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artillery guns. The |nvent|@n provi des a means for*increaging FEE‘P ﬁﬁ /
of towed howi t zers and reducing the extent of rearwar

howi t zers und®OPHMI®  recoi| forces when the howitzer is fFEEEBIYY
general ly have a recoiling ordnance (barrel and breech mechani sm
nounted on a trail assenbly and having a firing platform and/or one or
nore rearwardly extending trail legs, and it is known to fit anchor spades
to the readdYITZERANCHORSPAPEI | | egs which engage or dig into the
ground under the recoil forces when the gun is fired. Such anchor spades
may.al so be fitted to firing platforns. The present invention is intended

to provide aﬁ'o \&i‘%&"eﬂl"xﬁgﬂﬁgﬁ 'rﬂﬁh-,@{o t@\ﬂwﬁﬁm&gﬁd@hlchﬂﬁf&hﬁﬁhﬁ§ beYerkedo as field

| i ght wei ght zers t ave recol | management system
- or artillery guns. The invention provides a means for increasing the stability of towed

tzers

howitzers and reducing the extent of rearward movement of such howitzers under the
recoil forces when the howitzer is fired. Howitzers generally have a recoiling ordnance
(barrel and breech mechanism) mounted on a trail assembly and having a firing platform
and/or one or more rearwardly extending trail legs, and it is known to fit anchor spades to
the rearward cnds of such trail legs which engage or dig into the ground under the recoil
forces when the gun is fired. Such anchor spades may also be fitted to firing platforms.
The present invention is intended to provide an improved design of anchor spade

particularly for lightweight howitzers that have a recoil management system.

Many modern conventional towed howitzers generally have an ordnance with a barrel of
105mm or 155mm internal diameter, and the substantial weight of the trail assemblies in
these howitzers helps stability. For example the typical weight of a conventional 155mm
howitzer might be 18,000 pounds with a recoiling mass of 7,000 pounds, and excessive
movement of the trail assembly is usually avoided because of the significant energy |
required to overcome the incrtia of the mass of the howitzer which is high in relation to the
firing impulse. Also the suitable design and management of the recoil braking system will

aid stability.
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significantly lighter than

deployed more rapidly, towed by lighter motorised vehicles and can be more readily

transported by military aircraft or slung under military helicopters. These are all important
benefits for rapid deployment forces, which play an increasingly important role in modern

armed conflicts.

The requirement for lightweight howitzers, for example for 155mm howitzers weighing
less than 9000 Ibs but with the same ordnance and firepower performance, creates
considerable design challenges to maintain stability of the howitzer in recoil. Much of the
weight saving is to be made in the trail assembly and with a trail assembly weighing only
4,900 Ibs and a recoil mass of 4,100 Ibs, much less encrgy is required to overcome the
inertia of the lightwc_ight howitzer. Such a lightweight howitzer, if of conventional design
- would not be sufficiently stable during firing and there would be a much greater tendency
for the howitzer 1o move recarwardly. Also thc movement of the recoil forces pivoting
about the point where the spade engages the ground is not, in the casc of lightweight
howitzers, balanced by the counter—balancing moment of the weight of the howitzer acting
through the centre of gravity of the howitzer. Accordingly the howitzer will tend to jump
or bounce. An improved anchdr spade design that will readily dig in, stay dug in, and
which does not cause excessive rearward movement, will help n_i reduce this jumping and

bouncing.
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consi der abl e n.chal | enges ntain_stabiljt L L ze
recoil. Mich ‘st“%éab"“" @8&”?&@ g%‘ce?"te Ford exﬁ’gﬁiec chg SH;J}? amﬂ %’é‘éer%ﬁ?
and with a trail a.s.senblfy 'Fﬁ(z@ g only .4.900 I|bs (2227 55(95')6&‘5 %re 0|I
mass of 4. 1000°f the firing pletfRay and/erihe E@Sa%ﬁrebwn%mm?&%&" BER/8F SHAY
inertia of the Iightweight how tzer. Such a |ightweight hovmtzer | f of
convent i onal un@xgnrwmmmdomhoméuwﬁmmsemdny%mram the howiiges tmgn hed
t here would be a nuch greater tendency for the howitzer to nove
rcarwardly. Afrsibleghif presemnalst endestivemoeontiit, fadicubslyf tho howitzer iblited at fbigh
poi nt- where the spade engages the ground is not, in the case of |ightweight
traverse angle and low elevation angle, can cause the howitzer to rotate about one or other

of the trail legs if present. This can make it difficult and time consuming to re-emplace
the howitzer for firing the next round on target. For operational reasons sustained accurate

firing is essential.

PCT application WO89/06778 describes a2 means of managing the recoil of a lightweight
howitzer by mounting the recoiling mass, which includes the ordnance, on a curvilinear

recoil track to produce an increased stabilising moment.

The present invention has as its object the provision of a lightweight anchor spade fitted to
the rear end of cach of the trail legs or to the firing platform, which for most soil types
will, under the force of recoil, rcadily dig into the ground and not dig itseif out under
further recoil force. It is also an object of the present invention to reduce rearward
movement of the howitzer during recoil, and to provide a howitzer that can be readily

pulled out of the ground by the gun crew after firing.

According to the present invention there is provided an anchor spade for fitting to the rear
end of a trail leg of a howitzer or to the firing platform for engaging and digging into the

ground under the rearward recoil forces of firing, which anchor spade comprises a



how t zers, bal anced by the counter-bal anci ng nonent of the weight of the

how t zer acting through the centre of gravity of the how tzer. Accordingly
the howitzer will tend to junp or bounce. An inproved anchor spade design
that will readily dig in, stay dug in, and which does not cause excessive

rearward novement, will - hel p to reduce this junping and bounci ng.
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instability is unacceptable if excessive. For exanple, excessive rearward

novenent of the, fi rlnq&)‘l form and/or_the trail assenbly and how tzer
may endanger™ ¥R Uy fast e plate, Baving2 tp digeing dnig ‘Qﬁ%dﬂ“ﬂﬂr‘hﬁ&”ﬁsﬁ ng stand
to the rear of _the hovvltzer bet ween t he trail legs if present. Also
excessive ndmwarmr%fa&myon Plateteountsgliabeen the blade plet satas 20 be gh

generally paralicl with the level of the ground when the anchor spade is embedded in the
ground, wherein the spade blade angle (as defined below) lies in the range 35° to 55° and
the spade forward angle (as defined below) lies in the range of 80° to 100°.

The blade plate is preferably planar.

For the purposes of this patent application the "spade bladc angle” means the acute angle
of the blade plate (or of that part of the blade plate adjacent the tip) to the general level of
the ground, and the “spade forward angle” means the angle between the rearward direction
of the general level of the ground and the line between the tip of the blade plate and the

rearward extremity of the top plate.

- It has been shown that the anchoring cffect of the anchor spade is a function of the vertical
penetration of the tip of the blade plate below the ground surface (referred to herein as
“the cffective depth”). Until the anchor fails, for example by digging itself out under
further recoil forces, the greater the effective depth the greater will be the anchoring
effect, and in general, further rcarwaré movement of the anchor will be reduced for greater
cffective depths. Experiments with s.somc anchors (particularly those in use with
lightweight towed howitzers having a pair of trail legs) have shown that for a given area of
spade blade, the effective depth has a greater anchoring effect than the width of the Spade

blade.



traverse angle and | ow el evati on angle, can cause the howitzer to rotate
about one or ot her of the trail legs if present. This can nmake it
difficult and time consum ng to re-enpl ace the howitzer for firing the
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i ncreased stabilising nonent. The present invention has as its object
the provision of a lightweight anchor spade fitted to, the rear end of
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wil'l, under the force of recoil, readily dig into t he ground and not dig
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present invention to reduce rearward moverment of the how tzer during
recoi |, and tegflestivddepthlivincteassd butthercdam teloéencezadhiaythc apahot spadoistfirstfput he

ground by the gun crew after firing.
in place and the howitzer fired, for the tip of the blade plate either to scrape along the top
of the ground or to plough up the top soil in the ground and thereby produce unacceptable
rearward movement of the howitzer. If the anchor spade is already fully embedded there is
a possibility that the greater the spade blade angle the g}:atejj:r the possibility of the anchor
digging itsclf out of the ground. Also at higher spade blade _ﬁngles there is a tendency for

the anchor plate to rotate about the tip of the blade instead of digging into the ground. This

can put excessive loads on the blade plate and cause failure.

With spade blade angles of less than 45° the effective depth is reduced which means that a .
longer and hence heavier spade plate is required for the same anchoring effect. Also, when
the anchor is first put in place and fired, a lower spade blade angle is likely to cause

greater rearward movement of the howitzer to achieve the same cffective depth and

anchoring effect.

The top plate acts to limit the extent to which the anchor spade will dig into the soil during
Tecoil so that the anchor spade can be readily removed by thc__: :gun crew during
displacement of the howitzer. Some cxisting anchor spades fof- 155mm howitzers have a
long top plate to ensure rapid displacement, which produce a spade forward angle of about

135°.



According to the present invention there is provi ded an anchor spade for

fitting to the rear end of a trail leg of a howitzer or to the firing

pl atform for engagi ng and digging into the ground under the rearward
recoil forces of firing, which anchor spade conprises a WO
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rearwardly facing blade plate having a -ti‘? digging into the ground under
the forces of recoil and a rearwardly tacing top plate nounted above the

bl-ade plate so as to be enerally parallel with the |evel of the ground
when the ancﬁW"gﬁéﬁ'éasiSQO‘ﬁ?rﬂEHﬁ’éHO’Fﬁh?W“S the; magmitude pf the spadetfpevasg angile bl ade

angle (as defined below) lies in the range 35 err] to 55 and t he spade
f orward angl 18 mose sigaificans do the mndy of Failurd of thasoilthanyie thefspad biade| angle. TRher 1] .
The bl ade plate is preferably planar.

soil conditions with a spade forward angle significantly above 90°, the anchor spade will

readily dig into the ground during recoil but when the top plate rests on the ground surface

further recoil forces (fof example resulting from subsequent firings) can result in the

anchor spade digging itself out of the ground. Not only will this produce unacceptable

additional rearward movement but will also decrease the effective depth and hence

acccntuate the failure which can become catastrophic. Analysis of the means of failure in

this case (i.e. when the anchor spade digs itself out of the grouhd) shows that a shear

failure plane is sct up between the compacted soil in the anchor plate (i.e. between the top

plate and blade plate) and the looscr soil to the rear. This shear failure planc is

approximately along the linc between the rearward end of the top plate and the tip of the

blade plate, hence the importance and significance of the spade forward angle. For some

soil characteristics the spade forward angle may be critical. Idcally it should be the

maximum possible to cnsure ready removal of the anchor spade but less than the critical

value producing shear failure.

Experiment has demonstrated that for typical soil condition the optimum spade forward
angle is about 90°. For lightweight towed howitzers a spade forward angle in the range
90°-110°, or preferably 90°-100°, will operate satisfactorily if the soil is the character of

clay and digging-out of the howitzer may be difficult.



For the purposes of this patent application the "spade bl ade angl e" neans
the acute angl e of the blade plate (or of that part of the blade plate
adj acent the tip) to the general |evel of t he ground, and the "spade
forward angle" neans the angle between the rearward direction of the
general |evel of the ground and the |line between the tip of the blade plate
and the redM&ﬂWF%gtrenity of the top plate. It has be@ﬁﬂﬁﬁﬁ@ﬂ?ﬁat

t he anchoring effect of the anchor spade i a function of the vertical
penetration of the tip of the blade -plate bel ow the ground surface

referred to herein a "the effectiyve depth"). Until the anchor fails, for
<(axarrpl e by di BQF}P?Q’W‘F;@W ’“gﬂ?selﬁﬁ‘gé‘?“d"f%ﬁ here b’ééﬂ‘fﬂ\q’ f%flﬁgin?bet'ﬂgregqaﬁ'ki er the
effective depth the greater will be the anchoring effgc§ ., and in _general,
further rear wEmOVehYEthe BEn 61w A apadh dertardangle Bahe rapgs -9 orgrretrably
effective depths. Experinents with sone anchors (particularly those in use
with | i ght we8Q§h90% wilkopersesatistactorittn Withya spada forward anglgiof 19s& ghap SA%the sheaswn
that- for a given area of spade blade, the effective depth has a greater
anchori ng ef fglae dchsao iidnease\petictratidn dfitke slpduiglatebl ade.

Initial spade dig—in is improved by increasing the pressure between the tip of the spade
blade and the ground. This can be achieved by sharpening the blade tip and/or by reducing
the width or linc of action of the edge of the blade plate that engages the ground. The
width or line of action of the blade plate can be reduced by. rémoving an area of the tip of
the blade plate, either centrally along the tip edge or symmetrically either side at the tip of

the spade blade angle, or by otherwise shaping the tip of the blade plate.

Many modern towed howitzers have at least two rearwardly extending trail legs and an

- anchor spade according to the present invention may be fixed to the rear end of such trail
legs by any convenicnt means. A single anchor spade according to the present invention
may be fitted to howitzers that have a single trail leg assembly, for example having a pair
of bowed trail legs joincd at the rear. Some howitzers dispen‘__sé.with trail leg assemblies
and may instead rely on the firing platform which cngages tHe’__ ground during firing to
transmit recoil forces to the ground. Onc or more anchor 'spadcs according to the present

invention may be fitted to the firing platform.

The blade plate preferably extends at the blade plate angle to:a height close to the plane of

the top plate, so as to provide a maximum length of blade platé at the design spade blade
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been found by theoretical analysis and confirnmed enpiricdl T t-he

opti mum spade bl ade angle for a range of soil types i mwﬁ‘ﬁE.HAGtBEEN
angl es significantly above 45[err] the effective deptf_is iMRRLAGERd but
there is a t &Y} 9 when the anchor spade is first put e

howi tzer fired, for the tip of the bladg plate either to scrape along the
top of the ground or to plough up the top soil in the ground and thereby

produce unacc abl e rearward povenent of the how tze | f the anchor
spade is al ?ft&i‘g%?heﬁwné%%&t@dﬂﬂw\{aéc F'%’c“d% a&'“ﬁ(ﬁ‘ﬁ%’ﬁ’b?ﬁ"éf 5“’5‘?}3%1%% great er
t he spade bl ade angle the greater the possibility of the anchor di ggi ng
itsel f out wftualhteal&heeﬁeﬁmwgmh-at hi gher spade bl ade angles there is a
tendency for the anchor plate to rotate about the tip of the bl ade
I nstead of digging into the ground. This

However in another arrangement, the blade plate extends at the design spade angle for

between one half and the whole of the effective depth, in whicp case the blade plate may

be fixed to or positioned in close proximity to the top plate by means of an approximately

vertical plate, which may comprisc an integral part of the blade plate or top plate.

An arcuaie plate may be substituted for the vertical plate, having a radius varying from as

much as a half to a third of the blade platc length to a small fraction thereof.

It has been found that for a lightweight howitzer having a pair of trail legs and a recoil
management system of the kind described in PCT Application No W089/06778, and

- which weighs approximately 9000 Ibs with a recoiling mass of 4,100 lbs, satisfactory
anchor spade performance can be achieved for all magnitudes of charge and most soil
conditions with a spade width of approximately 28 inches, and a maximum effective
depth of 25 inches, and with a spade blade angle of approximatclj' 45° extending for most

of the effective depth. Optimum spade forward angle is 90°.

Normally a howitzer will be more stable when fired directly ahead (i.e zero traverse) and
if the trail legs are provided, these are often splayed out symmetrically to the rear of the
howitzer. The recoil forces in each trail leg would in this case be-approximately equal.

However when fired in maximum traverse. uncqual rccoil forces are transmitted through
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can put excessive | oads on the bl ade plate and cause failure. Wth
spade bl ade angles of less than 45/ err] the effective depth is reduced

whi ch neans that a | onger and hence heavi er spade plate is required for
t he sanme anchoring effect. Al so, when the anchor is first put in place and
fired. a |lower spade blade angle is likely to cause greater rearward
novenent of t h&¥HMYMer to achi eve the sanme effective depthgﬁﬂpm%ﬂgﬁ%ring
ef fect: The top plate acts to limt the extent to which the anchor spade
will diginto the soil during recoil so that the anchor spade can be

i sti g ancrdf Teblegee fe Erid Ao prye faT Feb SALBE jusier b fBeatfitbddifiroes 0 TR
rapi d di spl acenment,, whic¢ch produce a Sé)q%e forward angl e of abowl 135‘£verr].
than for similar firings at zero traverse. There is therefore a tendéncy for each leg 10 move

backwards to a different extent, and for the howitzer to tend to rotate about one of the trail
legs. It has been found that fitting one or more ribs, known'a grousers, on the rearward
facing surface of the blade plate extending into the volume between the top plate and blade
plate will reduce sideways movement of soil across the blade plate. The grousers are
preferably vertical, and act in a similar manner to groynes on beaches to help prevent
lateral movement of sand across a beach. Also the fitting of stiffeners on the forward or
outside face of the anchor spade helps reduce sideways movement of soil across the blade
plate as well as strengthening the anchor spade. The use of grousers has been shown to
reduce the rearward movement of the anchor spade and trail legs at most traverse angles
including zero traverse. At maximum traverse the grousers also reduce the tendency of the

howitzer to rotate about one of the trail legs.

The blade plate and top plate (and vertical platc if present) may be formed from one single
metal plate or from separate plates. A single metal plate may be bolted or welded to the
end of a trail leg or to the rcar of a firing platform. In one arrangement two anchor spades
according to the present invention are welded or bolted to the rear of a firing platform, and

are disposed symmetrically cither side of the rearward direction.

In another arrangement of the anchor plate suitable for fixing to the rear of a howitzer trail
leg, the t(;p plate and blade plate are scparatcly and indcpendently fixed to the trail leg.

The blade plate is pivotally connected about a point at or near to the forward end of the
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Experi ment has shown that for some howitzers the magnitude of the spade
forward angl e is nmore significant to the node of failure of the soil
than is the s&ade bl ade angle. In sone soil conditions with a spade
forward angl eWORMAP cant |y above 90, the anchor- spade wi || PCI/GROXOGSY di g
into-the ground during recoil but when tfi top plate rests on the ground
surface further recoil forces (for exanple resulting from subsequent

firings) can,regsult in_the anchor spade di.gging.i.tself out of the

ot oung. Not TAHHEyPIGE 409 Fhng ap R Torsie s roided for st e lgpine s Sty o
noverment but will also decrease the effective depth and hence accentuate
the fail ure Ri#iF Blatvg o hecomplateand fail degnthe topplateypad blads platscare saparately andyi | ur e

I n this case (i.e. when the anchor spade digs itself out of the ground)
shows t hat dndependently fiked tothectrail lageThiedladetplaypistpitasallyrconhestasabpuice mxints0i | i n
t he anchor plate (i.e. between the top pl ate and bl ade plate) and the
| ooser soil ofceat ethe émwardidnd of sieddadefphdté, and fixingred lecking mEraoxanewi®@ligedal ong
the line between the rearward end of the top plate and the tip of the

for fixing and locking the blade plate relative to the top plate and trail leg, cither in a lower

operational (i.e. firing) configuration or in an upper stowage configuration with the blade

plate directly under, substantially parallel to and adjacent the top plate. The fixing or

locking means may comprise a removable retention pin arranged to fit a hole in the trail

legs which can bc aligned with cither a first hole in the blade plate for opcrational (i.c.

firing) configuration or a sccond hole in the blade plate for the stowage configuration.

In this arrangement, and when displacing the anchor spade after firing, tlie retention pin
may be removed from the first hole to allow the blade plate to -pivot to facilitate removal
of the blade plate from the ground. The pivot pin may also be removable so that if the

anchor blade cannot be readily removed from the ground it can. be unfixed from the trail

legs by removing the pivot pin.

A rearwardly extending towing arm, known as a lunette, may be removably fixed to the
top plate of the anchor spade. This allows the howitzer to be towcd in the rearward
direction, and when the blade plate is in its stowage configuration adequate ground

clearance is provided.



bl ade pl ate, hence the inportance and significance of the spade forward
angle. For sone soil characteristics the spade forward angle may be

critical. Ideally it should be the naximum possible to ensure ready
renoval of the anchor spade but less than the critical value producing
shear failure. Experinment has denonstrated that for typical_ soil
condition the ﬁﬁf}?spade forward angle is about 90[err]. {GBI7/00659

| i ghtwei ght towed howit zers a spade forwagd angle in the range 90-110, or
preferably 90-100, wll operate satisfactorily if the soil is the character
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easily

Figure 1 is a schematic drawing of a 155mm lightweight towed howitzer having two lincar
trail legs symmetrically positioned, in operational configuration, one cither side of the
rearward direction, and to which anchor spades according to the present invention may be

fitted.

Figure 2 is a simplified #chcmatic cross-section drawings of an anchor spade in its
operational configuration for fitting to the rcar of a pair of trail legs of a lightweight towed
howitzer. Figure 2 illust;'ates the geometrical characteristics of an anchor spade according
to the present invention-but excludes much of the detail such as the means for stowing the

anchor spade and the stiffeners and grousers.

Figure 3 is an isometric projection of one cmbodiment of an anchor spade according to the
present invention suitable for fixing one each to the rear of the trail legs of a 155mm
lightweight howitzer having two trail legs, and which shows the rearward face of the

anchor spade.

Figure 4 is another isometric projection of the embodiment of Figure 3 showing the

forward face of the anchor spade.



renoved by the gun crew, a spade forward angle in the range
70[err]-90[err], or preferably 80-90, will operate satisfactorily. Wth a
spade forward angle of |ess than 90 the shear pl ane acts to increase
penetration of the blade plate. Initial spade dig-in is inproved by

i ncreasing the pressure between the tip of the spade bl ade and the
ground. Thi s WAR73419chi eved by sharpening the bl ade tip anB¢cpcBiweosssduci ng
the width or line of action of the edge.gf the blade.plate that engages the
ground. The width or line of action of the blade plate can be reduced by
renovi ng an_area_ of the tip of the blade plate, either centrally al ong
the tip edgBigyre Sipamdsamerig vigw of amancher spadesimilaetotthgerarodiment of Ejgures 3ok ade
angl e, or by otherw se shaping the tip of the bl ade plate. Many nodern
t owed howi t 4 &ardixiing/e the rehecfbe vaiblegeof avtiSdiny liphtveiptii toged hawitzedrdms and an
anchor spade according to the present invention may be fixed to the rear

end of suchshowdg detail efghe fiying of/the anshon sade andliee 18 agiailgeg anchor spade
according to the present invention may be fitted to howmtzers that have a

single trail |leg assenbly, for exanple having a pair of bowed trail |egs
joined at the rear. Sone howi tzers dispense with trail |eg assenblies
Figure 6 is an isometric projection of a different embodiment of anchor spade according to
the present invention for fixing one each to the rear of the trail legs of a 155mm

lightweight towed howitzer, showing the recar face of the anchor spade.

Figure 7 is another isometric projection of the anchor spade shown in Figurc 6.

Figure 8 is a side elcvation of the anchor plate shown in Figures 6 & 7.

Figure 9 is a drawing of 105mm light howitzer having a pair t-)'.'f{-bowcd trail lcgs that are
joined together at the rcar of the trail legs, and 10 which a single anchor spade according to

the present invention may be fixed.

Figure 10 is an isometric projection of an anchor spade -accordif’gg to the present invention

which is suitable for fixing to the joined trail legs of the light Hé.\vitzcr shown in Figure 9.
Figure 11 is a top view of the anchor spade shown in Figure 10.

Figure 12 is a side view of the anchor spade shown in Figure 10



.and may instead rely on the firing platformwhich engages the ground during
firing to transmt recoil forces to the ground. One or nore anchor spades
according to the present i nvention may be fitted to the firing platform
The bl ade plate preferably extends at the blade plate angle to a height

close to the plane of the top plate, so as to provide a rraxw&ﬁmbh of

bl ade pl ate atWPAE®AYsi gn spade bl ade WO 97/ 3411
PCT/ GB97/ 00659 angle. In this arrangsment the blade plate extends at
t he desi gn spade bl ade angle for virtually all the effective depth.

Fovever T anaphets ' SO of bSald5eRLRhG BEgERI0AT (he design spade
Figure 14 is a schematic isometric projection of the firing platform of a lightweight
howitzer, which may not have trail legs, showing a pair of anchor spades according to the

present invention.

Figure 15 is a side view of the firing platform and anchor spades shown in Figure 14.

Figures 16, 17 and 18 show three differcnt isometric projections of an anchor spade

according to the present invention fixed to the trail leg of a differcnt 155mm lightweight

towed howitzer.

For the purposes of the description of the embodiments of the invention, the direction in

- which a howitzer is fired when at zcro traverse is referred to as the 'forward ' direction.
Recoil is therefore in the "backward' or rearward' direction and the blade plate and top
plate face rearwardly. In practice, with a howitzer having a pair of trail legs, the legs are
positioned rearwardly symmetrically and either side of the linc of recoil at zero traverse
(i.c. rearward direction). The angle of offset from line of recoil can vary from 20° to 35°,
and is always less than the angle of traverse. For the purposes of this description the
direction of the forces transmitted along the trail lcgs and the dircction of movement of the

trail legs under the recoil forces is also refesred to as "rearward" or "backward".



between one hal f and the whol e of the ef fective depth, in which case the

bl ade pl ate may be fixed to or positioned in close proximty to the top
pl ate by neans of an approximtely vertical plate, whi Ry—cerpLlse. gn
integral part of the blade plate or top plate. An é‘rTBl%SéEﬂ HAS BREN
be substituted for the vertical plate, having a radius vhryi ndiBPLABERS

much as a hal WO%R#1?hird of the blade plate length to am—
t her eof . It has been found that fopya |ightweight how tzer having a
pair of trail legs and a recoil managenent system of the kind described

in PCT Application No WO89/ 06778, and whi ch wei 828 approxi mat el y 9000
| bs (4091 k@3 ilstraedinFigur Rithpanchersspade Ucommyisrss bladwplate ) cogagcteskviaa or v
anchor spade perfornmance can be achieved for all magnitudes of charge and
nmost soil Yesiical plateror puftion 70 9 tepiplatei St bhedbrwand eudofithe achoPadntiBe( 71 cn),
and a maxi num effective depth of 25 inches (63.5 cn), and wth a spade
bl ade angl eanchorapadedx fined ®lthe #5{ axdrdf aaraildegi{nogstoon imBigure 2)fof thechosfizect i ve
depth. Optimum spade forward angle is 90[err].

The spade blade angle is shown as angle u in Figure 1 and is approximately 45°. The

blade plate 2 has a sharpened blade plate tip 3 for easier digging—in into the ground under

recoil forces. In Figure 2 the anchor spade 1 is shown resting with its sharpened spade

blade tip touching the ground 4. This is typical of the position of emplacement of the

anchor prior to initial firing or manual dig-in. To improve initial and subsequent

penctration of the blade plate 2 into the ground, the width or length of line of action of the

tip 3 in the transverse dircction in contact with the ground 4 is reduced. This has the effect

of increasing the pressure between the blade plate tip 3 and the ground 4.

The top plate 5 is approximately horizontal to the ground when the spade anchor in the
- emplacement position prior to initial firing. The rearward extremity 6 of the top plate S is

located directly above the spade blade tip 3, so that the spade forward angle 8 is 90°.

In operation, and prior to the first firing from a given howitzer emplacement, the spade
anchor fixed at the rearward .cxtrcmity of the respective trail leg is positioned generally as
shown in Figurc 2 with the top plate horizontal, the spade blade ahglc M at 45°, and the
spade forward angle 8 at 90°. It is usual in practicc for thc spade anchor to be dug in to the
ground to a limited extent prior to initial firing. Generally a hole is dug (not shown)

perhaps toa depth of about 6 inches into which the sharpened spa_é}lc blade tip 3 is

This Sheet Has Been Replaced




Normally a howitzer will be nore stabl e when fired directly ahead (i.e zero

traverse) and if the trail |egs are provided, these are often splayed out
symmetrically to the rear of the howtzer. The recoil forces in each trail
|l eg would in this case be approxi mately equal. However when fired in

maxi mum traverse, unequal recoil forces are transmtted throu&br

VO 97/ 34119  WO9734119 1GB97/00659
PCT/ GB97/ 00659 15 : 9 the trail
|l egs to the ground, and one of the trail legs will be subject to greater
recoil forces _..th OF St LAk of I &L NOS - At 1i 7S FrQhis hAN oS Enot ESfeahiy
therefore a tpgﬁlgé%c@ﬁ% °S§5’8ng°£éﬂ°t%5mv%& n‘ﬁ%@k\]}\%r S to“z'i di feraen't

extent, and f the howitzer .to tend to rotat bout .one of the trail

legs. It has "‘g’r@@rfp?Bﬂﬂ’(ﬂa"toﬂz?EthFisP?‘ﬁr‘?d‘c’b%édS‘?veérl%5’&3‘3",’ known a grousers, on
the rearward facing surface of the blade plate .extending into the vol une
between the top plate and bl ade plate will reduce sideways novenent of

soi|l" across the bl ade plate. The grousers are .
Upon firing of the howitzer, recoil forces are transmitted through the trail legs to the

anchor spade 1. The magnitude of the recoil force transmitted lthrough the trail legs will
depend on many factors, such as the elevation and traverse of the howitzer, the extent of
the firing charge, the mass of the recoiling parts and trail assembly, the recoil management
system, stiffness of the trail legs and the extent to which recoil energy is transmitted
through a base plate (not shown) upon which the howitzer is mounted when in its firing
configuration. In general maximum rccoil energy is transmitted through one of the trail

legs when the howitzer is fired at minimum clevation, maximum traverse and maximum

charge.

T The recoil forces act to drive the spade blade tip 3 into the ground. The effective depth of
the anchor is the vertical distance of the spadc blade tip 3 under the ground surface, and
this effective depth increases as the anchor spade is driven into the ground under the
action of recoil forces. The extent to which the cffective depth is increased during any one
or a number of firings will also depend on the soil conditions. Digging—-in may continue
until the top plate 5 comes into contact with ground surface 4. The reaction of the
horizontal top plate 5 engaging the ground 4 will resist further digging-in of the anchor
spade 1. In this way the top plate S only comes into full effect when the effective depth

approaches its maximum.



preferably vertical, and act in a simlar manner to groynes on beaches to
hel p prevent | at eral novenent of sand across a beach. Also the fitting of
stiffeners on the forward or outside face of the anchor spade hel ps
reduce sideways novenent of soil across the bl ade plate as well as
strengt heni ng t he anchor spade. The use of grousers has been shown to
reduce the redYQ8 MM ¥pvenent of the anchor spade and trail |®BgEGR7/00EESt
traverse angl es including zero traversg, At maximumtraverse the grousers
al so reduce the tendency of the how t zer to rotate about one of the trail
| egs. The bl ade plate and top plate (and vertical plate if present) may
be formed frUMNSHEF sPrdbaving aspadg fosward angle frof appreximatcay 20°pyilliaiaimise wiengl e
metal plate may be bolted or welded to the end of a trail leg or to the
rear of a firskefjthsispadectigging itsclfrout unden fugtheeon additional medoiirforcps dessisteramdr di ng
to the present invention are welded or bolted to the rear of a firing
pl at f orm ambkingzheanthepspadeireagitymetmoiatit frgmahé pundbylte @lin ther. BeangwRidh
di rection. I n anot her arrangenment of the anchor plate suitable for
fixing to tiphte £anay dicilitale@asiérz@motdl dF the anchor spade from the ground, but a spade

forward angle B of greater than 90° and for certain soil conditions a shear failure planc

will be set up along the line from the spade blade tip 3 and the rearward end 6 of the top

plate 5. Failure along this shear plane causes the anchor spade to dig itself out of the

ground, which will reduce the effective depth and accelerate the failure.

The embodiment illustrated in Figures 3 and 4 is a spc.cit'ic howitzer anchor spade
designed and manufactured for a 155mm lightweight towed howitzer having a pair of trail
legs. In this cmbodiment the bladc platc 2 has a generally vertical plate 7. In the
arrangement shown, the vertical plate 7 and the blade plate 2 are formed from an integral
sheet of metal. The top plate 5 is rigidly fixed to rear extremity of the trail legs (not
shown). The spadc blade angle is 45° and cxtends at this angle for about two thirds of the
perpendicular distance between the spade blade tip 3 and the top plate 5. This embodiment
of the invention has a pair of stiffeners 8 fixed to the forward face of the blade plate 2 and
vertical plate 7. Although in this embodiment the vertical plate 7 extends for about one
third of the maximum effective dcpt'h of the anchor spade, it may be of any convenient
size and need not be vertical. It is not cssential to the operation-of the invention and as will
be described later in relation to, for cxample, Figures 6, 7 & 8, may be dispensed with.
Also the vertical platc 7 may be replaced by an arcuate plate with any convenient radius.

The presence of the vertical plate 7 reduccs the length of the spade blade 2 and hence may



|l eg, the top plate and bl ade plate are sepa’r ately and i ndependently fixed
to the trail leg. The blade plate is pivotally connected about a point at

or near to the forward end of - the WO 97/ 34119

PCT/ GB97/ 00659 10 bl ade
plate, and fixi ng and | ocking neans are provided for fixing and | ocking the
blade plate r¥P3P4%t0 the top plate and trail leg, the toFCEIGRIOMSS

bl ade plate are separately and i ndependgntly fixed to the trail |eg. The
bl ade plate is pivotally connected about a point at or rear to the
vi ded

For 1 xi ng. andmG PREEHE i cns T teds AP 18T O ek erbie presnge BH¥ 1o 1

| eg, either in a | ower operational (i.e. firin configuration aor in an
upper st onage " THFA PE%’ Timay medyee thersrvardpeycmep) %ft%‘ Mchersprde anddeil legs.

substantially parallel to and adjacent the top plate. The fixing or
| ocki ng means may conprise a renovable retention pin arranged to fit a hole

in the trail
Two parallel fixing plates 15, located on the forward face of the anchor spade, are fixed

one each to stiffeners 8. These plates 15 also extend vertically above the top plate 5 and
each have two holes, a firing retention hole 10 and a pivot hole 11. Also shown is a
semicircular stowage retention hole 12. The rear cxtremity of the trail leg (not shown) fits
between the pair of parallel plates 15 and a pair of pivot pins (not shown) allow the blade
plate 2 and vertical plate 7 to bc pivotally mountcd on the rear extremity of the trail leg. It
will be understood that in the embodiment shown in Figures 3 & 4 the top platc 5 and
blade plate 3 (with vertical plate 7) are scparately and independently mounted and fixed 1o

the trail legs.

B When in its operational or firing configuration as shown in Figures 3 & 4, the firing
retention holes 10 align with corresponding fixing holes (not shown) in the rcar extremity
of the trail leg. Two rciention pins (not shown), one cach in gssociation with each fixing
plate 15, fix the blade platc 2 and vertical piate 7 to the trail légs, so that there is no
relative movement between the top plate 5, blade plate 2 and trail leg when in this

operational configuration.

In order to remove the anchor plate of Figures 3 & 4, when fully embedded in the ground,
the retention pins which pass through the firing retention holes 10 of the fixing plates 15

are removed. This allows the spade blade 2 and vertical plate 7 to pivot about the pivot



| egs which can be aligned with either a first hole in the blade plate for
operational (i.e. firing) configuration or a second hole in the bl ade
plate for the stowage configuration. In this arrangenment, and when

di spl aci ng the anchor spade after firing, the retention pin may be
renoved fromthe first hole to allow the blade plate to pivot to facilitate
r enoval of WREMIe plate fromthe ground. The pivot pi nPEEAEBATeN e
removable so that if the anchor bladejgannot be readily renoved fromthe

ground it can be unfixed fromthe trail | egs by rermvi ng t he pivot pin.
A rearwardly, ten arm known tt be r vably
fixed to tké ‘gf 8“8\"“3?%“&%’&"3%?}2(8{?‘ W?g" %!PIFUV@ gﬁ?ﬁ‘ﬁ’ér to

be towed in the r.earvvard direction, and when the bl ade Iate isinits
stonage corfPitkarait lesnanddberaby 2id geronmabiof the bladeiplets 3 andvetsicpbilate 7 from the

ground. In extreme soil conditions, such as wet clay it is sometimes not possible readily to
remove the blade plate 3 and vertical plate 7 by this means. In these circumstances the
pivot pin may be removed thereby detaching the blade plate 3 and vertical plate 7 from the
trail legs and top plate 5. In this way the howitzer may be moved clear of the anchor
spade(s), which will allow room for the anchor spades to be dug out separately if

necessary.

When the anchor spades have been successfully removed from the ground, the blade plate
3 and vertical plate 7 may be placed in the upper stowage position generally parallel to and
under the top plate 5 by rotating the blade plate 2 and vertical plate 7 so that the
semicircular stowage retention holes 12 are positioned below the fixing holes in the trail

- legs. The retention pins arc then inserted in the fixing holes in the trail legs, and the
semicircular stowage retention holes 12 engage the re;cntion pins to retain the blade plate

2 and vertical plate 7 in the upper stowage position.

[n the embodiment of Figures 3 & 4 the blade plate tip 3 is both sharpencd and shaped by

cutting away a proportion in the centre of the cutting edge and chamfering the edges either

side of the blade plate tip 3.

Grousers (not shown in Figures 3 and 4) may be fitted to the anchor spade shown in

Figures 3 and 4.



WD 97/ 34119

PCT/.GB97/ 00659 11 I n order
to nmore fully understand the present i nvention the fol | ow ng enbodi nments
are descri bed by way of exanple with reference to the draw ngs in which:

Figure 1 is a schematic drawing of a 155mm | i ghtwei ght towed how tzer
having two |i n®¥@97341%9 3i | | egs symetrical |y positioned, in BpUEBI0065
configuration, one either side of the fearward direction, and to which
anchor spades according to the present invention may be fitted.

Figure 2 is a sinplified schematic cross-section draw ngs of an anchor
spade inits operational configuration for fitting to the rear of a pair
of trail legs of a |lightweight towed how t zer. Figure 2 illustrates the
geonetrical dHgW®8 skowssan anghasspads ‘ﬁﬁ%ﬂafstﬂé?ﬁéméﬁ’éﬁﬁcﬂ? Agd 4ty shawing detaiht

I nvention but excludes nuch of the detail such as the neans for stow ng the
anc hor spade ofithg ttalildegst 1i6fté hishdheanshor spadect is.fixed in a.manner similar to that

described for the embodiment shown in Figures 3 & 4. In the cmbodlment of Figure 5 the
stowage retention holes 12 are complete holes and not s_emic_:’_ircular as in Figures 3 & 4. To
fix the blade plate 2 in the stowage position the retention pins arc removed from the firing
retention holes 10 and from the lined fixing holes in the trail legs, and the blade plate 2
rotated upwards until the stowagc retention holes 12 are in liﬁc with the fixing holcs.

Insertion of the retention pins will then fix the blade plate 2.in its stowage position.

The embodiment of Figurc 5 shows a lunctte or towing arm 17, which has a towing eyc 20

and is fixed to the top platc 5. A pair of anchor handles 18 are fixed to the upper surface of

the top plate 5 to assist in removing the anchor spade from thc ground for displacement of
B the howitzer. The trail leg 16 shown in Figure 5 also has a pé_n’r of trail leg handles 19 used

for lifting and locating the trail leg 16.

Figures 5 and 6 show a pair of parallcl grousers 9 fitted onto f_hc internal rearward facing
face of the blade plate 2 and vertical plate 7. The grousers cxtcnd longitudinally generally
in the rearward direction. The grousers have the effect of incréasing the moving functional
force required to cause soil to move laterally across the bladeffp,l_ales when dug into the
ground. This acts to help prevent rotation of the howitzer about ione of the trail legs which
could happen when firing the howitzer on uneven ground or at;‘j:jhigh traverse angles. The

grousers shown in Figures 5 and 6 may cqually well be fitted @Q_thc embodiment described



Figure 3 is an isonmetric projéction of one enmbodi ment of an anchor spade
according to the present invention suitable for fixing one each to the

rear of the trail legs of a 155nm |ightweight howi tzer having two trail

| egs,. and which shows the rearward face of the anchor spade. Figure 4
I's another isonetric projection of the enbodi mrent of Figure 3 show ng the
forward face WP 1%nchor spade. WO 97/ 34119 PCT/GB97/00659

PCT/ GB97/ 00659 - 20 . 12 Figure 5
Is an isonetric view of an.anchor spade simlar to the enbodi nent of
Figures 3 & 4 for fixing to the rear of the trail legs of a 155mm

|i ght wei ghtwi‘}b{ﬁéﬁem\ﬁﬁ) figures 3apd 4. Any convenient number of grousers 9 may be fitted to

the blade plate 2 and vertical plate 7. They may extend over the whole length of the blade
plate and vertical plate. or may be limited to any lesser length on one or other or both of
the blade plate and vertical plate. The grousers shown in Figures 5 & 6 may be of any
convenient height above the surface of the blade plate 2 and/or vertical plate 7, sufficient

to prevent lateral movement of the soil over the blade plate 2 and/or vertical plate 7.

In another embaodiment of the invention (not shown) the stiffeners 8 on the forward face of
the blade platc 2 and/or ventical plate 7 may be dispensed with, or one of much smaller
size employed. Instead the grousers 9 arc strengthened so that they can also act as

stiffeners.

The embodiment shown in Figures 6, 7 and 8 have a pair of parallcl grousers 9 positioned

- on the blade plate 2 longitudinally and symmetrically about the centre line of the anchor

spade.

In the embodiment of Figures 6, 7 and 8 the blade plate 3 has an arcuate portion 21 in
place of a vertical plate 7 of other embodiments, at its forward end. The arcuate portion 21
has a radius which is a small fraction of the length of the blade plate 2. This aliows blade
plate 2 to extend at the opﬁmu‘m spadc bladc angle of 45° for most of the effective depth

of the anchor spade.



showi ng detail of the fixing of the anchor spade and lunette to a trai

| eg. Figure 6 is an isonetric projection of a different enbodi nent of
anchor spade according to the present invention for fixing one each to
the rear of the trail legs of a 155mm |ightweight towed how tzer, show ng

the rear face qQf the anchor spade. Figure 7 is, another isonetric
projection of tNEY4MHor spade shown in Figure 6. Fi gur e BCT/GBRI96Ye

el evati'on of the anchor plate shown in Figures 6 & 7. - Figure 9 is a
drawi ng of 105nm light how tzer having a pair of bowed trail legs that are

L pade accor ci igefts 10°P 1% andabB of b sachePfiae Rl Wb e RnPly 17 0"
an 1SOMetric RibRehd fhingls g0 f0ze? BRAS: §3601CY MW nEMSoRed RiRtzer
having a pair of bowed trail legs that arc joined at their rear end. The anchor spade is
preferably wider than the embodiment shown in Figures 6, 7 and 8, and the role of the
three grousers 9 may be more significant than the grousers of the embodiment of Figures
6, 7 and 8. Because there is only one anchor spade for the howitzer the grousers 9 together
with the friction force of the soil acting on the width of the compacted soil between blade

plate 2 and top plate 5 act to prevent rotation of the howitzer particularly at high traverse

angles of firing.

In some arrangements of light towed howitzers, trail legs are not present and the recoil

forces are transmitted through a firing platform.

B Figures 14 and 15 show a schematic view of a pair of anchor spadcs according to the

present invention fitted to the underside of a firing platform 22.

In the embodiment shown the top plate 5 of the anchor spades 1 arc fixcd by any
convenient means to the underside of the firing platform 1. The anchor spades face

rearwardly and arc symmetrically located cither side of the rearward recoil direction. The

anchor spades arc each fitted with four vertical grousers 9.



which is suitable for fixing to the j:oi ned trail | egs of the light howtzer

shown in Figure 9. Figure 11 is a top view of the anchor spade shown in
Fi gure 10. Figure 12 is a side view of the anchor spade shown in Figure
10. WD 97/ 34119

PCT/ GB97/ 00659 13 Fi gure 13

is a bottom vP@YBM®he anchor spade shown in Figure 10. PAI/GBATDOESS | S a
~schematic isonetric projection of the figjng platformof a |ightweight
howi t zer, which may not have trail |egs, showing a pair of anchor spades

according tqo_the resent invention.
Figures 16, 17 and 18 show an anchor spade similar to that shown in Figures 10to 13

fitted to a different form of trail leg 16. The top plate 5 of the anchor spade 1 is fixed by

any convenient means to the underside of the rear extremity of the trail leg.

Preferably the means for fixing the anchor spade to the firing platform or trail leg, in the
embodiments shown in Figures 14 & 15 and in 16, 17 and 18 respectively aliows the
anchor spade 1, or at least the blade plate 3 thereof, to be disconnected from the firing

platform 22 or trail leg 16 respectively.

In all the embodiments of the invention described above the blade forward angle is 90°

and the spadc blade angle is 45°.



Figure 15 is a side view of the firi ng""-p’r-'étfor-m and anchor spades shown in

"Figure 14. Figures 16, X{;isand: AR pshau,bhiee different isonetric

proj ections of an anchor spad Wipnanit o 't he pf THISSHERTVRAS iremyfli xed
to the trail leg of a differ eB"lllﬁmﬁ'm IJV\BI ‘ght :f t oneqhppppegzer. *  For
t he purposes of the descripti di-ment s bf—the—t-mventi on he
direction in WRIFR4% howitzer is fired when at zero traver PETGBIF6 [ od

to as the 'forward ' direction. Recoi |l ags therefore-in the 'backward or
‘rearward' direction and the blade plate and top .plate face rearwardly.
In practice, ~yi how t zer having a pair of trail legs, the legs are

positioned rearwardly symmetrically and either side of the line of recoil
at zero traverse (i.e. rearward direction). The angle of offset fromline

of recoil ¢ vary from20Lerrl. to 3 and Ls.alway S 1 h he. angl e
of traverse. For Th#" ﬂ?sﬁﬁéce{:‘?' bftfnﬁﬁ? 5‘“&&%’&?‘? |8k ] ’_l r%éﬁ _tA %?‘rﬁgéf’ %gﬁ't"bgf? he
forces transpavitzefl @ MoBorlspRictbeiig!fot Ggagiag dnd diggid inte the @Pount uiterahent  of
the  trail legs under the recoil forces is also referred to as "rearward"
or "backwar dgrearward (as hereinbefore defined) rccoil forces of firing, the anchor spade comprising: a
rearwardly facing blade plate having a tip for digging into the ground under the forces of
recoil and a rearwardly facing top plate mounted above the blade plate so as to be
generally paraliel with the ground, in use, when the blade plate is embedded in the ground
wherein the spade blade angle (as hereinbefore defined) lies in the range from 35°t0 55°

and the spade forward angle (as hereinbefore defined) lies in -r;'he range from 70°t0 110°.
2 An anchor spadc according to claim 1 wherein the blade plate is planar.

3. An anchor spade according to either claim 1 or claim 2:wherein the spade blade

angle is about 45°.

4, An anchor spade according to any onc preceding claim wherein the spade forward

angle lies in the range from 90° 10 110° when used with a lightweight (as hereinbefore

defined) howitzer.

5. An anchor spade according to claim 4 wherein the spade forward angle lics in the

range from 90° to 100°.

6. An anchor spade according to cither claim 4 or claim 5'wherein the spade forward

angle is about 90°.

7. An anchor spade according to any one preceding claim from 1 to 3 whercin the

spade forward angle lies in thc range from 70° to 90° when uscd in loose soil conditions.

8. An anchor spade according to claim 7 wherei;i the spacii:-férward angle lics in the
range from 80°to0 90°.

R
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PCT/ GB97/ 00659 As illustrat edT‘I EbeQRé gedanchor spade 1 conpr.i ses
a bl ade plate 2 connected via a ,I or port (ngsr.'EEp ASFBEEN
plate 5 at the forward end of the a HWED
fixed to the rear end of a trail |eg (not S o n F| gUr € Ludumdah

howi t zer . WRETAi e bl ade angle is shown as angle [err] il'ﬁTﬁl'gm and
is approximately 45[err]. The bl ade pfate 2 has a-sharpened bl ade plate
tip 3 for easier digging-in into the ground under  recoil forces. In
Figure 2 the anchor spade 1 is shown resting with its sharpened spade

bl ade tip touching the ground 4. This is typical of the position of

enpl acenent 9of tAveanchomspadeaccprding/to ithdr laim Jlor klaim Bgviwreimthesphdedogvard.  To

I mprove i ni n&fl algld sqldpsequent penetration of the blade plate 2 into the
ground, th&™&cds A ength of line of action of the tip 3in the
transverse direction in contact with the ground 4 is reduced. This has the
ef f ect

10.  An anchor spade according to any one preceding claim wherein the tip of the blade

plate is sharpened.

11.  Ananchor spade according to any one preceding claim wherein the blade plate is

tapered towards the tip so as reduce the width of line of action of the tip which engages the

ground.

12.  Ananchor spadc according to any one preceding claim wherein the tip of the blade
plate has onc or more arcas removed from the edge so as to reduce the line of action which

engages with the ground.

13.  Ananchor spade according to claim 12 wherein the one or more arcas are

symmetrically disposed on the blade tip.

14.  Ananchor spadc according to claim 13 whercin there is a single centrally disposed

area which is removed.

15.  Ananchor spade according 10 any one preceding claim whcrein the blade plate

extends to a height closc to the plane of the top plate.

16.  An anchor spade according to any onc of preceding claims 1 to 14 wherein the

blade plate extends at the spadc angle for between one half and all of the blade effective

depth (as hercinbefore defined).

17.  Ananchor spade according to claim 16 wherein there is an immediate portion
extending between the upper end of the blade plate remote from the tip and the forward

end of the top plate.

HIIIIII mlll IIIH Hlll H llll



of ‘increasing the pressure between the blade plate t|p 3 and the ground 4.

The top plate 5 i s approxi natel yTlnaﬁiheztcbhthenR
anchor in the enpl acenent posi tfi n| t [ aI fliTHI9 S,
extremty 6 of the top plate 5 is ectly alpove t e

tip 3, sothattesaeforwardangle [err] is RO
prior to the prﬂ’s‘flg?l ng froma given how tzer errpl acerrent
anchor fixed at the rearward extrem ty of2s5t he respecti-ve trail leg is
posi‘ti oned generally as shown in Fi.gure 2 with the top plate horizontal,
the spade bl ade angle [err] at 45, and the spade forward angle [err] at
90[err]. It is usual in practice for the spade anchor to be dug in to the
ground to a RBnit A apshos Apadp aresrding o giaimi 1| whergip thy intcepediate portign i Rlagas qug

(not, shown) - pBibR8REdis ApeSiiblicd piiSithulin) RFAER g, Whi ch the shar pened

19.  Ananchor spade according to claim 17 wherein the intermediate portion is an

arcuate portion.

20.  An anchor spade according to claim 19 wherein the radius of curvature of the

arcuate portion is between one half and one third of the length to a small fraction of the

length of the blade plate;

21.  Ananchor spade according to any onc of preceding claims 17 to 20 wherein said

blade plate and said intermediate portion are formed integraily.

22.  Ananchor spadc according to any ione preceding claim ‘wherein the rcarward face
of the blade plate has one or more ribs which extend into the volume betwecn the top plate

and blade plate.

23.  An anchor spade according to claim 22 whercin the ribs are substantially

perpendicular to the plane of the blade plate.

24.  Ananchor spade according to any one preceding claim Aurther including stiffening

ribs on the forward and/or outside face thereof.

25.  Ananchor spadc according to any onc preceding claim whercin the top plate, blade

plate and intermediate portion. if present. arc integrally formed from one plate.

26.  Ananchor spadc according to any onc of preceding claims 1 to 24 wherein the top
plate and bladc plate are formed from different metal plates éhd:-arc joined together in a

fixed relationship.

- x ¢ L M 0§ %
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positioned. The positioni n%mmm“mmm blade tip 3 in 1S SHEET BEEN
significantly af fect the |dgls! t he spade anchor regﬁﬁm oth
gr ound. Upon firing of the howitzer, recoil forces ace.ilralsi .
through the tW@%¥R4Ys to the anchor spade 1. The magni t uRETEIBITINEST ecoi |
force transmtted through the trail |egsgwll depend on many factors,

such as the elevation and traverse.of the how tzer, the extent of t he
firing charge, tRe. n8s je ecoil i i b fufthér RIS ot L Ne
recoil rranagemen‘tm?a sy&%&f%@ﬁﬁ%@s@ %?e Pﬁé c?zg%ﬂ?mf egs rz;ﬁ‘c?i’ ?ﬂg%)‘(’% ent to
whi ch recoi neawsaat gyneas td a fonwandicnd of thetblade figrpivotdl aenanegtion ® a guntin swand) upon
which the hawi tzer is mounted when in its firing . configuration. |n

Gener al e ERLIasKinE Bitansior Haiog anhicskibe i ikt ek Pprstion A o fs

| egs when tipprwv tzer is fired at mnimum el evation, maxi numtraverse and
maxi num  char ge. The recoil forces act to drive the spade blade tip 3
into the ground. The effective depth of

28.  Ananchor spade according to claim 27 wherein the fixing and locking means

comprises alternative positions wherein the blade plate may either be locked in a first

operational position or-Jocked in a second stowage position.

29.  Ananchor spade;-accor_dihg to either claim 27 or 28 wherein the blade plate is

moveable indepcndently 'of_ the top plate.

30.  An anchor spade according to any onc of preceding claims 27 to 29 wherein the
fixing and locking means compriscs a removable retention pin which fits, in use, into
alternatively alignable-_hb’l;és in a mounting plate on the anchor spade and in gun trail arms

in either operational or stowage positions.

31.  Ananchor spade -é‘_cgo'rding to any one preceding claim wherein the blade plate has
a width of approximatcly. 28 inches: a maximum effective depth of approximately 25

inches: a spadc blade angig of about 45°: and, a spade forward angle of about 90°.

32.  Ananchor spadc 'a@;'c()rd:_ing to any one preceding claim further including a howitzer

towing arm fitted to the topplatc

33.  Ahowitzer havipg ':t"\_»_t:'._o:f-tiail legs and having an anchor spade according to any one

of preceding claims 1 to. 32 fitted thereto.

34. A howitzer having_;'ié::;in_gl_e' trail leg assembly and having a spade anchor according

to any one of preceding clalms 1 to 32 fitted thereta.

[T
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t.he anchor is the vertical distance of the dc blade tip 3 under the
ground surface, and this effe€hs et eases as the_anchor spade is
driven into the ground under - the coi.l, force THIS*'&IEEWTHAS BEBN
which the effective depth is incr ny one WEPEACE]j
firings will end on the soil condl tions. Diggi ng- r—rey—eoRt+hRte
unti | gt he top JS‘FOa%"g” ®comes into contact with ‘ground surface "4}”‘?#?5/00559
reaction of the hori zontal top plate 5mngaging the -ground 4 will resist
further digging-in of the anchor spade 1. In this way the top plate 5

only cones ingso f Wﬂouﬂ&&eag:or}‘mg% gilﬂﬁr Bfaf 98 oY $4 HEHER théi0B pﬂﬁ‘&&%hé biade

maxi num
PCT/ GB97/ 006 BBte of the anchor spade arc separately and independently fitted to the trail legl 6 An

anchor spade having a spade forward angle [err] of approximately 90[err]

will mnimse the
36. A howitzer according to any one of preceding claims 33 to 35 wherein the trail leg

or legs are provided with pivot means to aliow the blade plate to pivot relative thereto.

37.  Ahowitzer according to claim 36 further provided with locking means to aliow the

blade plate to be locked in either a first operational position or a sccond stowage position.

38. A howitzer according to claim 37 wherein the locking means comprises a

removable retention pin.

39. A howitzer according to either claim 37 or 38 wherein the blade plate in the

stowage position is substantially parailcl 1o and adjacent the top plate.

40. A howitzer having one or morc spadc anchors according to any one of preceding

claims 1 to 32 fitted to a firing platform thereof.

41. A howitzer according to claim 40 wherein there are two anchor spades which are
fixed to the firing platform and disposcd symmetrically cither sidc of the rearward

direction (as hereinbefore defined).

42.  An anchor spadc for fitting to the rear end of a trail 1ch or to a firing platform of a
howitzer, the anchor spade being for engaging and digging into the ground under the
rearward (as hereinbefore defincd) recoil forces of firing, the anchor spade being
substantially as hereinbefore described with reference to the accompanying description
and Figures 1 to 5; or Figures 6 to 8; or Figures 9 to 13; or 14 and 15; or Figurcs 16 to 18
of the drawings.

43. A howitzer having an anchor spade fitted to the rear end of a trail leg or to a firing

platform of said howitzer, the anchor spade being for engaging and digging into the ground

AN RO



risk of the spade digging itself out under further or additional recoil
forces, consistent with mak iThigShekidagBeh Beplgphde readily renovabl e from
the ground by the gun crew. A | m nli wulillate 5 may f ?“1505 FRS HEEN
removal of the anchor spade fro ut-a spade _ 2
[err] of greater than 90 and for certalin soil conditions. - :
pl ane wi || WRIT849 up along the line fromthe spade bl ade r¢wmvam59t he
rearward end 6 of the top plate 5. Fabgure along this shear plane causes
t he anchor spade to dig itself out of the ground whi ch w II reduce the
effective d e enbodi ne i.llustrated
in Figures gnlrg%cfﬂ ggﬁag&%gégﬂg 1"&'?%8 Q{mé&p ?cco'l ﬁ%'ccso ates (e h% 1'7g°ﬁ BA and
manuf act ur ecdanklor spadb&ﬁinglslubghmaﬂy ghhcrémwdrcmwrtb%&wvnrhavﬂcfegcatopﬁtr of trail
| egs. Inthls enbodj t the bl te_2 has a generally vertical plate
729Th the | EeTTERIRARtcr oA KRy e 5 OB, GrERE O BT dhat o 2
are formed fah@536t Figlre0164b 18P aRldMlingBt al . The top plate 5 is rigidly
fixed to rear extremty of the trail legs (not shown). The spade bl ade
angle is 45 err] and extends at this angle for about two thirds of the

per pendi cul ar di stance between the spade blade tip 3 and the top plate 5.
This enbodinent of the invention has a pair of stiffeners 8 fixed to the
forward face of the blade plate 2 and

i



vertical plate 7. Although in this enbodinent the vertical plate 7 extends
for about one third of the maxi num effective depth of the anchor spade, it
may. be of any convenient size and need not be vertical. It is not
essential to the operation of the invention and as will be described |ater
inrelation to anple, Figures 6, 7 & 8, may be dispensed with. Also
the verti cal plwé{ég;a?ﬂﬁagpbe replgaced by an arcuatg pl at e \F/)\A't‘ff:réwm’”‘s’
conveni ent radius. The presence of the vertical plate 7 reduces the |ength

of the spade bl ade 2 and hence may -1/10 WO 97/ 34119

PCT/ GB97/ 00659 17 limt
the digging-in effect of the blade plate, but on the other hand the
presence of the vertical plate 7 may reduce the rearward nomgenent of the
anchor spade and trail |egs. A

SUBSTITUTE SHEET (RULE 26)



Two parallel fixing plates 15, |ocated on the forward face of the anchor

spade, are fixed one each to stiffeners- 8. These plates 15 al so extend
vertically above the top plate 5 and each have two holes, a firing
retention hole 10 and a pivot hole 11. Also shown is a sem circul ar
stowage retentywpyAghe 12. The rear extrenmty of the trail |e gnot shown)
fits between the pair of parallel plates 15 and a pair ofP‘% ’”‘fff‘hs
(not shown) allow the bl ade plate 2a5¢l vertical plate 7 to be pivotally
nounted on the rear extremty of the trail leg. It wi || be understood

that in the enbodi nent shown in Figures 3 & 4 the top plate 5 and bl ade
plate 3 (wth vertical plate 7) areFj@raely and i ndependent |y nount ed
and fixed to the trail |egs. 6 ATh igs operationab] or firing
configuration as shown in Fi gure§3 & 4, the fiyrimg = re},e' tion holes 10
align with correspondi ng fi xi my—hpFres=twret=— .---e---—:———:*—:.r\ rear extremty

of the trail leg. Two retenti og\QI ns (not shown), one eaj}h in association
with each fixing plate 15, fi% the blade plate 2 and vetical plate 7 to
the trail legs, so that there is no relative novenent btvsﬁen the top
plate 5, blade plate 2 and trail leg when in this operaffonal
configuration.

SUBSTITUTE SHEET (RULE 26)



I.n order to renove the anchor plate of Figures 3 & 4, when fully enbedded
in the ground, the retention pins which pass through the firing retention
holes 10 of the fixing plates 15 are renoved. This allows the spade bl ade
2 and vertical plate 7 to pivot about the pivot WO 97/ 34119 -
PCT/ GB97/ 00659 1 i NS

| ocated in the%??/’(’)'?“l?uol es 11, and hence allows the bl ade pl gﬁﬁ@’%e
noved rel ative to the trail legs and thereby aid renoval of the bl ade
plate 3 and vertical plate 7 fromthe gsgfpound. In extrene soil conditions,
such as wet clay it is sonetinmes not possible readily to renove the bl ade
plate 3 and vertical plate 7 by this neans. In these circunstances the

pi vot pin may be renoved thereby detaching the blade plate 3 and vertical
plate 7 fromthe trail |egs andpgko Qiate 5. In this way the how tzer may
be noved clear of the anchor léj. . 1% - 12

SUBSTITUTE SHEET (RULE 26)



spade(s), which will allow roomfor the anchor spades to be dug out
separately if necessary. When t he anchor spades have been
successfully renmoved fromthe ground, the bl ade plate 3 and vertical
plate 7 may be placed in the upper stowage position generally parallel to
and under t | ate 5 by rotating the blade plate 2 a Lcal
plate 7 so thrz}?o:’?{g“% sem circul ar stowage retention hol es %gT)zé’?‘é;Mg
positioned below the fixing holes in the trail | egs. The retention pins
are then inserted in the fixing holes in the trail |egs, and the

sem circul ar stowage retention holes 1248gage the retention pins to retain
the bl ade pl ate 2 and vertical plate 7 in the upper stowage position.

In the enbodi nent of Figures 3 & 4 the bladc plate tip 3 is both sharpened
and shaped by cutting away a proportion in the centre of the cutting edge
and chanfering the edges either side of the blade plate tip 3.

- SUBSTITUTE SHEET (RULE 26)



G ousers (not shown in Figures 3 and 4) nmay be fitted to the anchor spade
shown in Figures 3 and 4. WO 97/ 34119

PCT/ GB97/ 00659 19 Fi gure
5 shows an anchor spade very simlar to that of Figures 3 and 4, but

showi ng det ai | wo o9h4sie trail legs 16 to which the anchor spade 1 is fixed
in a manner simlar to that described for the enbodi nent AP PPEE gur es
3 & 4. In the enbodi nent of Figure 5 the stowage retention holes 12 are
conpl ete hol es and not senicircular as PAMOFigures 3 & 4. To fix the bl ade
plate 2 in the stowage position the retention pins are renoved fromthe
firing retention holes 10 and froMye lined fixing holes in the trail

| egs, and the bl ade plate 2 r ot atjed upwar ds ugtil the stowage retention
holes 12 are in line with the fixirg hol est_

Fig.7. ¢

\/
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Lnsertion of the retention pins will then fix the blade plate 2 inits

st owage position. The enbodi nent of Figure 5 shows a |unette or tow ng
arm 17, which has a towi ng eye 20 and is fixed to the top plate 5. A pair
of anchor handles 18 are fixed to the upper surface of the top plate 5 to
assist in renn*hpg$&n§ anchor spade fromthe ground for displagenent of

the how t zer. e trail leg 16 showmn in Figure 5 al so has a.fﬁﬁ?m%W”¥Wail

| eg handl es 19 used for lifting and locating the trail |leg 16.

Figures 5 and 6 show a pair of parallelggousers 9 fitted onto the interna
rearward facing face of the blade plate 2 and vertical plate 7. The
grousers extend longitudinally generally in the rearward direction. The
grousers have the effect of increasing the noving functional force
required to cause soil to nove laterally across the bl ade plates when dug
into the ground. This acts to help prevent rotation of the how tzer about
one of the trail |egs which coul d happen when firing the howtzer on
uneven ground or at high traverse angles. The grousers shown in Figures 5
and 6 may equally well be fitted to the enbodi nent descri bed

SUBSTITUTE SHEET (RULE 26)
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reference to Figures 3 and 4. Any conveni ent nunber of grousers 9 nay be
fitted to the bl ade plate 2 and vertical plate 7. They may extend over

the whol e | enghfip @fa4ifee bl ade plate and vertical plate, be |imted
to any |l esser |ength on one or other or both of t he bl ade B&ﬁ%&”ﬁ’ﬁ?f

vertical plate. The grousers shown in Figures 5 & 6 nay be of any

conveni ent hei ght above the surface of Z/pg bl ade plate 2 and/or verti cal
plate 7, sufficient to prevent |ateral novenment of the soil over the

bl ade plate 2 and/or vertical plate 7. I n anot her enbodi nent of the
invention (not shown) the stiffeners 8 on the forward face of t he bl ade

plate 2 and/or vertical plate 7 may be dispeng or one of nuch

smal | er si ze enpl oyed. | ngéead t 6e grouse ‘ & S engt hened so t hat
they can al so act as stif ;

21
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The enbodi nrent shown in Figures 6, 7 and 8 have a pair of parallel grousers
9 positioned on the blade plate 2 longitudinally and symmetrically about
the centre line of the anchor spade. In the enbodi nent of Figures 6,
7 and 8 the blade plate 3 has an arcuate portion 21 in pl ace of a
vertical plateywp@fsfioher enbodinents, at its forward end. The arcuate
portion 21 has a radius which is a small fraction of the I'%FW’@P‘sPhe

bl ade plate 2. This allows blade plaBé® to extend at the optinum spade
bl ade angle of 45[err] for nost of the effective depth of the anchor
spade. WO 97/ 34119

PCT/ GB97/ 00659 Fig- 1 2 21
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Fi gures 10-13 show an exanpl e of an anchor spade according to the present

Invention suitable for fixing as a single how tzer anchor spade to a
105mm i ght towed how t zer having a pair of bowed trail |legs that are
joined at their rear end. The anchor spade is preferably wi der than the

enbodi ment shown in Figures 6, 7 and 8, and the role of the p. .3t eeq
grousers 9 nafwﬂéwﬁﬂ?% significant than the grousers of the enbodi nent of

Fi gures 6, 7 and 8. Because there is only one anchor spade for the
how t zer the grousers 9 together weytp the friction force of the soi
acting on the width of the conpacted soil between bl ade plate 2 and top
plate 5 act to prevent rotation of the howitzer particularly at high
traverse angles of firing. In sonme arrangenents of |ight towed
howi tzers, trail legs are not present and the recoil forces are
transmtted throughﬁg]sg[ﬂmﬁ.platforn1 Figures 14 and 15 show a
schematic view of a pa™ of anchor spades—a rding to the present
invention fitted to the undersig%;gﬁfa firiﬁSQBTaK;?rn122.

/ N
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I.n the enbodi nent shown the top plate 5 of the anchor spades 1 are fixed by
any convenient neans to the underside of the firing platform1l. The anchor
spades face rearwardly and arc synmetrically |ocated either side of the
rearward recoil direction. The anchor spades are each fitted with four
verti cal grous%%”gﬂ” WO 97/ 34119

PCT/ GB97/ 00659 igures 16, 17 and 18 show an anchor spad&TGBHPNs ¢ o
that shown in Figures 10 to 13 fitted to a different formof trail |eg
16. The top plate 5 of the anchor spag‘yiﬂ is fixed by any conveni ent
means to the underside of the rear extremty of the trail |eg.

Preferably the neans for fixing the anchor spade to the firing platformor
trail leg, in the :

Fig.16.
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eppidi nents shown in Figures 14 & 15 and in 16 17 and 18 respectively

al l'ows the - anchor spade 1, or at" 1 east the bl ade plate 3 thereof, to be
di sconnect edfermaitdshe firing platform22 or trail leg 16 re&pﬂ}mmmdsy.

t he enbodi nents of the invention described above the bl ade forward

In all

angle is 90[err] and the spade blade angle is 45[err]. CLAI M5
1. An anchor spade(l) for fitting to the rear end of a trail | eg (16)
or to a fj ‘gt’[g; % tzer, the anchor spade (1) being for
engagi ng nd |gg I% und (4) under the rearward recoil forces

of firing, the anchor spade (1) conprising: a rearwardly facing bl ade plate
(2) having a tip (3) for digging into the ground (4) under the forces of

recoi | anph@piceen s chivn r@lGicd Go tRRdoRi€cfsdiwhidh e 8FmBRRNE rdiBRePlAfeidl at e
(2). so as to be generally parallel with the ground (4), in use, when the

bl ade pl a}%%rt(lggnld%fng xqegrtx L(ﬂ) ér@ 1d9§ ngns( fpr II‘M}@!\SIRQ[ ?ab%lpt‘%l owedde angl e

howitzers and rcduci‘ng the extent of rearward movement of such howitzers under the
recoil forces when the howitzer is fired. Howitzers generally have a rec;oiling ordnance
(barrel and breecch mechanism) mounted on a trail assembly and having a firing platform
and/or one or morce rearwardly extending trail legs, and it is known to fit anchor spades to
the rearward cnds of such trail legs which engage or dig into the ground under the recoil
forces when the gun s fired. Such anchor spades may also be fitted to firing platforms.
The present invention is intcnded to provide an improved design of anchor spadc

parucularly for lightwecight howitzers that have a rccoil management systcm.

Many modern conventional towed howitzers generally have an ordnance with a barrel of
103mm or 155mm internal diameter. and the substantial weight of the trail assemblies in
these howitzers heips stability. For example the tvpical weight of a conventional 155mm
(382 k) (3182kg)
howitzer might be 18,000 pounds‘with a recoiling mass of 7,000 poundz; and exccssive
movement of the trail assembly is usually avoided because of the significant cnergy

required to overcome the incrtia of the mass of the howitzer which is high in relation to the

firing impulse. Also the suitable design and management of the recoil braking system will

aid stability.

“-,“ .
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angle of the blade plate (2) (or of that part of the blade plate (2)
adj acent the tip (3)) to the general level of the ground (4), lies in the
range from 35[err] to 55[err] and the spade forward angle ([err]), herein

defi ned J_}})g angl e between the rearward direction of the éﬂﬂnl?ahﬁ,b(;ggevel of
t he groun and the line between the tip (3) of the blade plate (2) and

the rearward extremty of the top plate (5), lies in the range from70[err]
to 110. 2. An anchor spade (1) accordi ng to claim1 wherein the bl ade

| at d ther cl
D or ol S e Arvinaney s AuRCRRT e Ter g e s R A T O A

anchor spade (1) according to any one preceding claimwherein the spade
f or war doangltent] kewitders.ibas WilthoulHeSSrﬁngewmeMOngﬁﬁWf‘%bml‘m{cé? £3n Bthen used
with a |ightweight how tzer. 5. An anchor spade (1) according to claim

-4 wher %bﬁ‘lol@@nﬁi?@@ﬂ)x(ﬁl@rw& ANt r(hQbfi}ed tdeded md & feamge denditn 90[ err] to
100. An anchof spade (1)" according to either claim4 or claim5

meigbﬁé%msc atheml;lqgr\_Q[a'fxgr:?fpgll sqm(g[ leidre]r)mxl1§1r€%9Héop%}L.efﬂ&sc are all important

29.1.98
benefits for rapid delO\ ment forces. which play an increasingly important role in modern

armed conflicts.

The requircment for lightweight howitzers, for cxample for 155mm howitzers weighing
. (4091 kg) _
less than 9000 lhsihut with the same ordnance and firepower performance. creates
considerable design challenges to maintain stability of the howitzer in recoil. Much of the
weight saving is to be made in the trail assembly and with a trail assembly weighing only
(222% k3) (1364 L@

+.900 !bs(and a recoil mass of 4.100 Ib% much less energy is required 1o overcome the
inertia of the lightweight howitzer. Such a lightweight howitzer. if of conventional design
would not be sufficiently stable during firing and there would be a much greater tendency
for the howitzer to move rearwardly. Also the movement of the recoil forces pivoting
about the point wherc the spade engages the ground is not. in the casc of lightweight
howitzers. balanced by the counter-balancing moment of the weight of the howitzer acting
through the centre of gravity of the howitzer. Accordingly the howitzer will tend to jump
or bounce. An improved anchor spade design that will readily dig in, stay dug in. and

which does not causc excessive rcarward movement., will help to reduce this jumping and

bouncing.
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An anchor spade (1) according to a‘n':y _'-One preceding claimfrom11 to 3

7. _
wh@rein the spade forward angle ([err}) lies:in the range from70 to
err] V\/q’g Usefei N 1 0ose soil conditions. 8. . An_anchQrrRRRYBedsd)

cordi ng t'ogc aim7 wherein the spade forward angle ([err]) Ties 1n the
ange from80[err] to 90[err]. 9. Ah anchor spade (1) according to

either claim7 or claim8 wherein the spade forward angle ([err]) is about
to:.an r ecedi claim

“90[err]. 10. .. An_anchor s a&g % accordin sany ane. pl n
wher el n P nghissyGRepR BF BffBe pids BNy Tans A ELIgl DRk FRER RR 0 2oy
spade (1) according to any one preceding claimwherein the blade plate (2)
i s taperéddupiwatidie eHectivicplepd) so as reduce the width of line of action of
the tip which engages the ground (14) .
However in another arrangement, the blade plate extends at the design spade angle for
berween one half and the whole of the cffective depth, in which casc the blade plate may

be fixed to or positioned in close proximity to the top plate by means of an approximately

vertical platc. which may comprisc an ntegral part of the blade plate or top platc.

An arcuate piate may be substituted for the vertical plate, having a radius varving from as

much as a haif to a third of the blade plate length to a small fraction thereof.

It has been found that ror a Hightweight howitzer having a pair of traii legs and a recoil

management system of the kind described in PCT Application No WO89/06778, and
(4031 kg) (864 kg)
which weighs approximately 9000 Ibs{with a recoiling mass of 4.100 'lbz". satisfactory

anchor spadc performance can be achicved for all magnitudes of charge and most soil

: : (Flem)
conditions with a spade width of approximately 28 inchci', and 2 maximum cffcctive
(63:Sem)

depth of 25 inchc% and with a spade blade angle of approximately 45° extending for most

of the cffective depth. Optimum spade forward angle is 90°.

Normally a howitzer will be more stable when fired directly ahead (i.c zcro traverse) and

if the trail legs are provided. these are often splaved out symmetrically to the rear of the

~o -

howitzer. The recoil forces in cach trail leg would in this case be approximately cqual.
. . :

However when fired in maximum traverse. uncqual recoil forces arc transmitted through
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An anchor spade (1) according to any one preceding claimwherein the
(3) of the blade plate (12) has one or nore areas renoved fromthe edge
as tor e line of action which engages with the gr 13.
An anchor\§§§g§4%?) according to claim 12 wherein the one ofeﬁgﬁgﬁé%ggs are
symmetrically disposed on the blade tip (3). 14. An anchor spade (1)
according to claim 13 wherein there is a single centrally disposed area

whi ch is _r.ilmgved. 215, An anchor spade (rl_ ,agﬁ@r_d.i _Qg,t-‘o any one

precedi ny WUSTRCAARFEUEC AL BiCA R el O0H ekt BHES PIAC a RBIGHTY trdse to

the plane of the top plate (5). AL- LO02C. SAM i
3 vertical plate or portion 7 to a top plate 5 at the forward end of the anchor spade 1. The

12,
ti

anchor spade is fixcd 10 the rear end of a trail leg (not shown in Figurc 2) of the howitzer.
The spade blade angie is shown as angle u in Figu;c/iz;and is approximateiy 45°. The
blade piate 2 has a sharpened blade plate tip 3 for easier digging—in into the ground under
recoil forces. In Figurc 2 the anchor spade 1 is shown resting with its sharpened spade
blade tip touching the ground 4. This s typical of the position of cmplaccment of the
anchor prior to initial firing or manual dig~in. To improv¢ initial and subscquent
penctration of the biade piate 2 nto the ground. the width or fength of line of action of the

ttp 3 in the transverse direction 1 contact with the ground 4 1s reduced. This has the effect

of increasing the pressure between the blade plate tip 3 and the ground 4.

The top plate 5 is approximatcly horizontal to the ground when the spade anchor in the
cmplacement position prior to initial firing. The rearward extremity 6 of the top plate 5 is

located dircctly above the spade blade tip 3, so that the spade forward angle B is 90°.

In operation, and prior to the first firing from a given howitzer emplacement, the spade
anchor fixed at the rcam'ard.c.\'trcmit_\' of the respective trail leg is positioned generally as
shown in Figurc 2 with the top plate horizontal. the spade bladc angle u at 45° and the’
spade forward angle 8 at (}0° [t 15 usual in practice for the spade anchor to he dug in to the
ground to a lim#ed extent prior to mitial firing. Gcncr;xlly a hole is dug (not shown)

perhaps to a deggh of about 6 inches into which the sharpened spade blade tip 3 is
- i :
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An anchor spade (1) according to any one of preceding clains 1 to 14
rein the blade plate (2) extends at ‘the spade bl ade angle ([err]) for
bfween one half and all of the blade effective depth, the bl ade effective
Jepth being herein defined as the vertical penetration of the tip (3) of
he bl ade plate (2) below the ground surface (4). 17. An anchor spade
(1) acc&IdASto claim 16 wherein there is an internediate portion (7)

ext endi ng between the upper end of the blade plate (2) renote fromthe tip
(3) and the - forward end of the top plate (5). An anchor spade (1)
according to gl gldhol & a@eﬁ fo‘?fft to'th€ e d @BPaPr‘aﬂtléig gz} td§fxﬁn pl anar

portion éxtendl ng ap oxi er pendi cu arly to t op- pl ate (5).

19. Aplafurhost Shedieze,lthe aﬁﬂm dpadg (u))bahglfam ch@agwhg mad diggieg intd taenedi at e
portion (7) is an arcuate portion. An anchor s&?de (1). according
to cl ai gromdyHdpedes theapurd Fecaik foeqfﬁ@&ﬁam& e appkor spads ) SOPBFIENENA | s

angt . Srertag FahE nARE plfl (4 ndtink 3o B Eclikng e £plAELOUIG b ™T

any one fgfee PbefeReil Ad &lrédrivardly fAcng@p\pae «esymo&xaediabcbx&dﬁc pladt gldt@{2)and said
i nternedi ate portion (7édare T or med |nt egrally An anchor spade

(1) accastbhgg@nr-rdibypam pvlét@slgﬁ@n@(&) mmw@m thmélade@l%(’%) leace of the

E le? \(,j\: eﬁl rer‘l gdéech in tﬁg g?orx]l%d (85) wheréin thc spa(dscat)bla\t%ﬂc':I acnrélee((;})eﬁedrcfnnéc?m d5s th além%

angle of the blade plate (2) (or of that part of the blade plate (2) adjacent the tip (3)) to the

164

general level of the ground (4), lies in the range from 35° to 55° and the spade forward
angle (B), herein defined as the angle between the rearward direction of the general level
of the ground (4) and the line between the tip (3) of the blade plate (2) and the rearward

extremity of the top plate (5), lies in the range from 70° to 110°.
2. An anchor spade (1) accordihg to claim 1 wherein the blade plate (2) i_s planar.

3. An anchor spade (1) according to either claim 1 or claim 2 wherein the spade blade

angle(p) is about 45°.

4. An anchor spade (1) according to any one preceding claim wherein the spade

forward angle (B) lies in the range from 90° to 110° when used with a lightWeight howitzer.

5. An anchor spade (1) according to claim 4 wherein the spade forward angle (B) lies

in the range from 90°to 100°.

6. An anchor spade (1) accordirig to either claim 4 or claim 5 whercin the spade

forward angle (8) is about 90°.

HIIIIII IIIIII IIIII IlIII Il IIII
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the top plate (5) and blade plate (2). 23. An anchor spade (1)
‘acgording to claim 22 wherein the ribs (9) are substantially perpendicul ar

't he plane of the blade plate (2). 24. An anchor spade (1) according
tpany one preceding claimfurther including stiffening ritbs (8) on the
ﬁrward and/ or outside face thereof. ®AL-L002C. SAM _ 4 25.
An anchor spade (1) according to any one preceding claimwherein the top

plate (B), bf\agecirapede (1) aggoadingteanieneanrecesing ¢léim (rom 1 iq 3 prhesdmthe are
i nt 1y, f d, f. .pl.ate. 26,0 .anch 1). di
o' oo siked PTRRLAE Ry R Soes ot o SRR o PR e b e

pl ate (Zpnaftnsornmed fromdifferent netal plates and are joined

8. An anchor spade (1) according to claim 7 wherein the spade forward angle (B) lies

in the range from 80°to 90°.

9. An anchor spade (1) according to either claim 7 or claim 8 wherein the spade

forward angle (B) is about 90°.

10.  An anchor spade (1) according to any one preceding claim wherein the tip (3) of

the blade plate (2) is sharpened.

11.  Ananchor spade (1) according to any one preceding claim wherein the blade plate

(2) is tapered towards the tip (3) so as reduce the width of line of action of the tip which

engages the ground (14).

12. Ananchor spa‘dc' (1) according to any one preceding claim wherein the tip (3) of

the blade plate (12) has one or more areas removed from the edge so as to reduce the line

of action which engages with the ground (4).

13.  Ananchor spade (1) according to claim 12 wherein the one or more areas are

symmetrically disposcd on the blade tip (3).

14.  Ananchor spade (1) according to claim 13 wherein there is a single centrally

disposed area which is removed.

15.  Ananchor spade (1) according to any onc preceding claim wherein the. blade plate

(2) extends to a height close to the plane of the top plate (5).

* ¢ L WM os x

AMENDED SHEET

AL-L002C.SAM 29.1.98



ne
rd

ate i
ccordi

| ocked
positio
wher ei n

(5).

ier in a fixed relationship. 27. An anchor spade (1) according to
preceding claimfurther including pivot neans (11) at or near to a

end of the blade for pivotal connection to a gun in use and,

ng and locking nmeans (15, 10, 12) for fixing and | ocking the bl ade
n position relative to the top 3pl ate. 28. An anchor spade (1)

ng to claim27 wherein'the fixing and | ocki ng means (15, 10, 12)

Conpri setb.al t émrechoespads { 1)iasoardisigao any ohéief pleactting khims (29 14swhersit Her be

Blale bl 1) 3k 7 Sl uide et fon e v bl ol 4 99 or 28

glgﬁe fo%&%ze‘)& te tl(ezﬂladé ?fﬁf@l‘(r@%%tg Her}fj%e PRSIk 9% bl ch plate

n anc or spa 0O any one Ol prece

27 to 29p6ﬂ&&raﬁbiilofhﬁt1ﬁ03)bﬂﬂ:eaﬂ£ﬂc|ﬁﬂkl(21pbdmm§c grbﬁnd 46kfack)).conpri ses a

renovabl e retention pin (not shown) which fits, in use, into alternatively
alignable holes (10, 12) in a nounting pI ate (15) on the anchor spade (1)

t1ons,

d i | h |
3 " at B ran eBherds ) BeSititg o EBHTY Bhe rherdar o RrIARBREPR « ne
bl ade pl @ exicAdingaendea tE bp rcaalafm@m&dee;bmte?(%feﬁ%te%oﬁmemp(g SndTEREi MUm

effective depth of approximately 25 inches (63

([err])

a spade ade angl e
fofwattsdoand of 3hetopjplatarid). a spade forward angl e ([err])of about 90.

18.  An anchor spade (1) according to claim 17 wherein the intermediate portion (7) isa

planar portion extending approximately perpendicularly to the top plate (5).

19. An anchor spade (1) according to claim 17 wherein the intermediate portion (7) is

an arcuate portion.

20. An anchor spade (1) according to claim 19 wherein the radius of curvature of the
arcuate portion is between one half and one third of the length to a small fraction of the

length of the blade plate (2).

21. An anchor spade (1) according to any one of preceding claims 17 to 20 wherein

said blade plate (2) and said intermediate portion (7) are formed integrally.

22, An anchor spade (1) according to any one preceding claim wherein the rearward
face of the blade plate (2) has one or more ribs (9) which extend into the volume between

the top plate (5) and blade plate (2).

23.  Ananchor spade (1) according to claim 22 wherein the ribs (9) are substantially

perpendicular to the plane of the blade plate (2).

24. An anchor spade (1) according to any one preceding claim further including

stiffening ribs (8) on the forward and/or outside face thereof.

AL-L002C.SAM . ' 29 L 98

AMENDED SHEET ||II|||| |l||l| III|| i IIII

I ng clains



yo02C. SAM

5 32.

nchor spade (1) according to any one preceding claimfurther including
howi t zer towng arm (17) fitted to the top plate (15). 33. A
Mitzer having two trail legs (16) and having an anchor spade (1)
ccording to any one of preceding clqains 1 to 32 fitted thereto. 34.
A how tzer having a single trail |eg assenbly and having a spade anchor (1)
according to any one of preceding clains 1 to 32 fitted thereto. 35

A howi tzer according to either claim33 or 34 wherein the top plate (5) and

the - bRade RmpamchoR§padt (1) eccardidn anpante pﬁ'éc)cdﬁfg&:laﬁpﬁhﬁtﬁi tite adjriplate
|ndependentlyflttedtothetrall | eg (16). A how t zer

accor di k3> bladapjatetd asd ipearediale porion léaremtagemég@ilm fprmed: frem|ongeg

or | egs fa\JgG) are provided-with pivot neans (11) to al.low the bl ade plate

(2) to relatlvethereto

26.  Ananchor spade (1) according to any one of preceding claims 1 to 24 wherein the

top plate (S) and blade plate (2) are formed from different metal plates and are joined

together in a fixed relationship.

27.  An anchor spade (1) according to any one preceding claim further including pivot

means (11) at or near to a forward end of the blade for pivotal connection to a gun in use

and, fixing and locking means (15, 10, 12) for fixing and ldcking the blade plate in

 position relative to the top plate.

28. An anchor spade (1) according to claim 27 wherein the fixing and locking means

(15, 10, 12) comprises alternative positions wherein the blade plate (2) may either be

locked in a first operational position or locked in a sccond stowage position.

29.  An anchor spade (1) according to either claim 27 or 28 wherein the blade plate (2)

is moveable independently of the top plate (5).

30.  Ananchor spade (1) according to any one of preceding. claims 27 to 29 wherein the

fixing and locking means (15, 10, 12) comprises a removable retention pin (not shown)

which fits, in use, into alternatively aligrable holes (10, 12) in a mounting plate (15) on the

anchor spade (1) and in gun trail arms (16)in either operational or stowage positions.

31. | An anchor spade (1) according to any one preceding claim wherein the blade plate

(2) has a width of approximately 28 inches (71 cm): a maximum effective depth of

approximately 25 inches (63.5 cm): a spade blade angle (p) of about 45°: and, a spade

forward angle (B)of about 90°. T e e
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37. F A howitzer according to claim36 further provided with |ocking neans
(1 10, 12) to allow the blade plate (2) to be locked in either a first
op@rational position or a second stowage position. 38.. A howitzer
?tcordi ng to claim37 wherein the | ocking neans (15, 10, 12) conprises a
enovabl-e retention pin (not shown). 539. A howi tzer according to either

claim37 or 38 wherein the blade plate (2) in the stowage position is
subst ant3zl | yApanehérespado(iyndcardingaeahy bhe picebding aladm (@her ind@ding aA
how t zer having one or nore spade anchors (1) according to any one of
pr ecedi npvikzer fewingrasma17) fited@ thotap mlatei(hd). pl at f orm (22) thereof.
AL- LO02C. SAM

33. A howitzer having two trail legs (16) and having an anchor spade (1) according to

any one of prec_eding claims 1 to 32 fitted thereto.

34. A howitzer having a single trail leg assembly and having a spade anchor ( 1)

according to any one of preceding claims 1 to 32 fitted thereto.

35. A howitzer according to either claim 33 or 34 wherein the top plate (5) and the

blade plate (2) of the anchor spade (1) are separately and indcpendently fitted to the trail
leg (16).

36. A howitzer according to any one of preceding claims 33 to 35 wherein the trail leg
or legs (16) are provided with pivot means (11) to allow the blade plate (2) to pivot

relative thereto.

37. A howitzer according to claim 36 further provided with locking means (15, 10, 12)

to allow the blade plate (2) to be locked in either a first operational position or a second

stowage position.

38. A howitzer according to claim 37 wherein the locking means (15, 10, 12)

comprises a removable retention pin (not shown).

39. A howitzer according to either claim 37 or 38 wherein the blade plate (2) in the

stowage position is substantially parallel to and adjacent the top plate (5).

40. A howitzer having one or more spade anchors (1) according to any one of

preceding claims 1 to 32 fitted to a firing platfofm (22) thereof.

* [+ L M s *
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1. A how tzer according to claim40 wherein there are two anchor
es (1) which are fixed to the firing platform (22) and di sposed
trically either side of the rearward direction (as herei nbefore
dei ned) . 42. An anchor spade (1) for fitting to the rear end of a
rail leg (16) or to a firing platforg1(22) of a howi tzer, the anchor
pade (11) being for engaging and digging into the - ground (4) under the
rearward _(as h reLnbefore,defi&ed) recoil forces of.:.firing, the anchor

spade (131-bei APOYIFET AFROFSNE {0 GlainhaY wherrde Hiese ardwo; amsbongpedesr(@) whishice t o
h [ LiRLel ; ' [ : r.Ei { X
R SRR b OIS ] Y R

A howi t zdireckian i(@ghereinbeforodefiiedyle (1) fitted to the rear end of a trail |leg

(16) or to a firing platform (22) of said howitzer, the anchor spade (1)
being for engaging and digging into the ground (4) under the rearward (as

her ei nbefpr e fi ) cai k. far.ce f firing, the how.tzer and anchor
spade (1 2(')bei%gagu ogtsg%% @P k%/r fgén%gortgllc ﬁ%aé'fcgfié’gaé?dhlrelf’%g#) %ﬁ? ﬂ_?Wélﬁerence to
the accqjmasin (X2)des hoiixzer) theadtihbil PHaEE] 13 beMgTor Sfgaairp RS Soih® irflo tRY
Fi guresqjgmto 1%13;2)0r 14 and 15; or F%urgs}16 tg?’orw gc??t e drl‘g'%bi %bs‘?

ground (4) under the rearward (as hereinbefore defined) recoil forces of firing, the anchor

spade (1) being substantially as hereinbefore described with rcfé_fence tothe
ac_compan_ying description and Figures 1 to 5; or Figures 6 to 8; or Figures 9 to 13; or 14

and 15; or Figures 16 to 18 of the drawings.

43. A howifzcr having an anchor spade (1) fitted to the rear end of a trail leg (16) or to
a firing platform (22) of said howitzer, the anchor spade (1) being for engaging and
digging into the ground (4) under the rearward (as hercinbefore défined) recoil forces of
firing, the howitzer and anchor spade (1) being substantially asiﬁ':reinbefore described
with reference to the accompanyfng description and Figurcs 1 to 5; or Figures 6 to 8; or

Figures 9 to 13; or 14 and 15; or 'Figur_cs 16 to 18 of the drawing_s.

wmn
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| howitzer is described, the anchor spade being
| for engaging and digging into the ground

| with the ground, in use, when the blade plate

|-(54) Titte: HOWITZER ANCHOR SPADE __~

(57) Abstract

An anchor spade for fitting to the rear
end of a trail leg or to a firing platform of a

under the rearward recoil forces of firing,
the anchor spade comprising: a rearwardly
facing blade plate having a tip for digging
into the ground under the forces of recoil and
a rearwardly facing top plate mounted above
the blade plate so as to be generally parallel

is embedded in the ground, the spade blade
angle lying in the range from 35° to 55° and
the spade forward angle lying in the range
from 70° to 110°,




