifi dl%éé‘ﬁc&el%' éxtefid tﬁ@g%h%ﬂlhde ttl&f annul ar

space between the housing 60 an t ubul ar piston nto a first chanber
32 and a seadmdsediablyet0.38. 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 allowoil to flow between the first
chanber 3Zheandylinder secesidg 60aabér hdBarvipistoml 5@ archeaspedtivél and aperture
36. provided with a housing ring seal 56 and a piston ring seal 54. These
ring seals 54, 56 divide the annular space between the housing 60 and
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



15 The action of the conpensating cylinder 26 is regulated by a | ocking
action which is automatically activated during repeated flrlng of the
weapon, so that the length of the spade assenbly 10 is predusppsed‘ﬂp

i ncrease rather than decrease. This |ocking action is achieved using valve
mechani sm 40, which provides a hydr&ulically operated | ocking 20
arrangenent. The val ve nechani sm 40 (indicated by the outlined box depicted
in Fig. 5), connects the first chanmber 32 with the duct 34, which is in

fluird co ni cat| e second chanber 38 via the aperture 36. The
va:Jve mech @ﬁ?@@ g@@SE{shgn Ia&%o ”QJVIadﬁéﬁtWﬁQ%Eé’fh?st and 25

second ch nﬂﬂﬂ 188 through duct 34, and thus governs the relative
positions%§% F%g%c nder housing 60 and tubul ar piston 50. The flow of

oil between the two chanbers 32, 38 adjusts the relative 8 volunes of these

chanbers adeAqRE"d| pﬁ@éﬁéj{gﬁ@%ﬂge h&BBED 3lis HiGhe RS BATO! Y 10, Vihen

the oil pressure’in I ghe han t pressure

in the sepoesbrbambéie 32cohtieclambarct3dnghpocontactidd patidn gEhdsal |y
t chanmber 32 to the second chanber

d f the f
r a8 r? ﬁter‘evﬁﬁﬂﬁéﬂ'yofet@?ge%kégr&k g'e%’?lsr 8M ], dirst; %hafﬁ%b%ﬁfhtﬂéet he transfer
of Ol SSebbfl Aanidt? ShARR AABRIES! dr L cABMBERS 3DV Aevafikprgls, the second

chanber 38 reaches iIts neExi ma vol une Fst ¢ 32 reaches
i ts m ni maccemmorate 10e Trensferaok bér softhai bs be vepatet assefmblytmind second
chanbers 32 and 8I e%nd hence t he tbrre t.in length of the spade
assenbl y, (%gresswey extends, the secon c am er 38 reaches”its maxima

volume while the first chamber 32 reaches its minimai volume.

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



facilitated by the val ve mechanism 40. The structure of the vglve
mechani smis shown schematically in Fig. 6. The valve nechand éni8§ 2034
comuni cates with the first chanber 32 through opening 72. Ol flows 15
fromthe first chanmber 32 through ogg-may throttle valve 42 to the second
chanber 38 through opening 78, as t conpensating 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

chanber 38 car.mo ro E to the fi rs; ?’W,\‘ éhr ou t he one-way
throttle VHSE Gh c‘kOfUB?%aé‘”ﬂec Hﬁeﬁ 398 celge nt the oil in
chanbers 3§ Wsﬁgdér%@énhlﬂw 19 Qi HeO retPRasd %r7és@n¢h%6§r|@ﬁpect ively.

Any reduction of "the amount of oil in the first chanber 338 (that is,
| eakage bageratedathgickivadveote isnegeratacoby [nput vilpvessaipe front the pilotst chanber

o1 b ounanFolils € bR O 7hEEE oL A niem RO Ml o o ™
pi | ot - gperatrast heesadeapy®iods Mhatcthe @H\d @w fidg §&sdidWHe fputhe second
chanber 38 to flow out throu?h 22 opem ng 74 so that the

(t:)orrpensat |qiigfr@i§ﬂl PpRIEng 76 ean W@Mﬂowﬂé‘m@gth@ ﬁbﬁ?CN M@r@;ﬂaﬁjeTiH%senbl y 13 (t:)an
"hput o | Agtel oy e BB PE oPREEF R g’ “Thpat -

openi ng 7@tovtherirst chainb&qs? teduyp dpehily 8L Thd eaiveasif eotlbsgds 16 at the
end of a firing session. The input oil from openi n% 76 can freely flow
through t R¥ f@ﬁe@l@%ﬁﬁ/@o%thﬁﬁﬂ@ lingclinksd tram B@e'ﬂj% G & peaveatt the

cylindgr, ph¥add bPMNApAE dit ffoldiPHiPat&way throttle valve 42,

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



into the first chanber 32 through opening 78. The valve will be closed by
the pressure fromthe pilot line linked fromopening 76 to [ﬁévﬁ v 200
bypass of the input oil through the one-way throttle valve 42. The opening

76 in the val ve nechani sm 40 can be used to input oil externally to the
first chanber 32 to retract the tubllar piston 50. The pressure reli ef
val ve 44 di scharges oil fromthe chanbers when the oil in the first and

second chanbers 32 and 38 becones overly 15 pressurised due to thernal
expansion of the oil, As the oil cools, replacenent oil can be provided

t hrough ofelsitedhe entionspidhe yehipie 109 reletiyestaie greHedval ve nmechani sm 40
allows relative displacenent of the outer housing 24 and inner sleeve 22
so that the distance between the ground contacting portion 15 of the spade
assenbl y V¥hemdhe wegmryisofiigd, tF@thgftHdP&:aCédOamSért i véhigle T0@ conpensat i ng

tion prQvi b n ina.cylinder ,26 allo the float 18 to be
Sgnler al Fyg\élﬁgﬁgﬁdﬁ %E%Qi?wﬁ@g&% i@’ﬁﬁ%”%{ ' T\)/Rdetfﬁaf%égggﬁtsr?a\és&%qrﬁ%@ ecurring
firing of 16het agamieothe ¥hem td ProveRaBABsthAtidlMBRHERLT thB&eWrfld cl e 100 is
driven_into position, 25 and the spade assenblies 10 pivotally located in

t hei r 8ped8Pi ged e ppadm portipasykhpravent ie spadecgesarabfies t0nfiom did st ance rs]o
h h ' i-nstk., : into t
carth 2 2 R Th B SAufiT TEOUBT R Gptef No Bl APCReBTRRE ot i ve Lo the

ground. \Meeve22 swapenelativélyratusteecoiel vdivs arghanisn a0mmfurddre vehicle 100
backwar ds _and downwards. However, the floats 18 and spade portions
that the spade assembly 10 is essentially rigid during firing. Of course,
a small proportion of the recoil forces will be absorbed by the spade
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.



16 act against the earth to prevent substantial novenment of the vehicle 5
100, and the spade portions 16 prevent the spade assenblies 10 from

di sl odging fromthe earth. Though the outer housing 24 andzi n % eve 22
can be relatively adjusted, the val ve nechani sm 40 ensures Ztﬁ@{\l Qﬁ spade
assenbly 10 is essentially rigid during firing. O course, a small

proportion of the recoil forces will be absorbed by the spade 10 assenbly
10, acconpanied by a mniml shortening in the length of the spade
assenbly 10. As sone conpaction of tA& soil will inevitably occur after

firing, aCbAMSpetween the float 18 and the earth is typically forned. As
this occurs, or very shortly after it occurs, the length of the spade
assenbly 10 is 15 increased by the conpensating action of the outer housing
24 and i hnéyselffeampensatingspaa@assarebly fasase P8 4 selfpropglied vieniclechavind i nes

firmy engaggagd.med We%eﬁncg)ﬁggﬁeraw a 98 il PG RFEYRRD spde Sdseaibiyl8 and the

earth i s advant ageous ensated so that the weapon 1s adequately
braced bef ofmeludi@: next firing. 20 This action allows the vehicle to be

mai ntai ned in (Ia? ’éFFe?dﬁQEt% 2 Lh,the soil to allow for nore accurate
firing, less stfess on the spade assenblies 10 and vehicle chassis. Al so,
t he vehicl e 100) aspade maubjird at onepend of tbatspade gen forrmenninedit SRASE to t he
recoil forces ”DKJ{HE\/EH ol ose gaps formed between the float 18 and the
soil. 2 2 NOV 29h CLAI I\/g 11 1. A sel f-conpensating spade assenbly for use
on a sel f - pr op€} regroyrshicentactingy pergjon 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.



a nounted weapon for generating a recurring recoil force, the spade
assenbly 5 including: (a) an elongate spade arm (b) a spade_ nounting at
one end of the spade armfor mounting the spade to the vehi&leNQyc2OH
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
mutual |y positioned so that when the spade assenbly is in use the support
plate rests against the earth to at |east partly transfer recoil forces
fromthe weapon to the earth; (d) thE spade arm having a conpensating nmeans
abl e to dut®nat iscHicompensaing1s tspads pAgecrakly e s wlalwean iy CEBed posi ti on
to regulat enbiifink A% forhiid 1B ing{jﬂé\%‘e R Ruidfh iHeUssIewpeRsdtihgtspaie gr ound
contacting portion is eneral I'y maintained in firmand constant contact
with the easssembly amiarally ididinceRirtessiangusing fithaef the wpapee conpensati ng
means including a tel escopi c engagenent of two 20 relatively slidable
menbers; and (f) a valve for regulating fluid comunication between two

di sti Act 5. chapbde ssrmblngsudaime in Haiel f wieraidewhen PRFOERIaUNGSBenbly to

adj ust the i Ll § ! i IRhab ers. 25 2.
A sel f- corrpséj;‘\?lglgt%ito hg’ﬂs%ggferétgg?]eeo ?@H@s@v@?giﬁrﬁegw%%ﬁﬁgé rﬁdﬁ%’ \%\ﬁ\%g@?ﬁ the two
rel ativel y @i hatdlsreundethissipsdel pertipr presseslichdly apaingldhe 8Wfcsi ni ng a source of
pressure, the source of pressure being selected fromthe group consisting
of: hydraulic and pneurmatic. A 3. A self-conpensating spade assenbly as

cl ai med ®n msgif-gpmpemmng,@pa@ aggembly as claimed in claim 3, wherein the valve

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.




automatic |ocking device to maintain the self-conpensating spade assenbly
generally rigid in conpression during firing of the weapon. 2 2 N OV 200'4

12 4. A self-conpensating spade assenbly as clainmed in claim i {,ng
an automatic | ocking device to maintain the self-conpensating léga@@%d %@M

assenbly generally rigid in conpression during firing of the weapon. 5 5. A
spade assenbly as clained in claim1l, wherein when on soft ground, the
spade portion penetrates the earth on which the weapon is standing; and
when on hard ground, the spade port1®n presses tightly aq_ai nst the
surface. 18. AAvehitle -asorpfimedtinngaishatie vheseiibivp sRade apfAEPlieR 83tahm 3,

wher ei n thec&fﬁt&iﬁ%onl{% m%niﬁﬁgﬁ%ﬂﬁzt% 08KcseNurivg! resurddl fingheiclheval ve, the

one-way valve acting to provi generally rigid conpression. 7. A

vehi cl e havwegpanaiangdesiresiegning plural ity of sel f-conpensating spade
assenblies according to claim1. 15 8. A vehicle having nounted thereon a
plurality of self-conpensating spade assenblies according to claim2. 9. A
vehi clse HavAneehialemsedlaimed donclainpl Ur whereip dwo seadec 8% i3y Wpade 20

assenbl i es g&ﬁ@ﬁ%{&%&&ﬁéﬁhr@t&bui eV GhiOk SyiRY ! RBuFEN YR dheeon a

plurality o conpensating spade assenblies according to claim5. 25
11. A vehi cweapranat agy desiveddiearingr eon a plurality of sel f-conpensating spade
assenblies according to claim6. 12. A vehicle as clained in claim7,

wherein two spade assenblies act in
15. A vehicle as claimed in claim 10, wherein two spade assemblies act in

10 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.



conmbination to assist in stabilizing the vehicle during recurrent firing of
the 30 weapon at any desired bearing. 22Nov2004 13 13. A vehicle as
clained in claim8, wherein two spade assenblies act in cdh%|NQWu@@%to
assist in stabilizing the vehicle during recurrent firing of the weapon at
any desired bearing. 5 14. A vehicle as clainmed in claim9, wherein two
spade assenblies act in conbination to assist in stabilizing the vehicle
during recurrent firing of the meapon at any desired bearing. 15. A

vehicle as clained in claim 10,  wh two S ade enbll act in
conbi nat i 9n’t ¥ehidejas claymed dbidaigi ﬁ@ t‘H'ée"G'tht fe E@ﬁ?sr ef€ fi r| ng of

the weaponaéniaiyeAgaily 8GwarRf frog.- th&@emeuthamtéHu&eaﬁee/lemcmedherntml aim 11,
wherein two spade assenblies act in conbination to assist in stabilizing
the vehi cl eWgapPehig frestatan¥ desirsdhsagn8f the 15 weapon at any desired
bearing. 17. A vehicle as clained in claim12, wherein the spade assenblies
are oriented generally outwardly fromthe vehicle to stabilize the vehicle
when the weapon is fired at any desired bearing. 20 18. A vehicle as
claimed in claim13, wherein the spade assenblies are oriented generally
outwardly fromthe vehicle to stabilize the vehicle when the weapon is
fired at any desired bearing. 25 19. A vehicle as clainmed in claim 14,
wherein the spade assenblies are oriented generally outwardly fromthe
vehicle to stabilize the vehicle when the weapon is



fired at any desired bearing. 20. A vehicle as clainmed in claim15, wherein
the spade assenblies are oriented 30 generally outwardly fromthe vehicle
to stabilize the vehicle when the weapon is fired at any dezbz{m\}) mng.
22 NoV 2004 14 21. A vehicle as clained in claim16, wherei# s?
assenblies are oriented generally outwardly fromthe vehicle to stabilize
the vehicle when the weapon is fired at any desired bearing. ABSTRACT
SELF- COVPENSATI NG SPADE ASSEMBLY A spade assenbly for use on an
artillery vehicle conpensates any gaps which woul d otherw se be formed

bet ween ABPBRABTsupporting portion of the spade assenbly and the soil.

The length of the spade assenbly is advantageously conpensated to nmaintain
t he spade assenbly in firmcontact with the soil. This can increase the
accur acy LRGP TING $SPADEASSEMBLY 0i d vi ol ent di spl acenent of the

gun which can be caused when the spade assenbly is not maintained firmy

engaged with the earth. Fig. 3
A spade assembly for use on an artillery vehicle compensates any gaps which

would otherwise be formed between a ground supporting portion of the spade
assembly and the soil. The length of the spade assembly is advantageously
compensated to maintain the spade assembly in firm contact with the soil. This can
increase the accuracy of the weapon in firing, and avoid violent displacement of the
10  gun which can be caused when the spade assembly is not maintained firmly

engaged with the earth.

Fig. 3



