#3$%3eTCT<<=?X@C6hCTCy14 NOV 2002 *1 GGL6G | MPROVEMENTS | N OR RELATI NG
TO FI ELD HON TZERS This invention relates to field howitzers and i s

especi ally, although not exclusively, concerned w ol a
| i ghtweight field howitzer which is suitable for u ”IM” m@ @meerﬂ OBMEW 202
forces. As is known with field howi tzers, which can fire y projectile

over a great range, the recoil presentsja particular p???HP*em One net hod of
mnimsing the effect of recoil is to make the how tzer heavy, however such

ordnance are not ngaibYEMIIFORT RPRAL ATING RO EHOMD HBlifzBRY tzers, which

are intended to beair tritable, arr droppapre and noved around a battle

field with conparative ease, a relatively light, though still robust,
howi tzer is required. To increase the stability of the howitzer and to
spread the recoil forces, it is known to provide a pair of trail |egs which

have ° spad€Ehis avenhien relatese¢o €ebiishowitverspandois separially, hhowphate exclusively, di g
into the ground and thereby absorb the recoil force. Despite their

construct i ofyncsHewith ?ﬂ@?@"ﬂ‘ iZRhRighl BeliMowhio& WIgaY ¥ smam@fcffl%ngé b;eﬁgg@hg 4 near

small ; or nedium siz hel i copters which mght typically be

t he actual battle %?ne. Furthernore NATO is in the process of standardising
ordnancé an (?8‘??'system3 into a single calibre and thus a need
exists for an ultra |ightweight version of the standard 155 mmfield
how t zer which can be transported as a single unit by a battlefield

hel i copter. ~ 4 NOV Z002 T. he present invention arose in an

endeavour , tAs Brimvwae~ish fiekl dwiawist wiich o file d eapapidjeaile besitgread yaige ones
the limtations of the known howi tzers. According to a first aspect of the

- invention ttH@Fe%ofl%re@%ﬁ%’iﬁggﬁicﬁlglf 'gl%'bii 108hd A€thoa o@ﬂm&hﬁhg% &feew}%&?x a

barrel supported cra such as to be displaceable froma first

position ta second .posi ti.on as a consequence of recoil.. on firing a

Fecol | “but 18f° BFET B AL el e LD G EPaFey POy Baportabl

di spl aced on firing; and a recuperator systemto return the displaced
barrel fromthe second position to the fixst position; wherein the recoil
buf fer and recuperator systemare interconnected such that 10 absorption of
ener gy durilnghe knowh fiekd howritzers whichpare sstenpded to betdueliftahde) mér dibppableyatdem and
wherein the cradle is constructed from hol | ow, nenbers and the space inside
sai d hol | ownéRaRESdiaautfeefibldMiith comparativesasd alrelatively LightPhOWSHIRIIIBBust,

vol une. f or, conpressed, gas" in the
howitzer is required. To increase the stability of the howitzer and to spread the recoil
forces, it is known to provide a pair of trail legs which have ‘spades’ at their free ends.
The purpose of the ‘spades’ is to dig into the ground and thereby absorb the recoil force.
) Despite their construction, such field howitzers are far too heavy to be carried by small,

or medium, sized lift helicopters which might typically be used near the actual battle

zone.

Furthermore NATO is in the process of standardising ordnance and ammunition systems
into a single calibre and thus a need exists for an ultra lightweight version of the standard
155 mm field howitzer which can be transported as a single unit by a battlefield

helicopter.
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., recu erator s stem .~ .~~~ .~Y _w_ 15 Preferably the recoil buffer
systemis a hydraulic s stemand is interconnected to the . .. .~

R i T 2 I W~ . ~ ~.... o e~
e~ o~ . .. recuperator systentby a hydraullc 14NUYZMZ
accunul at or. The hydraullc accumul at or ajrangenent of the conbi ned reco

buf fer system and recuper at or system serves as a spring' which absorbs

sonme of the rgy of. the recoilin rreI The .energy .absor be
Subsequent |y TE e R Hgn g B AT REANNI e PGt PO CRRZESRICh A PELe he

firing (first) position. 20 Hydraulic accunul ators operate against a given
vol ume of coaplesssecbremses tib Bmisponsty tookisivanbowitzrsdet er ni ned by the vol une

t he vol une of hydraulic fluid dlsplaced by the recoil. To provide a
relatively uniform spring constant a large volune of gas is required
conpared with the, vol une .of fluid placed ﬁ%’ S g f ho al | ow
the barrel t&ccorfing o @ Wropped plathle uepuon here éédtfPV‘ gidp pRwitzer
fairly large volune of hydraulic f|UId needs to be dlsplaced and hence as
| ar ge a ol upempfisipgsa eradlsos batrélesupportesichyi the dradighsaichwes trhbe difplatdable frernl ed
pressure-resistant gas cylinders adds sig nificant~ to the overall weight

of -the how i #igdt pofivioltd 4 kétbRdpbdiorddac@nidagmte of RoftObh BinBRITRE] Biffdrhe
Cradl e Structure 5 this prOV|des t he required gas vol umewand

I t d | . { all
oL et o5, MRSl g paSch oS, B LT ASLSPYtRRLaR 81
th t th ded field h t A has -

R et o A 5ot de R L DO Ao Ao 10 8 ChESS - 2

pivotally mounted to the chassis by a trunnion -bearing so that the barrel
i s pi vot abl epesitian, vhereip thegaedil buffer andiregupdratpn systrgn aranigrdopneqsgd/aich tlatt he

barrel . about said axis, said el evating neans bei ng assisted by conpressed

gas; whdr ei nalisbsptionad bea:gs dadmsiereitis @sed tofcompraspfdsanvttieradupemtangsttmand pace
i nsi de. said . neENbErs 1s used, WholTy orYin part, to -prOV|de ‘the yol une_

for the COWD{vﬁééﬁﬁhg éradle is @Qﬁﬁﬁé@&ﬁ%%ﬂo%%rﬂ%ﬁ &ld théspRteiatiak kyd henspunt ed
so as to beour-of~vatance—and the " ~de Tef—assistance provirded by t'he

conpressed g t C t of
t he barrel ﬁgm‘b&sgtgfsugéﬂwﬁﬂﬁlba#gwbahé &Q@%%ﬁqgssg&? y\ﬁeﬁg

el evati ng neans co rlses a lead . -screw and a roll screw, the roll screw
bei ng fi xed-FEEHREE % ®he cradle, but rotatable such that rotation of the
roll screw causes translational novenent of roll screw along the |ead 20
screw causing.~the ,” cradle-_ toA, rotate .w about".-, the .~ trunnion A
bearing,.-- thereby , elevating/depressing the barrel of the howitzer. ~In
this prléferrﬁdfaabla@gemﬂ hulfifer systamais ®hpdraglicosystein arttblsbmmrcehnq@ecbtbfthet ed b
means of a eared drive via a handwheel, but this ~ . . T |

.. =" . Y_ . .recuperator system by a hyddaulic accumuttator. - The hydraulic accumu}atbr an‘angemt:nt“‘
~. - . involves mninmal, physical efforf because of the

count er bal ang tH%)c/@rng'fnrQ@ )rﬁcgﬁ ke %?ﬂe% aﬁxﬁ\%ﬁcugﬁﬂaﬁo?g%ﬁéiﬁ E’é’t‘véssaspa' XBLRd Whibh xed

to,the chassi's

absorbs some of the energy of the recoiling barrel. The energy absorbed is subsequently
released in a controlled manner to run out the barrel to the firing (first) position.
20 Hydraulic accumulators operate against a given volume of compressed gas. The ‘spring
constant’ is determined by the volume of gas and the amount by which this is reduced
by the compression caused by the volume of hydraulic fluid displaced by the recoil. To
provide a relatively uniform ‘spring constant’, a large volume of gas is required

compared with the volume of fluid displaced. As it is desirable to allow the barrel to



~4 ~ o0V 200z 4 siring neans aligned with _the axis of the |ead (screw and
‘a danper, wherein the spring constant, pre-load and resistance_to

notion. provi ded by the danper are adjustable to) i~ ve a. tunable'system®
Conveni ently the s~ring, neans. comrises'a ~lurality of siring" _ washérhNi0
the danper is a hydraulic danper. 5 Thetas_ connection between the_hol | ow
menbers and, the cylinders of the gas. s~r}n~s w _, may either be via

fl exi bl e pressure-resistant tubes or via a bore,down the axis_of _the piston
rods of the pihgvonslagtdrecdibavporeiblendsiryflatghe ohuasobiesiingdy fwd segdy tadEl ow
menbers. 10 According to a third aspect of the invention there is provided
a field how t Zgyplfemahd hbA@: asdagBaSHgme of B4l RissiBlebigrélirea N TMevieeghtt he
cradl e, ~such, as to y be displaceable froma first to a second position as

a conse-guence..of | il on firinJa. . trunni on. I tr ured
fo the chassi gk efFEpoartils slslamtes Siinabh ks HhifciRRY S N SRRES) ¢
is pivotally nounted, wherein the trunnion bearing is positioned .at a

- poi nt  beyond Hithkowitzer; Byfutiisine tminaeiapide thehollosymemben of the e radiergfriggare

i runni on bearing beyond the point of maxi mumrecoil enables,the,irunnion
bearing t® be thiogabedes igs sxquired ighe volumenand BEmeRYesnihei nded ifog additional gas

t he, hei ght, of "t he trunnron support stTUcttr € thereby reducin the mass of

the” how 2t cfiet e IBnAAHAT) bl i o8] wERBLbS BBERIBAE T -

~...,. Y ~ ..~~~ __.-._.._20, transfer of the recoil forces to”the
ground Moving the barrel~forward so that the whole ~of it, including the
whol e of the su~~orting cradle, is always forward of the trunnion bearing
| eads to a hi Arcgulingdo @f segomd e$pestbhtireinvantidn Heres ig prayidedse fieldehewiszsr |
monent ~~...-...b ........... ~ =t -

CTe e s T _comprising; a chassis; a cradle; a barrel supported by the cradle, wherein the cradle is
....... : ~ T T T Tparticalrarry " when, the gin is Tired

at | ow apgl es i ' . . e

ot ef or' oo b R eE o, el Ry o SR Helkifl SR i barel s pivotlly
. above inventiqns or conbi nation of features.of all three. Such a.
Gonbinat i on oppetehetzofla AR ARl Bl meent onigind S barsci S Bpad b, fie

t he, known_howi}zer,. s In a preferred enbodi nent of any of the above

i nventions t h&lovaungmeans being assisiaddey corpprRsed gas: sthenuil theoeradleds conSTHEER ¢ he
ground; front stabilisers operable to support the how tzer when not being
fired; and rediom hellgw mepbers anddhs spage insisle saidgnerphesa s ushd Whedly agfin parg to
howi t zer over an area of ground and to assist with the absorbing of recoil
energy whil, prévige ehel vblivge ddethe Woniphdsaghsl aAévantagebusly thet barrel epiverally
trail support |egs also provide 10 overturning and lateral stability.

Preferabiy the,gpades, a§ o ok édasaf.gﬁﬁhée- Qﬁcgaienaég(rweg a8@sthltR prbliayd Wy! the b€

fully effective as the first round 1s di scharged. e spades are preferably

| age are v el abPOBr<Sreat I SubiRog o ShraRRy Rt SaRed R LERR. HRL R ", e

shades can be s_ecure(% i )
to its out-of-balance. In a preferred arrangement the elevating means comprises a lead

screw and a roll screw, the roll screw being fixed relative to the cradle but rotatable such

that rotation of the roll screw causes translational movement of roll screw along the lead

20 screw  causing thew_'ggadlq to rqggg_wgggut the trunnion bearing, thereby

[P

elevating/depressing the barrel of the howitzer. In this preferred arrangement the actual

elevation of the barrel is effected by means of a geared drive via a handwheel, but this

involves minimal physical effort because of the counterbalancing action. Preferably the

lead screw is pivotally fixed to the chassis by a flexible mounting which comprises: 2



directly to the chassis. This in con unction with a |ow trunni on bearing
hei ht rovides ~..li, _.P._ .... ..~ ~_. ...~ . _ .~

_ e~~~ ke~~~
e T T I .~ _m. _~.. .. 15 an essentially rigid ”'EMSNW‘CZOUZ
restraining the howitzer during recoils Wilst the front stabilisers and
trail legs generally inprove stability and* hence the ai mng of the gun,

they also play a part in the absorption of recoil energy. The term trail
legs' is a gepming Myaraabgpedevith Greraxispfithe krad yerewand aoiampge whengin Hsughing t i s
not intended that the howitzer of the invention be towed by “trail |egs',

the termis remidiedorkbad@RiCGeiblahdLio2Mot@Npiosided Gy . thd daipaidre aljdstable to
howi t zer .t o beTeadi'ty " towed it "advantageous "y conpri ses a mizzle™

br ake, at t acheg. : Yol : : -
barre_| _adj acwg-@gﬁﬁq E_B&%}iﬂd?gﬁgﬁ#gﬁéaﬁﬁgbﬁmg eélﬁrtggf}'?gyfespgm E_..
tow-d. _ Preferably t spades, are repovabl e to enabl e detachnment for when
t he howit zer E’Yﬁ%’fr aﬁé@@ﬂﬁﬁﬁﬂ!ﬂéﬁﬂg&ﬂﬁ%ﬁ/transported. In a preferred
enbodi ment the rear trail support |legs are hingedly nmounted to the chassis
and hydraulic danpers are provided at, or near, the attachnment points of
the rear trail 5 support legs to the chassis to assist with the absorbing

of recoil enemngy oad BRHRCEF MO SerAHE ABRG W GRIrhbere DAL Ik RiekPbf e x&ggrmgpund
and gi ve prot WF?‘OFT?QHIW‘@X‘C‘EWV@“FE@W"TUY’C‘@S’TW oEnabtethe Tzer

to be trained _onto.a,,target .i.t is preferable fob the,.t~nni op _suppz _
10 structure M@M%%ﬁb e.gﬁﬁg‘&c_ﬁ%@@ﬁe@hgféﬂl%5?2%{.&;%’1”9%@89&%&5}%@50 as

to be rotatable about a vertical axis, said trainin bearin comrisin a
central | ocat Pift95eEds inhgipstons with the other ends of the rods secured to said_hollow. _

s : - —frn e =

P DU ¢ P .~ . 0.~ . . P g WWLL
..~ ___~. gmembers- g a first bearing surface fast.with_ the chassis and, a

second bearing surface fast with the trunnion support and a | arger dianeter

thrust bgpring formed as a concentric arc with the central |ocating

beari ng. Advantageously the training rack is formed as an integral part 15

of the thrust i arc..l.t 1s.p [ .C . red,: i1 of
the inventi onfé‘lgg %{dh{éﬁg’ ﬁo%“fj Z&F g?tog%éﬂecguﬁlg{“]rl%nc%e L i ?&‘dé§§?hé\%ﬂ?’§‘13‘%g‘rﬁ§b| es
it to be quickly and easily, separated jntq two or re parts whjch c

readi |y be reSYSERHBEeR.C é“ﬁtﬁ&giiég"el’%qgas—‘ﬁm L‘ﬁﬁﬁé alliB@spie be

separated into one or nore conponent parts and easily re-assenbled is that
transport proBisplaseablefrgmeafitsy to adesnad fobitionas [aj aphsequendei afrrecdiboe firinghe
noved i nstead of one heavier one. In this context, transport may be by

vehi cl e or hetrhgiiph Sippoft setctiraeciBed ! the edssis ehdinclyingiartinaidn, besfingoabont r oad

vehicle to or ' fromthe scenée of conflict. Smaller sections of the how tzer

may pack et t Ghidnth@ cbiels Plvodilly GhéirtedMiRrIR e didfor! Rahfg is PosttideY arH02

point beyond the limit of maximum recoil of the barrel. Locating the trunnion bearing

beyond the point of maximum recoil enables the trunnion bearing to be located closer

e

to the ground thereby minimising the height of the trunnion support structure thereby

reducing the mass of the howitzer. Minimising the trunnion height greatly facilitates the

20 wansfer of the recoil forces to the ground. Moving the barrel forward so that the whole

of it, including the whole of the supporting cradle, is always forward of the trunnion

bearing leads to a high degree of out-of-balance which acts to oppose the recoil moment,

particularly when the gun is fired at low angles of elevation.




7 |~ 161065. SGA transported. A further advantage is that damaged parts nal ~
be repaired by replacenent of a whole section. For a better understandi ng

of the invention and to show h~:~w the same rr ay be carried 5 into effect)
.reference will now be rmade) by way of exanple only, to the a, cornpapyyggzmz
drawi ngs, in which: Figure 1 shows a side elevation of a conventlonal
mmfield howtzer in a ready-to fire p05|t§on 10 Figure 2 shows a side

el evation of an ultra lightweight 155 mmfielc howitzer in accordance with
the present i duemnidnpreferedeathdyimant b dieldlowitzer gompies thofedlustsaising of e

el evation of the howitzer of Figure i, in the towed node; 15 Figure 4 shows

a plan view ofahblieinlveNidig & aQonibirztioh Bffeahﬂest&ealft%?ééy S&hhlcbﬁ]biﬁaﬁlaﬁéﬁers
Figure 5 shows a ¢ross-section through the barrel and” crad1 e:

howtz:;r of Fi to 4 20 Figure 6 s |y the actlon of
he rocoi | buAnegadiecRytif deih 8t bt S Rier ' 0% 05 T
are 7 Shu,.~y 0. s, d~ elcvati "n u~ 'fhe e,I~~uf|y !~zeh uni ~, ~ t~f

~~e.J. ~JI/~~1~"Ze~ U~ FI ~Nr 25 1 4 ~OV 2002 8 Figure 8 shows a sectional
plan view along the line BB (Figure 9) of the training nmechani smof the

howi t zer of Filgurgefetretl @mbodith€itlof afly Sh eSabdve §6enOO theifiked BbWMadrifaRhal ong
the line AA (Figure 8) of the training mechanismof tThe how tzer of Figures

210,81 F1 ur SohBshUltud o5) B Eh VRN A Blnd (RRLabAlL nae?&,lea&d,uggg@ifgf a

further howtz in es€nt | nven

a sinplified exploded view of the how tzer of Fi esZto V
2002 9 Referri\ﬁw Whea ok b %th&dea%reéhwsuapwﬁ opeysblgte fmrswthﬁé%dtczfer
in a ready-to-fire position. The barrel 1 which is shown in horizontal

ori entation i shd bowiteat over an_sreaohgound and ite dsson vathstbe sbembing lof cdvad sinerg3.
The height of the trunnion is such that the barrel axis |Ais a relatively

| arge di st ancevidlefpréviing evennning ahdlaendRlabiliey. €V fe@rAlf subpét @k 816 prbvide a
required firing position. Two trail Tegs 4 and a sole plate 5 are provided

to give gpst atﬂwlvgrtummg and lateral stability. Preferably the spades are of the ‘self-digging’ type so

that they will be fully effective as the first round is discharged. The spades are

preferably located at the ends of the rear trail support legs provided that the trail legs are

relatively short and inflexible. In an alternative arrangement the spades can be secured

directly to the chassis. This in conjunction with a low trunnion bearing height provides

15 an essentially rigid means of restraining the howitzer during recoil. Whilst the front

stabilisers and trail legs generally improve stability and hence the aiming of the gun,
they also play a part in the absorption of recoil energy. The term ‘trail legs’ is a
generally accepted term in this type of howitzer. Although it is not intended that the
howitzer of the invention be towed by ‘trail legs’, the term is retained for descriptive
20 consistency. To enable the howitzer to be readily towed it advantageously comprises

a muzzle brake attached to the barrel and a hinged lunette attached to the barrel adjacent..

A e

_to the muzzle brake to enable the howitzer to be towed...

Preferably the spades are removable to enable detachment for when the howitzer is



3-point support for the howitzer. In the ready-to-fire position the trai

| egs are splayed to increase stability of the howtzer. A spade 6 is

provi ded near to the end of each trail leg 4 which is designed to "dig
into the ground as the howitzer is fired and so provide a horizontal] 4 NOV 2002
reaction 7 to the horizontal conponent of the recoil force. Wen firing the
howi tzer with the barrel 1 at an elevated &ngle, the vertical conponents 8A
and 8B of the recoil reaction are taken at the sole plate 5 and spades 6
via |l egs 4, rebpegtiwedltyansportesk der to wit hstand the horizontal reaction 7,
the vertical conponent 8B and the turning conponent 8T of the recoi

forces, the trail legs 4 are nade from substantial box-section nenbers. A
further benefit of the trail legs 4 is that their weight acts as a
counterbal ance,to that of .barre] 1 to brin e centre of qgravity, 9 above
cole ol ate 5. WA HGGGR Frbodpe i waliral ypfor s SR HifialimBl fne B8
box-section nenbers, they still act as "springs' when the gun is fired. If
the howi t zer wekdhydsalic dampess ara provadegt atj erunger, shooslachmer prupts of thetrrar wail
woul d be no vertical conponent in the recoil. Instead the recoil would
consi st of5 a haippgaldgito therchassishé adist &ith HeabeaBingyoftrb@ileaeigg o Mhate d@dwkd on
7 and a turning nonent 8T which results since the line of reaction 7 is
offset fromth - i ' [ [ | - As
he how t zor 1 2 PARGEAY bl Bciheben bREn 8 e BudBneapB el B4R
mai n body of the h?mﬁtzer to nove backwards. Since the spades 6 should be
firmy extende®PMHIYRES- ground the horizontal conponent of the 2 4 NO V

2002 to recoil causes the two splayed out trail legs 4 to distort and
absorb the strain energy as they transfer the recoil energy to the spades
b. Since there is also a turning nmonment 8T in the recoil, the sole plate 5

may be |1 ted ééndsanghowiisbs (e (hedaes el itidyefcR®R for it thhAmhRajes DY
the spades 6, so the strain energy in trail legs 4 wll be rel eased causing
t he main dy : ] - UL N [ e '
or' gi mal 'Sos! tHrchlig i< \3hied Sh Pkt b ke BE RS e IS roplibt
back onto the ground. .Thus. t he, known how tzer tends to exhibit fairly,
Vol ent mot | orAHSHLbYeTHEA Akl: SRR HETDIS PP B8 penGldpnt beariie haVing, o
a side elevation of the ultra |ightweight how tzer according to theggresent
invention. | n_fiEsibegring sustace faskvith ghe Shessis B sasond bearing suEtacstaet Wiih tef ko
conponents as shown in Figure 1 but preceded by 100, for exanple barrel 1
i s desi gnat ed_th@iibiorReppont amip largeFdigmeer thrust beuring freneaz acemtentrivadre Witk the
overal |l height of the howitzer is very mich [ower than that of the known
design. A fact@ntrhiSotdiigg Besinp) oRivadgddhsly iR Baihing tadR id fohmell abas ftégrdihrmhen
in the horizontat —positrTom ~whitch s about 650 mm above gréund =

15 of the thrust bearing arc.

It is particularly preferred, in all aspects of the invention, for the howitzer to be
constructed in a manner which enables it to be quickly and easily separated into two or
more parts which can readily be re-assembled. The advantage of a howitzer which can
20 be separated into one or more component parts and easily re-assembled is that transport
problems are greatly reduced if two light sections have to be moved instead of one
heavier one. In this context, transport may be by vehicle or helicopter on or near a
battlefield or by aircraft, ship or road vehicle to or from the scene of conflict. Smaller

sections of the howitzer may pack better in a ship or aircraft when many have to be



| evel , as conpared to over 1500 nm for distance 2 for the gun in Figure 1.
This | ow overall height is achieved by locating the trunnion bearing 113 of
the trunnion support structure 124 to the rear of the extrene recoi
position of the barrel 101 and lying on the axis 101 A. This makes flHeNOV 2002
design a hybrid between that of a conventional field howtzer and a nortar.
As shown by the centre of gravity 109, tijere is positive out]-/6fedsa8Grce. To
ensure that the weight of the howitzer is used in the nost effective nmanner
inthe 14 hansgoﬁédZQQiunhEPﬁvm%gqpm dRRe PparRRflydeir&dired Bifeplaterfithii NG
firing, the design is such as to place the cehtre 0f gravity 189 as far
forward of the.trunni on bearing 113 as possible, i.e.” to create as nuch
positive out-8¥4ﬂﬁaﬁﬁ8§m§s practicable to counteract the overturning effect
108T of the recoil. Though the result of this design philosophy is to
require front stabilisers 110 to give stability in non-firing nodes, the
net advantages are considerable. Detail ed studies of a range of options

i-ndi cat e t hat Fbhgberteh afdernandifdof e BivEfion dnlo RS hoo Hersanik sy e icarizd
wei ght - savi ng on the whol e ordnance (i.e. after allowing for the weight of

t he frontgstahjl i i SN col rt. Lhg. gonment
108T. The5t r uﬁ.’rﬁ{’ %%&édé%%ﬂglr@%%&dﬁgy ?@82%”?‘{&’? %y'ég\gﬁa%"%r% g]ﬁgg sis
117. Both thege strugctur.es are fabricated fromlow weight, high strength

al | oys which ESSH“P";‘Féhi um magnesi um and al umi niumetc. as
constituents. O her | ow weight, high strength, materials, e.g. glass and
carbon fibre reinforced plastic, may be used where appropriate. The design
of the trunnion support 124 and platform chassis 117 structures uses

t echni ques noFiguse/blHowsasidelaitsh ofialconentiondl @55 mnefigld howirgerdi ¥ f=adphaist

| i ght wei ght conponents. The underside of the platfornichassis 117 i s convex
to ensure tha&-mi_i,osygdnl; readily rest on all normal types of terrain to give
a stable 3-point”support with the front stabilisers 110. At the rear of the
pl at f or hassis 117, rear trail legs 104 are fitted via a hinged joint
104A. Al sO incorporated in these hinges are self digging spades | 06. The

met hod of hinging i,s,such that the rear ds,. and .do rds.di r.ection, of the
recoi | forces?UATE &sONS %f}g&ég“’i‘&%‘ ?éﬂ%%ﬁ%‘ L AFlc Jowitzer in
platformichassis 117. | n effect therefore the 1~ NO YV 2002 12 spades
can be consi d@fegdanse Wit iRe presgnbinyeqtion dpja readye-firpesitiod: and f or m an
integral part thereof. Due to

Figure 3 shows a side elevation of the howitzer of Figure Z in the towed mode;

15
Figure 4 shows a plan view of the howitzer of Figure 2 in the veady-to-fire mode: .
Figure 5 shows a cross-section through the barrel and cradic of the howitz::r of Figures
2t04;

20

Figure 6 shows schematically the action of the recoil bufler and recup:rator of the

howitzer of Figures 2 to §;

Fburc 7 shows & sde elevativn  of the Q—\QV"‘*'QD mechanism of

the howitze- of Ffjure_s 2 o 6}



i) the greatly |lowered trunnion bearing height, ii) the location of the
barrel, including full recoil length, forward of trunnion bearing, t%“hVﬁ@f
single fabricated chassis iv) the self-digging spades attached directly

the chassis, v) the positive out-of-balance of the barrel, vi) the use of

| i ghtwei ght all oys and construction t&chni ques, a nunber of advantages
result, these being: a) greatly reduced nass of netal in the trunnion and
chassis structures; b) greatly reduced turning nonents due to recoi

forces; c¢) high out-of-balance which acts to oppose the turning nonent 108T

due to the rgeald 3 BG5S {RBLR ﬁlaﬂ%ief:yaﬂ%%%i ﬁ@e! B Qﬁeéi{?gﬁ dMfie tRiifEd

recoil nonent “requires |'ess nechanical stréength int nion support
structure 124) allow reat er, choice of |ightweight materials. The
front stabi Iﬁng‘ét}a?“ﬂ@&g‘f’goggéﬂ(’?Elgélfﬁﬁr?t@rﬁct the out-of bal ance 109 of the
howit zer. Thus in the normal ready-to-fire node) there is a stable,

t hr ee- poi nt support provided by the chassis 117 and the two feet 111 at the
ends of the front stabilisers 110. The vertical reactions due to the

howi t zer' s VBsigBhi 9 Sovie sekianaisiie blehanad alig thelids QAL (FiuadB) bSekesraldily 1 4
N O V 2002 13 axe indicated by arrows 108B and 108D. The rear trail |egs

104 are sec : i.te hinges 104A, which al so secure
self-digginé%§§g§§g£Q@%B%Q§F?¥T#Eﬁ%&¥%§%ﬁ%aiI | eg hinges 104A are hydraulic
danpers (not shown), which essentially conprise a hydraulic fluid fl ow ng
through an orifice. Under a steady load, the fluid flows through at a
constant rate; however, if the load is greatly increased) only a m ni nal

i ncrease i n Figuredl@ Showsox side slevaiondd sicneabtrai! ddgoand spérde ofechirthef bowdzeray be

~considered as consisting of three conponents: - a horizontal conponent; - a
vertical conpebfiihce WitH the predent vedionPamnt 108T. Refernng to Figure 2, the
hori zontal conponent of the recoil is balanced by the horizontal reaction

107 which is provided by the two spades 106 which engage in the ground.
Though no vertical conponent is generated when the howitzer is fired with
the barrel 101 in a horizontal orientation, as. shown in Figure 2, the
vertical corfpgHEnt] ign simplificdeploded view efithe hoviesr ghFeares2o0 10s el evated) is
bal anced by the vertical reaction 108B fromthe ground via the convex base
into chassis 117. The turning nonent 108T is bal anced by vertical reactions
108C on the feet 112 at the end of the rear trail |egs 104, plus the

out - of - bal ance 109. Since the hydraulic danpers (not shown) are

i ncorporated into the hinges 104A, the howitzer will tend to attenpt to
rotate clockw se slightly as the



t'urni ng nonent 108T is dissipated. Once the turning nonent has been

" dissipated, the 14 ~0V 200z 14 homtzer will rotate back onto its
forward feet 111 under the effect of the out-of-balance |09, possi bh% V2000
lifting rear feet 112 off the ground. The rear trail legs 104 wll JW
slowy swi ng downwards under the control of the danpers (not shown) until
feet 112 rest on the ground. No danpers Are i ncorporated in the hinges 110A
for the front stabilisers 110 but these stabilisers can be |ocked in either

the ready-tq-fire (FR.gur ~Qr .town Fi e 3 des. Thus st.abl e
thr ees por nt Retrurite fo TEErBha o0k i Bl St W Ter P dcsn-Risies
i.e. 2 x 108D + 108B and 2 x 108C + 108B respectively. It will also be
noted that phetiepadlesbares ! améchhs slyeun imhasizentabonenyation0g cater an a trienion

hori zontal and vertical conponents of the recoil act to "lock' themin
thei r oper atiryied BRaishbsCahtialAhissisOt. aThOReight of B R dnZe EudhUBRatltiGe batfeDhxXig
nmonment 108T woul d probably occur about an axis roughly through the pair of
hi nges 104A, ,B r r i i 4 i i.on il
protect t ne paih Rl RE R BE 2 T ek UG pAE Re bl BEBART 1
scantlings of |egs 104 may be m ninmi sed. The i nportance of having spades
106 whi ch aP&qited SRBEPPYIMMd aHdllegs 4amd awkiplete Acre BOVIdRUK §i¥e 4 $faltled. The

hori zontal and vertical conponents of the recoil force are taken directly
vi a the trufifjodmt sspppofor thethowdtzer. dnlBelreadyttd-fie pdsasmithe trail ldge atesplayedund as
reactions 107 and 108B, respectively. Thus, these recoil conponents pass

through robysicRhEdsedtilit§ D1 teHRWhtzYr. {2 shA¥e 635 BHIsed iBar@nhé &fd of dach R&il known
field howtzers (Figure 1l ) the horizontal conponent of the recoil passes

through long “resilient' trail.l.e . The, =~ Nov zQ 5 rele of the
strain ener g%g I Wﬁfché%%es %’SF ?‘? éjrlﬂ I?It%atﬁ? gfogag aﬁthlc;holv‘f"l%gr ‘5%%%%“# °rPé§\§.ﬁ? and
the net result is that .the known how tzer noves violently during firing. In

contrast, eadRrizairgachon { ietheherizental gampeieghetf the sseplldeiget Yehengfringfhe
present invention provides the spades 106 and chassis 117 with an ever nore
st abl e basehawitzanyathi thebdnel hatsameeldvattd gngle, thé vertca compontnts &oanddB efithect of
the turning nmonent. Thus, on the ultra lightweight field howtzer of the
present i nvedbil @hctib@e Skasl@he e plate 5 and spades 6 via legs 4, respectively. In order
to withstand the horizontal reaction 7, the vertical component 8B and the turning
component 8T of the recoil forces, the trail legs 4 are made from substantial box-section

members. A further benefit of the trail legs 4 is that their weight acts as a counterbalance

to that of barrel 1 to bring the centre of gravity 9 above sole plate 5.

Although the trail legs 4 are made from substantial box-section members, they still act
as ‘springs’ when the gun is fired. If the howitzer were to be fired in the attitude shown
in Figure 1, there would be no vertical component in the recoil. Instead the recoil would
consist of a horizontal force which is balanced by the horizontal reaction 7 and a turning
moment 8T which results since the line of reaction 7 is offset from the barre] axis 1A
which is the line of action of the force. As the howitzer is fired, the horizontal
component of the recoil forces the main body of the howitzer to move backwards. Since

the spades 6 should be firmly extended in the ground the horizontal component of the



provi de the anchor at the structures 124 and 117 where the recoil forces
are generated. On the known field howtzers, the anchor is renbte and is
effectively connected by resilient trail legs which act |ike a ‘spri?gmmvgﬁ
a casual observer, it may seemthat the need to provide two front 02
stabilisers is an additional weight penalty. However, this does not
recogni se the consi derabl e advant ages conferred by the out-of-balance, for
exanpl e: a) the out-of-bal ance acts to 6Bpose the recoil turning nonent
108T; b) the position of the trunnion bearing enables the vertical and the
hori zont al Fasedicauses Misoientriayed oybtrail fegp gie distorgansiishsodmidresHpi capIsyws: i)
the use of short light rear trail legs 104 ii) a small light trunnion
support str they aagsfé2ie rdco)l efergyed the lspgiet 6C ISagaitlerd is/alsolhrirmap mhegh8Tsavi ng
due to the above is found to far exceed the weight penalty associated with

the front s LILser ) | : i her.e, | .
Cross-secti gﬁ&% ﬁé%@gﬁ’eisa%rpé%fg%vﬁ %“E@%Egﬁ égﬁoﬁg& gi?lhé %]e?%p%bgrefgﬂbar rel
101. The crad].e . has a rearward end whjch is pivgtall unt ed apout. t he
trunni on belrdifi{patetdytaeipadesyse nesiran engrgy inyrail jegs {illiberelepsed Qusings f our
hol | ow tubes 119 and 119A located in relation to each other by

cr oss- nenbeths n4is badydof RS hoviineer raretuh tdl @dd pessibly avegdhdos lshorighat poditiaan nove
axially (101A) within the cradle via lugs 127 which slide in cut outs 128

in menbers ARhe shhR tird, @hbhintdy B2 $hedhowidel 0ills bdbesntd Ife gﬂﬁné.lQﬂuﬁ'hS

designated 129 and 129A respectively. These volunes are cleaned and tested

Lo the condiid anRoldl R, LAlLPEELF YLr BRRE) RpahgRR, connect  ons (not

shown) in cross-nenvers alrs’ o nter nal” vol umes 129 and 129A
respectively. Simlar connections may be provided in cross-nmenbers 126 if
requi red. When the howitzer is fired, there is a massive rel ease of

chem cal energy which causes the barrel 101 to recoil and nove rapidly
backwar ds fReferang forlSguren 223 smté ttrpisshbivon. sideredevation @f thef ultrhdighteetght | s
absorbed in several ways, of which the main ones are: i) by a nuzzle brake

118 (Fi gur endwitzer a¢cdddin@ td @€ Prdseuhiditioand recuperator system which will
now be described; and i1i) through the spades 106 and trail |egs 104.

Muzzl e brakes 118 are known on nmany gun barrels. They consist of a series
of angl ed

In these Figures, the same reference numerals are used for like components as shown in

Figure 1 but preceded by 100, for example barrel 1 is designated 101.

Referring to Figure 2 it will be apparent that the overall height of the howitzer is very
much lower than that of the known design. A factor is the distance 102 of the axis 101A
of barrel 101 when in the horizontal position, which is about 650 mm above grouﬁd
level, as compared to over 1500 mm for distance 2 for the gun in Figure 1. This low
overall height is achieved by locating the trunnion bearing 113 of the trunnion support
structure 124 to the rear of the extreme recoil position of the barrel 101 and lying on the
axis 101A. This makes the design a hybrid between that of a conventional field howitzer

and a mortar. As shown by the centre of gravity 109, there is positive out-of-balance.

To ensure that the weight of the howitzer is used in the most effective manner in the



baffl es, attached to the barrel, which deflect the exhaust gas rearward and
so exert a braking effect on the rearward notion of the barrel. Dependi ng
on the angle of the baffles and other factors, the nmagnitude and effg Snc(}/
of the braking action may be varied. In this case the particul ar A0V 2007
bralce is chosen in such a way that, together with the design of the recoi
buf fer and carnage geonetry, the energy of the recoil is 1 4 NOV ZOO?. 17
di ssipated in the nost acceptable nannérl. In this context, "carriage"

covers the synergetic design of saddle (including trunnlons) body) trai

l egs and spaeiesrdudbempdrovimperdoi.itha ysduing fuing, ahe destgn is IsutHt asrto pinge ghe
recuperator on each side of the barrel to dissipate the recoil energy

symet ri calckiitre bh@hvitys1 09 £ fosvaad bPthakrufdioh Bedring)!1B8 A8 posibld, Reltd@rdagwi t zer
of the present invention, the recoil buffer and recuperator (Figure 6) are

combi ned '%?nu%h%oﬁ%g yof @19&% z%s}{)ea%ir&%lefh(io&?terafh&%loxer%frh%lg%lffeg{1(}8\10

cylinders -"o0one on each arre contributes to
the overall weight _savin on the whol e howi tzer. \When the howtzer

fired, bar éltherseoil.edhpyed theyraspis of thigdesieminhilpsopby iniedreaiee fra@tsstabzlvsels\n a

pi ston rods 134, force pistons 136 into cylinders 177. Inside the cylinders
177 are perlfionagzved smbideymmohAdirpandded) the het adwintagesate gonsidersblel Ivetaitads es
hydraulic fluid in the central volune 173 of the cylinder to be forced, via

the perfor %Elﬁﬁessl)pﬁ\/x@x?gelgfgf oBﬂl(msomaﬁQfél thatl e &Hgocfulﬁ@ﬁ'lcﬁlovoﬂ BtiPisP@e vk&d, 186

to an accunul ator 130. erforations in the sleeves 174 are not uniform

but decrease in nu nd/ or, . si ze . , pi st ons
136 move & GOmEIE Aey R ey et of Bt ls%%aa?eg@ﬁeafbeéﬂﬁawm & hr ough
whi ch hydraulic fluid can flow is reduced and, hence, the resistance to the
rearwar d moveghiraf tBe fropestahilises|119and minimisingsthe Bet fagei} oNgriumEsso@eRind/ or
nunber of perforations, the recoil characteristics nay be tailored to suit
parti cul ar 108%ui renents. The piston rods 134 pass though seals 135. Inside
the accunulator 130 is a floating piston 188 which has hydraulic fluid 187
on the one side and inert gas 131 on the other. A pipe 189 connects the
accunul ator 130 with 14 NOY 2002 18 two of the four tubular nenbers

188 15 thatt et pSERorb Sible U2 HTWaqG 48 plusBRly ey 0, phucthe® = "
structures are fabricated from low weight, high strength alloys which comprise titanium,
magnesium and aluminium etc. as constituents, Other low weight, high strength,
materials, e.g. glass and carbon fibre reinforced plastic, may be used where appropriate.

The design of the trunnion support 124 and platform/chassis 117 structures uses

techniques not usually associated with artillery weapons to give robust lightweight

components.

The underside of the platform/chassis 117 is convex to ensure that it will readily rest on
all normal types of terrain to give a stable 3-point support with the front stabilisers 110.
At the rear of the platform/chassis 117, rear trail legs 104 are fitted via a hinged joint
104A. Also incorporated in these hinges are self digging spades 106. The method of
hinging is such that the rearwards and downwards direction of the recoil forces causes

the spades 106 to lock against the rear of platform/chassis 117. In effect therefore the



“hydraulic fluid, which is essentially inconpressible, is forced fromthe
volunme 173 via the perforated sleeve 174 to the annulus 175 and thence via
the pipes 185, 186 to the space 187 thereby forcing the piston 188 todhﬁe

| eft and conpressing the inert gas 131, 129 (or 129A). Since the voll dnt g0l
the inert gas 131 plus 129 (or 129A) is large conpared with the vol une
swept by the pistons 136, the pressure in the accunul ator 130 renains
substantially constant. Wen the howi tzet is fired, the pi stons 136 are
forced to the right raising the pressure in volunme 173. The flow of an

i nconpr essi bipedds agh dercnroderpd anbeang figidly fixedpe dpathesséhaind foon an entegyalapast r oot
of the pressure difference across it; thus if the pressure difference is
doubl ed, thehéfeyi.d flow will increase by only 41 % Thus the recoil buffer
action is to exert a high and increasing braking effect on the rearward
notion of t ugé;rel 101 progressively bringing it to a halt. In contrast,
the recuperator action is to advance the barrel back to the firing position
at a slow steady rate. This is achieved by using the relatively constant
pressure differenée béﬂ‘@\ééﬁtlt’wer%”ﬂmoﬁgﬁéﬂﬂ’&?ﬁ'@%l ) 129 (or 129A) and
that in volume 173. Despite the smaller pressure difference, the fluid

fl ows through theai)per fthe bicetiorsdfeka/iesrell, Tekladingfullapqildprgtia tferwaad ef thmnibmve t he
barrel 101 back to the firing position in tine for the next shot. Inert gas
131, 129 (or 129A islﬂﬁﬁggnpressed to an appropriate pressure so that,
under all conditions except when recoiling, the barrel 101 is fully run out
to its extended positign ir espec ive of the angle of elevation. 14NO
V 2002 19 AIthoudH hyJ33§P$% g@%@ f%?%#% 130 on field howitzers are known
t he use of the addjtional gas volunmes 129 (or 129A) to suppl enent vol une
131, as in the prlé}sentthf:m)gﬁtgigm,spa%%@ah@ie Sireethntevhe chassisr esul ts in the
overall size of the accunul ator 130 being greatly reduced which provides a
further wei ght sawi ng.thé posut dutef-bakines éfahd hardlar ger vol une of pressurised
inert gas 131, 129 (or 129A), the recuperator characteristics are better.

As described abowg) thge 'uMlig%f\v&%hth'ﬂ@y&ﬂﬂtdoﬁstﬁictigﬁQéﬂhhhq_uéé?9 gives the
how t zer a | arge out-of-balance. IT a conventional elevating gear only were

to be used t ' gﬁ]& 2|. 101, the elevating gear conprising
a geared aréﬂgﬁ@%%ﬁfan gggfﬁ%épq?%ggéﬁ ort required would either be very
| arge or woul d r%ﬂuire an exgesaivel higﬂgr ratiqQ. In either case, the
gearing woul d be Heav\Beaity EMHAS lnéaé?réf?‘ﬁt dhe jrnnionand ¢hassis SHYERIES:t hj s
effort, elevati n% cylinders 114 filled with conpressed inert gas are used
to provide ) greatly reduced turning moments due to recoil forces;

c) high out-of-balance which acts to oppose the turning moment 108T due

to the recoil.

These factors act synergetically because the reduced recoil moment requires less
mechanical strength in the trunnion support structure 124, allowing a greater choice of

lightweight materials.

The front stabilisers 110 are used to counteract the out-of-balance 109 of the howitzer.
Thus in the normal ready-to-fire mode, there is a stable, three-point support provided by
the chassis 117 and the two feet 111 at the ends of the front stabilisers 110. The vertical

reactions due to the howitzer’s weight on the chassis 117 and on the front stabilisers 110



.a ~counterbal ancing' effect. Here again the gas-spring principle is used
with the volunme 129/ 129A of the other two of nenbers 119/ 119A, providing an
increased gas volunme. By approximately pressurising the inert gas, tiheNQV 0
force exerted by the cylinders 114 may be adjusted to be approxi mately
equal to the out-of balance of barrel 101 and rel ated equi pnent, e.g. 119,
119A, 130, etc. (A slight degree of undgr balance is preferred.) Under

t hese circunstances, the barrel 101 may be el evated via a |ightweight
geared rack_ (wmi.th accept e rakhbQ) using a conventional handwheel as
only a ninﬁﬁ%¥“5FF3&V‘ﬁﬁﬂﬁd%@§‘WSQ@Fﬁed. As the angle of elevation of the
barrel 101 increases, so the total volune inside the cylinders 114 and
menbers 119 (or 119A) will increase thus | owering the pressure and 1 4 N
0 V 2002 20 degree of counterbal ancing. However, this will be |largely

of fset by tlhe réaatail 1dpatl 04 be sea@ired toghobodyts thacamposité hinged 1044 ndlichalseove t he
centre of gravity 109 to the right (Figure 2) so that the net

out - of - bal REFy-1R e.r .l ithe 4 eul h ek

descri bed, “PRge JeifiBRR sREE BRC BUR OB Y Mhe IR Srofiullc o 1
conjunction wth cylinders 114 and, t he vol une 29A of. the .t | ower
menbers 119ATREE @ ‘eséloé’élg’d‘émlh gentiRgy cappripe %Eyélrévl.lc fvid losying fgpuern | s
chosen to give the best line of action for cylinders 114 on the

bar r el / cr adkificas Sedtl a/steddnieads the fitid §loas thnogginets comiantiatey howerdkr)ifithe
accordance with particular requirenents. Simlarly the 2-2 division of the

internal vobdde grehd9/idet&Re®lonEA BRI hallihBlehdON MBY IO otairsed, e.g. 3-1 or

4-0, depending on requirenents. Considerable weight savings accrue fromthe
use of internal volumes 129/129A in conjunction with the hydraulic
accurmul ator 130. |If these volunes were not used, equival ent volunmes of

pressure-resi stan yl.i nders wouy be required ipnstead. Not .onl uld this
Dontri but 045 RESCONES SRHORF (I ECthdhPaY towtonutered 28, ssriing < Pieésent
sone problens as to where, physically, to |locate the cylinders. If the

cyli nders ®emponentsited on the barrel, this would increase the

out - of - bal ance and hence the el evating problens while | ocation on the
chassi s/ pl at f or malibfizemal ebmpopeste access to ot her conponents and may
require a larger (and hence heavier) chassis to be used. By using the

i nternal vol unes z124b28mpneBaRer s 119/ 119A there is little or no extra
wei ght penalty. The scantlings of nmenbers 119/ 119A can be cal cul ated by

t aki ng | oadi ngs _ sui 1 abl tress level for the material (including an
appropriate fact %39’3?“‘% rtdomgl?t fosT:

Referring to Figure 2, the horizontal component of the recoil is balanced by the
horizontal reaction 107 which is provided by the two spades 106 which engage in the
ground. Though no vertical component is generated when the howitzer is fired with the
barrel 101 in a horizontal orientation, as shown in Figure 2, the vertical component of
the recoil force (when the barrel 101 is elevated) is balanced by the vertical reaction
108B from the ground via the convex base into chassis 117. The turning moment 108T
is balanced by vertical reactions 108C on the feet 112 at the end of the rear trail legs 104,
plus the out-of-balance 109. Since the hydraulic dampers (not shown) are incorporated
into the hinges 104A, the howitzer will tend to attempt to rotate clockwise slightly as the

turning moment 108T is dissipated. Once the turning moment has been dissipated, the



1°'4 NOV ?002 21 safety) and evaluating the desired netal thickness Of1“@@\l 2002
desired tube dianeter. Then, fromtile range of standard thickness

avai lable in that dianeter, the next thickness greater than that eval uated
shoul d be chosen, giving a further safety margin. In this case, the stress
in the netal comes fromthe sumof the stress due to the | oading plus the
stress due to the internal pressure. Since the stress due to internal
pressure woul d probably be small conparéﬁ to the loadings) e.g. bending
forces, it is quite probable that no increase in wall thickness would be
required. ABOWZ MilhEQate Badranto ithtorward\feat il d h ugdartharffastiefithe eutdd ialpnedl t o
accommodate the | oad due to the net weight of the barrel, cradle, etc. It
must al so bm%?mﬁlﬂyﬁftmﬁwfﬁeéﬂbu & thesdromgt. the réaifaitllegt Q04 Wall thepsROIlEE! y
determ ned angle, e.g. to within seconds of arc. Clearly, if there were no

gas cylindeg,,: I j i t I e much
greater req%‘?’lﬁglﬁg&/ﬁgggs\q/’ggéég%r&efrg%gﬁ es&gnr#g%g@ Ogﬂﬂ%gﬁuﬁgﬁe%?wgquhi gh
ratio permts accuracy of angular adjustnment, it also involves nmany turns
on the hand#¥Bf- whi ch can be tinme-consunmi ng and unacceptable in a battle
situation. The solution to this problemis to provide gas-spring

count erbal ancing to nake the barrel, cradle, etc., effectively "weightless”
while providing a light, highly accurate danped el evati ng neans to give an

optim sed NRY dagipeRire inRoBoRYAL Qe BiRéd MDA TR LSRR BbRRLANCION: FRAOS has
been descri bed herei nbefore. The el evating nmechanismis shown in Figure 7.

Essential ly, ,.t. consi st f,alead screw 139.piyotally fixed .1ts right
hand end t SHEHUSE Gk et P rliveo (s A of (Parbiwe aki -
el'levati on gearbox 148 near its |lefthand end. The main el evati on gearbox 148
is fixed to™PA®-cradle 1 4 NOV 2002 22 119, 119A (the non-noving part of
the support for barrel 101 ), a resetter box 147 is pivoted at 147A to the
trunni on support structure |24 and the arrangenent is such that the |ead
screw 139 is parallel to the axis 101 A of the barrel 101 and is,

preferably, Thacatesle viged-bial JuppHelsprovilied thH Rady-&CfiRWnd 2& ol assRs, ilehr ough
a planetary roller screw 149 in the gearbox 148 so that, as roller screw

149 ot ates; .4 Genq9aERaKa 348 o3PYeRsRl 008k EAT RGRPNSIBohdh iEnd bioed | on

shown by the arrows wever, a e main el evation gearbox 148
The barr el TBITaHAEE) e 4 vaf (DARteY visdhokizaBal i vesh HiefyPadbin T e *°
angul ar recoil act to ‘lock’ them in their operative position. Any rotation of the howitzer due to

turning moment 108T would probably occur about an axis roughly through the pair of

hinges 104A. Because dampers are used in hinges 104A, their action will protect the

rear trail legs 104 from excessive loading so that the scantlings of legs 104 may be

minimised.

The importance of having spades 106 which are attached to the chassis 117 should not
be underestimated. The horizontal and vertical components of the recoil force are taken
directly via the trunnion support structure 124 and the chassis 117 to the ground as
reactions 107 and 108B, respectively. Thus, these recoil components pass through
robust structures directly to the ground. In contrast in the known field howitzers (Figure

1) the horizontal component of the recoil passes through long ‘resilient’ trail legs 4. The



‘noti-on occurs about the horizontal axis through the trunnion bearing 113
and about the pivot 147A to nmaintain the axis of barrel 101A parallel to
that of |ead screw 139. The neans of elevation is froman el evation
handwheel 115, via bevel gears 156, elevation hand/drive 116, bevel TedP¥2002
152, input shaft 153 and bevel gears 150 to a roller screw 149. Lead screw
139 is located, and shaft 153 rotates, in bearings 154. A reverse | ocking
mechani sm 151 operates on the shaft 15313 0 rmintain the el evation angl e
once preset. The right hand end of the |ead screw 139 is nmounted by a

flexibl e tikpteolfahe sirineansray 1n 8heps sibient trandegs 4y like asecopd resml pRdWE 8Bl k

| oadings after firing. Near the end of the |lead screw 139 is a screw
threaded poresuloi thaé thedhowhiheWitgertnioves violently idizin g figing O &K calitfast] ddchaeeil
secured. Thrust nut 142 bears on a spring 143, which is located at its

ot her end b AR

conpri ses aéﬁstga]’r3 ?Sg%qc# p"l"é@?tng was lttazgegOfltlhﬁgI rg%H?én?i%g p?%é@ésgégéﬁggyb%

term nates i raul.i c danper whjch conprises pi st (and/ or orifice)
145 in the ¥(C ﬁ%ﬁ@qlgﬁ%ﬂ’\ﬁﬁue&ﬁ m%reﬁableba*emwam@yasp Jeeree2b6%2408 £ | uj d
146A; Thus, by adjusting the stiffness of spring 143 and the size of
orifice l145uedo Vtareffechef thamming noimamact eri stics, the resetter gearbox 147
can be "tuned' to danmp out any novenent in the barrel 101 after firing and
si mul t aneously protect the elevating systemin general and the | ead screw
139 in particular. 1n an alternative enbodi ment frictional danping is used
in place of d i 4 .14 ) fire e r, the
el evation |Tslméé \%/Healﬁ %%ER%JC ]l}l%g}’]dlﬁ %f‘ hel‘fgseng vepH n|trﬂl@nsgf%ER(}flglhlteO%garreI
101 will recoi], and the el evati ng nass WI rock cau5| n the | ead screw 139
to move axiBgPYige hemanghonat F‘?s‘ﬁ@éft‘lfftsol Zﬁﬁ*@drlé% é‘thFE’rthﬁ&FPHdSZrCiﬂ‘?“ gepgratedauses
the spring 143 to conpress/relax until the action of danper 145, 146, 146A
stops t he rdweémekiovanbicldnwvapeisnthela@hoesumsste an isreffgctiedly Icemgaphdahyd t he
barrel elevation returns to that prior to firing. The discharge of a

how t zer ar}dsﬂlélﬁtfaﬁqg}gslwn@h@c[\(ﬂcglaeggn rocess but, by carefully directing
the recoil and allowng limted danpe freedom of novenent, these processes
can be controlled by relatively |ightweight nenbers corrpared to those
required in a rigid rmunting. Thus in the howi tzer described the

conmbi natio of a t wei ht da evati.on emc th. the
count er bal a %WSF E%yég%%?" egﬂ%edéaw%d‘t‘%%? ?rf)ﬁre“%?ﬁéw P Piddi d gear
arc, pinion and ear box design. Additionally, the lighter systemis found
to be nore a&él’f’&ﬂgt"é’:lgh*rﬁ?@l‘b’e%ﬁdﬁ%‘?fv'é‘lseﬁﬁ’ds pyRgoeRise the sarsideratieadygatagase

conferred by the out-of-balance, for example:-
a) the out-of-balance acts to oppose the recoil turning moment 108T;
b) the position of the trunnion bearing enables the vertical and the
horizontal recoil components to go straight to ground and this allows:-
i) the use of short light rear trail legs 104
ii) a small light trunnion support structure 124
iii)  asmall light chassis 117.
The net weight saving due to the above is found to far exceed the weight penalty

associated with the front stabilisers 110,

Referring to Figure 5 there is shown a cross-section through a cradle which supports the



The | owered trunni on hei ght and conseq~l ently reduced recoil overturning
nonment 108T permts a reduction in the size of the trunnion support
structure 124 on the chassis 117. Because of the way in which the forlcel0V 0
ane transmtted fromthe trunnion beamng 113 to 14 NO V 2002 24 the
ground, the traversing arrangenent (Figures 8 and 9) can be sinplified to a
smal |l training bearing 158, 159 at the &%ont, whi ch acts as a fulcrum and
a thrust bearing fixed arc 160 at the rear. The actual training gear 163 is
a small arc of r ring. This contrasts sharply with the ssive ring
beari ngs an@r%mﬁg@‘&rﬂ?ﬁ%@“ﬁﬁ%wa@r%‘dd@%& IS RIVOFRTY I{WBWLFdh’(?\‘RP‘[{E%V‘.‘““.‘%e new
desi gn al so provides a considerable saving of weight. Like the elevating
gear, the tbearinghip eaFigues@pdrantia) bhe eralrrdntiselbof foua hghaw itulgs ( hBandhown) .
Here agai n, because of the |lightweight of the trainable mass, a snaller,

l'i ghter geafigdXiocsedFE@IatiBAR ERh e b§ QRLEMdrRad 149 Hldd JBOVI heziiire] TOE
principle of the design is shown in Figures 8 (plan) and 9 (el evation). The
how t zer is. trainable about vertical .trajning.axis 157 vi.a,a rin e.g.
wth §aner aEanReen B ool Sty R B TARR Bl B i iR R 20 250
with the trunnion support structure 124. Upper 161 and | ower 162 thrust
bearings ar®81d§ri cpioied2bi Hembersilag dhe intemal wlemes af bolitvoiwbeadld and er s,
but any suitable type of bearing, or pad can be used. Rollers 162 support

the positi vEl9uire désigatainidd aadd 29 Aldspeaivih] Thes: vodasieslard gldangl ardaedtéd The
training gear arc 163 is machined onto the edge of the bearing arc 160 and

a training Q&AL Bhatishs Lo agih \: 9 dserd 6 T BEMInES "@bRhngh dri ve.
The roller racesC 161l an%&gGZ an??%gelsuf)?nlé%%lg1224{8§asrée/dng?‘ﬁloﬁrlgg?éte%bohpt e
trunni on support stru re . 124 though. t he actual nt i ans are not
shown to av%B%F"@SW;’ffgiclf%é o, Blaéfsaﬁggl]l.ntefﬂ@r‘éotlﬁrpgs gggl%ﬁg%ﬁgf HSBREUBS Ynhi ch
the ultra |ightweight how tzer can be converted into the towi ng node. In
one net hod, SIFRBT gennegkPnsEraYRANTavidehisoresstmemberg 186 ifirpeuitedr rel 101 whil e

| i ghtwei ght wheels 123 are | owered hydraulically about pivot 122 by neans

of hydraulic cylinders 120 (see Figure 3). The nen would thus be supporting
t he 1 4 NOV 2002 25 positive out-of-balance. The other nen of the team

woul d then Wheg thetdwit2er i Fiodd, tirkdRial hative rdidfedPendhiRall dndidy WigelS cakidds (104B)
and renove the spades 106 (166A) to be stowed on platfornfChassis 117. A

tow ng br acllﬁgsoaf-‘rgl fdletofrggo@i' a(?lfd rﬁ‘ode%ﬁitdl}ﬁba{lcﬁ&a}di f}orﬁ?g first to a second position.

The energy of the recoil is absorbed in several ways, of which the main ones are:-
i) by a muzzle brake 118 (Figure 4);
it) by a recoil buffer and recuperator system which will now be described,;

and

iit) through the spades 106 and trail legs 104.

Muzzle brakes 118 are known on many gun barrels. They consist of a series of angled
baffles, attached to the barrel, which deflect the exhaust gas rearward and so exert a
braking effect on the rearward motion of the barrel. Depending on the angle of the
baffles and other factors, the magnitude and efficiency of the braking action may be
varied. In this case the particular muzzle brake is chosen in such a way that, together

with the design of the recoil buffer and carriage geometry, the energy of the recoil is



depl oyed by swnging it forward about the hinge 138 and hooking it on to

the towing vehicle. (In Figure 2, the wheels 123 etc. have been omtted so
as not to obscure other detail.) The positive out-of balance resultidd NHol?
the location of the centre of gravity 109 places a dowward | oad, via the

| unette 137, onto the tow ng hook of the vehicle in conformty with safe
tow ng practice. The reduction of the barrel height 102 sonmewhat

conplicates the |oading arrangenents. However, one of the neatest solutions
is to place the |oading tray above the barrel 101. The position of a shell
121 i s showhssifatgliie (i) mobutcoeptablehanier. t metHioaohBgr, t“cayiage” tordd ng

| i nkages, as these woul d obscure other detail. The problemw th the known

[ nkages, st hes re other d e knc
ong 11 exi BVB e 1T GRS Rl ¥Ry Rad) BS, B PERTRARARE SO much

energy in the recoil node, to be released as a further subsequent reaction.
The net effect is that the whole ordnance "bounces" around violently. An
alternative to locating the spades adjacent to chassis 117 as in Figure 2
i s to securkhetknewnligcoll glystemd 0B R ratoilt hiffee amtba wtupehaint on ¢achsisls toff thelbagsl 104B
{see Figure 10 where the spades are denoted by reference nuneral 106A) and

to provide 13 dRyaRhd fcHBERLsy WHBOrCAND ilad BSthere Gy A taMAlef (R yARgra R Ston
(not shown) to allow the ordnarice |imted angul ar notion about hi nge 104A.

o chassi s 11 2p e R4 kRt lor. Inglefh Byt PN et Bk B sl 171

on to a leg fixture 170. The reference nuneral 172 indicates that the | egs
104B are néembipsigninto sipgle cyhinder, sodhgitthere fhenlyavarl afBvoeylingdersgy e a
systemis that, after recoil, the chassis 117 and the spades 106A wi ||

gent |y set teheh tideéf thabarrdl 181 gThiafiathef henthibutez anthelovelal meight 38ving bn thee

recoil would be spread over a |arger area of ground than that of two spades
106 situat eghgiehaditxeel y cl ose together. After several firings fromthe sane
spot, the spades 106 will dig deeply into the ground stopping the chassis
117 fromsettling down as firmy on the ground as desired. The spades 106A
elimnate this possibility. A further advantage of the spades 106A at the

end of traij,|legs, 104B is.that t enabl e mi.nor desi gn changes.to be nade
to the chas$fd il7°‘§1t%F|rngﬁr5‘§]’%3'Fflﬁ$¥r O%Fﬁthf’&ﬁ}étr(ﬁ%“% a\flﬁghe?ﬁaﬁ To¥ear i ng
113. This gives a further level of inprovenent to nany of the features

descri bed pésten mesdst bide forpe @istenssidgt intngdindeisnl 79r olpside $hea cylindses 1'6F agdvances

over the known field artillery. As
perforated sleeves 174 so that the motion of pistons 136 causes hydraulic fluid in the

central volume 173 of the cylinder to be forced, via the perforated sleeves 174, into
annuli 175 and thence, via pipes 185, 186 to an accumulator 130. The perforations in
the sleeves 174 are not uniform but decrease in number and/or size from left to right.
Thus, as the pistons 136 move to the right, the cross-sectional area of the perforatioﬁs
through which hydraulic fluid can flow is reduced and, hence, the resistance to the
rearward movement of the barrel 101 increases. By varying the size and/or number of
perforations, the recoil characteristics may be tailored to suit particular requirements.

The piston rods 134 pass though seals 135,

Inside the accumulator 130 is a floating piston 188 which has hydraulic fluid 187 on the

one side and inert gas 131 on the other. A pipe 189 connects the accumulator 130 with



w || have been apparent, a primary object of the present invention is to

save wei ght and so produce an ultra lightweight field howitzer. Though the
present invention has led to the introduction of sone additional 14 NOV 2002
conponents, e.g. front stabilisers 110, the net result is an ultra

i ghtweight field howtzer. Tn addition, a field howi tzer in accordance

with the present invention is nuch lower in height and is consequently much
easier to conceal on a battlefield. 118 N 0 V 2002 27 In the foregoing
description, reference has been nade to the use of Iight and strong

materi al s. s ofivhie Gurtthimidrananbst 1 BEhGRg$9A] du hacthasstalofoluvae af Sertigat ami um

and its alloys are extensively used wherever the stress |levels permt.

FUVthermrevh«:Q@ﬁ%ﬁ%Fs% Pid RAbAIASp&R01BPaRPPIS Al 100a50MRIAE 1hd BBLGRS and

strength, for exanple to design P gi ven conrponent fo per or nore

functions. Th ] .m has be 0 e a how t.zer  whi et her
LR onS . R i e BaSepiaByb St PGy R 4o goa bre i l(ﬁ

hel i copter, and this aimhas been achieved, smaller helicopters are al so
used on batthkepérédrated sithee hohiot the antdes tMtﬁsldtib@wed/é&thgrm@Sthsbﬁﬁanah@
qui ckly and easily into two or nore parts so that, separately, the

howi t zer, cgpl we@srﬂth@femzrrbicir%rth@mm@lmtbﬁleqaftah@doﬂayrets giehéeEas 131,
hellcopters or land vehicles. Howitzers that can be readily separated into

ar oo mumbers SrPRESTaHEFEPE BURRLOLH LBt ST PRI et BREF,

ship or an aircraft_than fully assenbl ed itens. An added feature of

howi t zers vifTRRRrGAit fb@"é’éb‘é@%ﬁ"@ﬂt by Pisiges 70, thsrREessHTedP theASBURWAE 138 ¢ hat
a failure in one part can be rectified by replacenent of the whole
conponent akelmawisrsgbstimgialygonstaroine to be returned to a workshop for repair.
There are two nai n occasions when it may be necessary to separate the
howi t zer into parts. The first is on the battlefield where speed woul d be
essential. In this case, the how tzer would be separated into the

"el evating éﬁthc%%iz&é t29fhe tpl? r}g:'lgé rfPf’c@ té){hetr%‘ﬁf] ?r{kgtihQ@regﬁﬂ‘é etc,

as shown in ure bar I ght eno arrlecfl by a
lorry or srrall h% i-el d helicopter, H;‘ eco aS] on coul d. be, when
the how ¢ >erlum? £74 4B opasaS e PRt THie Ty B aR PERRT AP Rl B30 scene
of possible Z 4 NO U 2002 28

square root of the pressure difference across it; thus if the pressure difference is doubled,

the fluid flow will increase by only 41%. Thus the recoil buffer action is to exert a high

and increasing braking effect on the rearward motion of the barrel 101 progressively

bringing it to a hait.

In contrast, the recuperator action is to advance the barrel back to the firing position at
a slow steady rate. This is achieved by using the relatively constant pressure difference
between that of the inert gas 131, 129 (or 129A) and that in volume 173. Despite the
smaller pressure difference, the fluid flows through the perforated sleeves 174 at an
appropriate rate to move the barrel 101 back to the firing position in time for the next
shot. Inert gas 131, 129 (or 129A) is precompressed to an appropriate pressure so that,
under all conditions except when recoiling, the barrel 101 is fully run out to its extended

position irrespective of the angle of elevation.



.conflict. Here, speed would not be as inportant as the density of packing.
In this case, other parts such as the stabilisers 110, the trail |egs 104B,
t he Wheel s 123, etc, nay be renoved. A further feature is a lunette ?[%7NUV 200
(Figure 4) which may be hinged vertically downwards and | ocked to fo

"l eg" to support the nuzzle end of barrel 101. This would greatly assi st
separation and reassenbly of the hovx,itzl s two main parts. It wll be
appreci ated by those skilled in the art'”that nodification can be nmade to
the how tzer described within the scope of the present invention. For
exanpl e, wHihough Hydriictacey maes T Hoan Higd dowiieisrarokneuRribe &5 @hieh i n
conbination result in a considerable reduction in weight, these features
coul d be usdditahaingast wlpmesi2e(a 120A¢ tb isgpplemeghioliirmel1d1 hawint thepresentl 4 N O
V 2002 29 CLAIMS A field howitzer conprising: a cradle; a barrel supported
by the cra%en%ﬁhls%nglaesasfnqwa%aqse@ésqn ibOByetail 4128 o BRSALD Rl BSecond

position as a consequence of recoll on fi r| ng a recoil systemto
absorb the ener re s the barre i splaced on firi

r ecuper at ol s&éﬁ&'@d}“éﬁﬁ }Hali REOViHies pifuee Vbeég té?"‘f‘gog‘i?%ug’ééﬁgé" gﬁsml on
to the first position; wherein the recoil buffer and recuperator systemare
i nt er connedarger vliwrhe Oihmsssalb@d et gam 131, 1@Adom29d)  thetecnparaot cliasactesietcst o
conpress gas in the recuperator systemand wherein the cradle is

construct edrd ystEr.hol | ow nenbers and the space inside said hollow nenbers is
used wholly, or in part, to provide the volune for conpressed gas in the

recuperator system 2. Afield howtzer according to Caim1l in which the
recoil buffer systemis a hydraulic system and is interconnect ed to the

reécuper at or s m.b draul i c_accunul at or. field howtzer

conpri si ng:# eéﬂ'g’:?g %O"f‘a%l%ﬁt@n °§ HCPEP OQ&‘B&S}‘ t‘@%lg’dﬁs thg dowiitgen adarggher ei n
the cradle is pivotally nmounted to the chassis by a trunnion bearing so
that the bawvt-ef-balanqgsi Vioa edniventwbalielevating géar onlyaverasd e esed tetaseani hgyvereans
for pivoting the barrel about said axis, said elevating nmeans being

assi st ed byheclerifel €8K etk dasitinybedr ebmpitidifg & padtLarc pistOnaid geatiem, fheeffohol | ow

menbers and the space inside said nenbers is used, wholly or in part, to
provi de 1t heeyifledMBod1@ eithle MRS 6HWIARE require an excessively higher ratio. In
either case, the gearing would be heavy and cumbersome in use. In order to minimise
this effort, elevating cylinders 114 filled with compressed inert gas are used to provide
a ‘counterbalancing’ effect. Here again the gas-spring principle is used with the volume
129/129A of the other two of members 119/119A, providing an increased gas volume.
By approximately pressurising the inert gas, the force exerted by the cylinders 114 may
be adjusted to be approximately equal to the out-of-balance of barrel 101 and related
equipment, e.g. 119, 119A, 130, etc. (A slight degree of under balance is preferred.)
Under these circumstances, the barre]l 101 may be elevated via a lightweight geared rack

(with an acceptable ratio) using a conventional handwheel as only a minimal effort

would be required.

As the angle of elevation of the barrel 101 increases, so the total volume inside the

cylinders 114 and members 119 (or 119A) will increase thus lowering the pressure and



1 4 NO V 2002 30 4. Afield howtzer conprising: a chassis; a cradle; a
‘barrel supported by the cradle such as to be displaceable froma first to a
second position as a consequence of recoil on firing; a trunnion supparNgy %0
structure secured to the chassis and including a trunnion bearing about

which the cradle is pivotally nmounted, wherein the trunnion bearing is
positioned at a point beyond the Ilnlt of maxi mumrecoil of the barrel. 5.

A field how tzer having the features of 28ny two of Clains 1, 3 and 4. 6. A
field howitzer having the features of Clains 1, 3 and 4. 7. Afield

howi t zer acdegrde nf cowntSibalaneidg.oHoGlesenrtlas wiill Gt dargels offsenbyldseliactethat e Cl ai m
3 wherein the barrel is pivotally nmounted so as to be out-of balance and

the degree efisins of the BRGE 101 QWiIdaM tBYndeQh&éBﬁﬂé%ﬁgﬁdu?%Q tosthe Wight gt to
substantlally count er bal ance the melght of the barrel due to its out-Q

bal ance. | one of Clainms 3, 6 or 7 when
dependent o% %’g{ﬁﬂgn%ereﬁﬁa ﬁg ! egﬂﬁﬁeﬁ@ea fans conprises a | ead screw and

aroll screw) the roll screw being fixed relative to the cradle but
rotatable such that rotation of the roll screw causes transl ationa
novenent of roll screw along the | ead screw causing the cradle to rotate

about the tntr miriddardxagpld esie dysceibed,ahe nglugRprnes of og duveupgpar hellowf t he
howtzer. 9. A field howitzer according to Claim8 wherein the | ead screw

is pivotall %eﬂﬂéfsdl 1|9 CPre used ift c@nﬁf?&ﬁni&ntﬁ Qflfnla%sqhﬁ%gﬁ \ﬁl}s%llﬁng ﬁ?@'ﬁ? +iethe

mounting. 10. A homntzer according to aim ereint exi bl e
nmounting conpris means .al i gne t of t he Iead screw
Tnd"a darmelVo i andinBhs 1 20 G Beg dsubiror B etol et TrBartaErméRts

moti on provided by the danper are adjustable to give a tunable system 11.
A field howhosen taetverthe hest line of egtion for vmweﬁSrﬂlﬂm thp barrg)/onedinassemhpr i ses a
plurality of spring washers and the danper is a hydraulic danper. 12. A
field how t Hetweaeg diislarghgemeanyapbe caitidrig actdtmcandthf parfidudar requitpnieitsng
spades for engaging with the ground; front stabilisers operable to support
the Similarly the 2-2 division of the internal volumes 129/129A of members 119/119A may

be varied, e.g. 3-1 or 4-0, depending on requirements.

Considerable weight savings accrue from the use of internal volumes 129/129A in
conjunction with the hydraulic accumulator 130. If these volumes were not used,
equivalent volumes of pressure-resistant cylinders would be required instead. Not only
would this contribute a weight penalty to the whole howitzer, it would also present some
problems as to where, physically, to locate the cylinders. If the cylinders were located
on the barrel, this would increase the out-of-balance and hence the elevating problems
while location on the chassis/platform 117 would impede access to other components

and may require a larger (and hence heavier) chassis to be used.

By using the internal volumes 129/129A of members 119/119A there is little or no extra
weight penalty. The scantlings of members 119/119A can be calculated by taking

loadings and a suitable stress level for the material (including an appropriate factor of



_howi-t zer when not being feed; and-rear trail support |egs operable to

spread the | oad of the howitzer over an area of ground and to assist with
the absorbing of recoil energy while providing overturning and |ateral NOV 202
stability. 13. Afield howitzer according to Claim 12 wherein the spades

are located at the ends of the rear trail support legs. 14. Afield

how t zer according to Caim12 wherein the spades are secured directly to
the chassis. 15. Afield howitzer according to any one of Clains 12 to 14
wherein the rear trail support |egs are hingedly nounted to the chassis and
hydraul i ¢ deafggl gnch@@luatmgmq\ﬂe@mdg mel gnckness/ofdbel degireddubendiameter.nghen,
attachnment points of the rear trail support legs to the chassis to assi st

W th the abgembhé@ngd offt@hild (RiOREEY availeble fh thaedismétertiezRkt BikAEdichdter0 any
one of Clainms 12 to 15 wherein the spades are renovable. 17. A field

howi t zer acgoy g d LR, @RY, RIES 8%5@n%9@£%%& Sr DB 0 SAEPRL"

structure i s secure assi ear|ng SO as to
be rotatable about a vertical axis) said training bearing conprising

central | ocHieshiy themetaheomenfram ths sppvef thasisss dig 1< thefoading plas thmswadﬁ@

chassis and a second bearing surface fast with the trunni on support and a
| ar ger di ametthe itthrak prebame.i 8mce dienstrbsaduatociatetiend prassurar wouldt probdbdy bent r al
|l ocating bearing. 18. A field howitzer according to Claim17 and further

conpri sing gndif &an\tla.%li o WKioMih g elg Sbén'airgz,?’g%ks,\i\é it Quie E@Bﬁblefthatt RE ifdiEddst

bearing arc. field how tzer “accor g to any preceding clalmand
brake attached to the barrel and a hi nged

further conpri nmuzzl
| unette att’&cvﬁagh&?c@?ﬁew%ﬂ&%f qé{Hf icent to the nuzzle brake to enable the
how t zer to be towed. 20. A field howitzer substantially as described and
as illustrated by way of reference to Figures 2, 3, 4 or 5 of the
acconpanyi ng drawi ngs. 21. A recoil buffer and recuperator systemfor a
field how t&semestioetidefdrelthyelasationlgedrifg fuM H2GRRIgRS wercomhedata it lasd
illustrated by way of reference to Figure 6 of the acconpanying
due to the net weight of the barrel, cradle, etc. It must also be accurate enough for
adjusting the barrel 101 to a precisely determined angle, e.g. to within seconds of arc.
Clearly, if there were no gas cylinder counterbalancing action, the load on the gearing
would be much greater requiring massive gear elements and/or a high ratio. While a

high ratio permits accuracy of angular adjustment, it also involves many turns on the

handwheel which can be time-consuming and unacceptable in a battle situation.

The solution to this problem is to provide gas-spring counterbalancing to make the
barrel, cradle, etc., effectively “weightless” while providing a light, highly accurate

damped elevating means to give an optimised new concept to elevation gearing.

The counterbalancing means has been described hereinbefore. The elevating mechanism
is shown in Figure 7. Essentially, it consists of a lead screw 139 pivotally fixed at its
right hand end to the trunnion support structure 124 and passing through main elevation

gearbox 148 near its lefthand end. The main elevation gearbox 148 is fixed to the cradle



drawi ngs. 22. A training nechanismfor a field howtzer substantially as
described and as illustrated by way of reference to Figures 7, 8 or 9 of

t he acconpanyi ng draw ngs. . AU . Afl.A9. A3. A9Al . Ash 4NUV
cAsU L AFy?H# A A A A AUL. A AA A& Al . A[AsA9ALA{AAsAAAsAALI A@Qz
. A. AL- D bs*9<ytni d_Y]c”a] ca] ca] ca] cMa] ca] c”a] ca] c”a] ca] cTa] ca] ca] ca] ca] ca] C
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] Cé\f‘U] cajcLa CD N EX_gn$Rx| N
T

oa oy onal S b e, o Rt oot /e afport for barrel 101 a ebeiter box 19718 ) "2
SVYhj DI LNX_p| wr | ga\ V] c] c*a] ca] c*a] ca] c”*a] ca] ca] c”a] ca] c*a] ca] ca] c™a] ca] c™a]
ca] c”a] ca] cpjvotedca]l ¢34 ¢cajhteajunajooa)paircatuctat ¢24 eml tha arrangement is such that

$5=h- 2nt uepvy~xsnhc” XS] ca] c*a] ca] ca] c*a] ca] ca] c”a] ca] ca] c*a] ca] c*a]ca]c”a]c
a] c"a] ca] CA%Q@lcP@Jr@wan@aﬁ %@ﬂaﬂ’élat]octﬁ]: %ﬁ‘llscqulacé‘ﬂ Gleac]aﬁ@i &1 and is, 8referabl
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LF movement in the barrel 101 after firing and simultaneously protect the elevating system

in general and the lead screw 139 in particular. In an alternative embodiment frictional

damping is used in place of hydraulic damper 145, 146, 146A.

Thus to fire the howitzer, the elevation is set via the elevation handwheel 115. After
firing, the barrel 101 will recoil and the elevating mass will rock causing the lead screw
139 to move axially 155 with respect to the resetter gearbox 147. This causes the spring
143 to compress/relax until the action of damper 145, 146, 146A stops the movement
and the spring 143 resumes its original length and the barrel elevation returns to that

prior to firing.

The discharge of a howitzer and its recoil is a violent process but, by carefully directing
the recoil and allowing limited damped freedom of movement, these processes can be
) controlled by relatively lightweight members compared to those required in a rigid
mounting. Thus in the howitzer described the combination of a lightweight dampéd
elevation system coupled with the counterbalanced system offers a net weight saving
over the known rigid gear arc, pinion and gearbox design. Additionally, the lighter

system is found to be more accurate, more responsive and physically easier to operate.

The lowered trunnion height and consequently reduced recoil overturning moment 108T
permits a reduction in the size of the trunnion support structure 124 on the chassis 117.

Because of the way in which the forces are transmitted from the trunnion bearing 113 to
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the elevating gear, the training gear is operated by a handwheel via gearing (not shown).

Here again, because of the lightweight of the trainable mass, a smaller, lighter gearbox

is used than for the conventional field howitzer.

The principle of the design is shown in Figures 8 (plan) and 9 (elevation). The howitzer
is trainable about vertical training axis 157 via a bearing, e.g. with inner race 158 fast
with chassis 117 and rotatable outer race 159 fast with the trunnion support structure
124. Upper 161 and lower 162 thrust bearings are pre-loaded onto bearing arc 160.
These are shown as rollers, but any suitable type of bearing, or pad can be used. Rollers
162 support the positive out-of-balance and rollers 151 are loaded during recoil. The
training gear arc 163 is machined onto the edge of the bearing arc 160 and a training gear
pinion 164 driven by shaft 165 provides the training drive. The roller races 161 and 162
and the pinion 164 are all mounted on the trunnion support structure 124 though the

actual mounting means are not shown to avoid confusing other detail.

There are various methods by which the ultra lightweight howitzer can be converted into
the towing mode. In one method, one or two men would support the end of the barrel
101 while lightweight wheels 123 are lowered hydraulically about pivot 122 by means

of hydraulic cylinders 120 (see Figure 3). The men would thus be supporting the
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positive out-of-balance. The other men of the team would then hinge up the front

stabilisers 110 and the trail legs 104 (104B) and remove the spades 106 (106A) to be

stowed on platform/chassis 117. A towing bracket in the form of a lunette 137 is then

deployed by swinging it forward about the hinge 138 and hooking it on to the towing

vehicle. (In Figure 2, the wheels 123 etc. have been omitted so as not to obscure other

detail.)

The positive out-of-balance resulting from the location of the centre of gravity 109
places a downward load, via the lunette 137, onto the towing hook of the vehicle in

conformity with safe towing practice.

The reduction of the barrel height 102 somewhat complicates the loading arrangements.
However, one of the neatest solutions is to place the loading tray above the barrel 101.
The position of a shell 121 is shown (Figure 2), but not that of the loading tray or loading

linkages, as these would obscure other detail.

The problem with the known howitzers in which the spades 6 (Figure 1) are attached ét
the ends of long flexible trail legs 4 is that the legs 4 are elastic and absorb much energy
in the recoil mode, to be released as a further subsequent reaction. The net effect is that
the whole ordnance “bounces” around violently. An alternative to locating the spades
adjacent to chassis 117 as in Figure 2 is to secure them by bolts 106B at the ends of
short, inelastic legs 104B (see Figure 10 where the spades are denoted by reference
numeral 106A) and to provide a hydraulic damper which comprises a cylinder 166 and

a piston (not shown) to allow the ordnance limited angular motion about hinge 104A.
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106A will gently settle back onto the ground. The horizontal element 107 of the recoil
would be spread over a larger area of ground than that of two spades 106 situated
relatively close together. After several firings from the same spot, the spades 106 will
dig deeply into the ground stopping the chassis 117 from settling down as firmly on the

ground as desired. The spades 106A eliminate this possibility.

A further advantage of the spades 106A at the end of trail legs 104B is that they enable
minor design changes to be made to the chassis 117 giving a further slight lowering of
the trunnion bearing 113. This gives a further level of improvement to many of the

features described hereinbefore.

The present invention provides a number of advances over the known field artillery. As
will have been apparent, a primary object of the present invention is to save weight and
so produce an ultra lightweight field howitzer. Though the present invention has led to
the introduction of some additional components, e.g. front stabilisers 110, the net result
is an ultra lightweight field howitzer. In addition, a field howitzer in accordance with
the present invention is much lower in height and is consequently much easier to conceal

on a battlefield.
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can be applied to combine lightness and strength, for example to design a given

component to perform two or more functions.

Though the aim has been to produce a howitzer which, together with its crew and
ammunition, can be carried by a single battlefield helicopter, and this aim has been
achieved, smaller helicopters are also used on battlefields. The howitzer has thus been
designed to separate quickly and easily into two or more parts so that, separately, the
howitzer, crew and ammunition can also be carried by two smaller helicopters or land
vehicles. Howitzers that can be readily separated into components and reassembled on
a battlefield are much easier to transport in large numbers as the separate parts will pack
better into the hold of a ship or an aircraft than fully assembled items. An added feature
of howitzers which can be separated into two or more major components is that a failure
in one part can be rectified by replacement of the whole component allowing the faulty

one to be returned to a workshop for repair.

There are two main occasions when it may be necessary to separate the howitzer into
parts. The first is on the battlefield where speed would be essential. In this case, the
howitzer would be separated into the “elevating mass” and “carriage” by the removal of
the trunnion caps, etc, as shown in Figure 11. Each part would be light enough to be
carried by a lorry or small battlefield helicopter. The second occasion could be when the

howitzers are to be transported in large numbers from a base to a scene of possible
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@dEYNCOSS A further feature is a lunette 137 (Figure 4) which may be hinged vertically downwards

and locked to form a “leg” to support the muzzle end of barrel 101. This would greatly

assist separation and reassembly of the howitzer’s two main parts.

It will be appreciated by those skilled in the art that modification can be made to the
howitzer described within the scope of the present invention. For example, whilst the
howitzer described has a number of features which in combination result in a
considerable reduction in weight, these features could be used alone to provide a more

lightweight field howitzer.
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is displaced on firing; and a recuperator system to return the displaced barrel
from the second position to the first position; wherein the recoil buffer and
recuperator system are interconnected such that absorption of energy during
recoil is used to compress gas in the recuperator system and wherein the cradle
is constructed from hollow members and the space inside said hollow members
is used wholly, or in part, to provide the volume for compressed gas in the

recuperator system.

A field howitzer according to Claim 1 in which the recoil buffer system is a
hydraulic system and is interconnected to the recuperator system by a hydraulic

accumulator.,

A field howitzer comprising: a chassis; a cradle; a barrel supported by the cradle,
wherein the cradle is pivotally mounted to the chassis by a trunnion bearing so
that the barrel is pivotable about a horizontal axis and elevating means for
pivoting the barre] about said axis, said elevating means being assisted by
compressed gas; wherein the cradle is constructed from hollow members and the
space inside said members is used, wholly or in part, to provide the volume for

the compressed gas.
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109B&' ()-j xmbC 10G 4 &‘n{ﬁﬂ%‘r&e@ng alHddB which the cradle is pivotally mounted, wherein the

trunnion bearing is positioned at a point beyond the limit of maximum recoil of

the barrel.
5. A field howitzer having the features of any two of Claims 1, 3 and 4.
6. A field howitzer having the features of Claims 1, 3 and 4.
7. A field howitzer according to Claim 3 or Claim 6 or Claim 5 when dependent on

Claim 3 wherein the barrel is pivotally mounted so as to be out-of-balance and
the degree of assistance provided by the compressed gas is sufficient to

substantially counterbalance the weight of the barrel due to its out-qf-balance.

8. A field howitzer according to any one of Claims 3, 6 or 7 when dependent on
Claim 3 wherein the elevating means comprises a lead screw and a roll screw,
the roll screw being fixed relative to the cradle but rotatable such that rotation
of the roll screw causes translational movement of roll screw along the lead
screw causing the cradle to rotate about the trunnion bearing, thereby

elevating/depressing the barrel of the howitzer.

9. A field howitzer according to Claim § wherein the lead screw is pivotally fixed
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spring constant, pre-load and resistance to motion provided by the damper are

adjustable to give a tunable system.

11. A field howitzer according to Claim 10 wherein the spring means comprises a

plurality of spring washers and the damper is a hydraulic damper.

12. A field howitzer according to any preceding claim and further comprising
spades for engaging with the ground; front stabilisers operable to support the
howitzer when not being fired; and rear trail support legs operable to spread the
load of the howitzer over an area of ground and to assist with the absorbing of

recoil energy while providing overturning and lateral stability.

13. A field howitzer according to Claim 12 wherein the spades are located at the

ends of the rear trail support legs.

14. A field howitzer according to Claim 12 wherein the spades are secured directly

to the chassis.

15. A field howitzer according to any one of Claims 12 to 14 wherein the rear trail

support legs are hingedly mounted to the chassis and hydraulic dampers are
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17. A field howitzer according to any preceding claim wherein the trunnion support
structure 1s secured on the chassis by means of a training bearing so as to be
rotatable about a vertical axis, said training bearing comprising a central locating
bearing having a first bearing surface fast with the chassis and a second bearing

surface fast with the trunnion support and a larger diameter thrust bearing

formed as a concentric arc with the central locating bearing.

18. A field howitzer according to Claim 17 and further comprising a training rack

which 1s integral with a part of the thrust bearing arc.
19. A field howitzer according to any preceding claim and further comprising a
muzzle brake attached to the barrel and a hinged lunette attached to the barrel

adjacent to the muzzle brake to enable the howitzer to be towed.

20. A field howitzer substantially as described and as illustrated by way of reference

to Figures 2, 3, 4 or 5 of the accompanying drawings.

21. A recoil buffer and recuperator system for a field howitzer substantially as
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described and as illustrated by way of reference to Figure 6 of the accompanying

drawings.

22. A training mechanism for a field howitzer substantially as described and as
illustrated by way of reference to Figures 7, 8 or 9 of the accompanying

drawings.



