Method for ensuring a predetermined muzzle velocity of an artillery
projectile and projectiles designed according to said method The present
invention relates to a method in firing artillery projectiles, such as various
WQBHS/H8ARIIs, from rifled barrels, for preventing the degreeP§TRAEAPITPEF145
the barrel from which the projectiles are fired from having a negative effect
on the muzzle velocity of the projectiles. The invention also encompasses
a number of artillery projectiles or shells designed according to said
method, and a method of manufacturing these. 15 Whenfiringwith
matRHeNnfinfti FRSRFERM P rEgenatsHm-ashy erets contarife of
bauels fraptivfiielrthe aympisdioilis firathdre spbieps da vbasheasy sieared
s and lng-hefpredhe barrelaardas reached a 20 level where the barrel
ought to be rejected (reject stage) this wear has a detrimental effect on
the muzzle velocity (Vo) of the projectiles fired from the barrel. The
problém REweRKnown Y6 ehgfieerssihahie fieldand thers afsiseveraf 1ring
differentimethodsraviailable tor 25sdefermming theobarrekwear. Atcerding s,
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10 dete?n\t’r}gd in m|II| eg ove nds of thega rel riflin grEat a poméZ%rom
mnY forwar %??ﬁ riginOf t?l. g”iﬁa%% A Wt riftire

coripiehegsa negatlve effect on the muzzle velocity of the
projectiles. The invention also encompasses a number of
artillery projectiles or shells designed according to
said method, and a method of manufacturing these.
15
When firing with modern ammunition containing
propellant with a high energy content, the barrels from
which the ammunition is fired are subject to very heavy
wear, and long before the barrel wear has reached a
20 level where the barrel ought to be rejected (reject
stage) this wear has a detrimental effect on the muzzle
velocity (Vo) of the projectiles fired from the barrel.
The problem is well-known tc engineers in the field and
there are several different methods available for
25 determining the barrel wear. According to one of these
methods Ad25, the increase in diameter due to wear 1s
determined in millimetres over the lands of the barrel
rifling at a point 25 mm forward of the origin of the
rifling, that is to say where the rifling commences,
30 whilst another, older method relies on determining
something called the “kontrisse displacement’”, which
involves determining the forward creep of the origin of
the rifling in the barrel resulting from wear. The
barrel lands are introduced with successively rising
35 end faces inclined in relation to the axis of the
barrel, and it is against these end faces that bands of
the projectiles or shells must be rammed home in the
actual loading operation, so that the bands in this so-

called ram-home position afford an effective propellant



30 whilst another, older method relies on determining something called
the "kontrisse displacement”, which involves determining the forward
creep of the origin of the rifling in the barrel resulting from wear. The barrel
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relation to the axis of the barrel, and’ it fs against these end faces that

bands, of theroigctiles orshells must e rammed hapedn the gglual  «pe
loading operation, so that the bands in this so- called ram-home position
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gas BbturatiotPorhard in tié bafrel. Wiksieihie préseifapt chargé bithe the
projediile is:then igailed, therpropellant gasgs thereky forned hehinddhe he
projectije ill,force the projeciile forwagds in.fhe 5 DATELUNDRr 1ang, the

simultaneous deformation of the band, the angular twijst of the barre] rifling

impAHIRG H rotatior fo th8 projetfile. FFESiventibharoading - ABRAEVEP dhe
actaleim-Homecposition ftieasoldcileslis primaiiydefiped by facdind,
othebthare 10 simphythe pesitian of theprigbnef thedeariel rifling, axd thishe
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position defines the position of the cartridge and hence of the projectile in
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the balFelYIn Stéh cBAfidde Ahmanition S tHePrdfettile®and e caffdgé !
caseidanitaihing ¥l Prépeliant ebargecare msfactacrally dnitedswitls dheed
anathet-updgdhe peint.of fiing, whem the.propellantrgases fermedby i tion
ignifjion of the propellant chagge force fhe proiectlg ut of the case, ILIS he

therefore 20 primarily the position of the case in the loading or chamber

positich §Fthie Bartél which RErmatly definedfid ovarairpesiforf B e =07
roufifi$n thed@eselaifd betdusethiscaserpasiionds protected Ffiorthe the

hot propellanirgasesdythe £adridge case itwililel 1y united with one
another up to the point of firing, when the propellant
gases formed by ignition of the propellant charge force
the projectile out of the case. It is therefore
primarily the position of the case  in the loading or
chamber position of the barrel which normally defines
the overall position of the round in the barrel and
because this case position is protected from the hot
propellant gases by the cartridge case it will be
subject to substantially less wear than the actual
barrel.

The aforementioned measuring methods for determining
the barrel wear therefore imply a determination of the
barrel wear which most rapidly affects the muzzle
velocity of the projectiles fired from the barrel,
namely that which occurs at the actual origin of the
rifling, that 1s to say in direct proximity to the ram-
home position of said projectiles in the barrel for
firing. Since the projectiles, as previously indicated,
are when firing normally always rammed home in the same
position in the barrel designed to bring the band of
the shell into ©proper contact against the barrel

rifling, that is to say the origin of the rifling, in a



25 subject to substantially less wear than the actual barrel. The
aforementioned measuring methods for determining the barrel wear
therefore imply a determination of the 30 barrel wear which most rapidly
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projectile, thereby resulting in a lower projectile
muzzle velocity than intended. This gas leakage will
obviously be sealed off as soon as the projectile
begins to move forwards and its band reaches the new
wear position for the origin of the rifling, but the
gas leakage will still be so great that in a Bofors 40
mm  automatic anti-aircraft gun using conventional
projectiles or shells a reduction in the muzzle
velocity Vo of approximately 3% or about 30 m/sec can
already be expected after 700 rounds, despite use of
the best possible wear protection additives of the
titanium dioxide type. For the same gun firing armour-
piercing shells, a 5% reduction in the Vo gives an 8%

lower armour penetration.

The present invention now affords a solution to this
problem in that it outlines a general principle for
maintaining the design muzzle velocity (Vo) of a new
barrel for a certain type of projectile or shell, even
in a worn barrel. The invention can then in turn be
divided wup dinto a number of different methods for
embodying this principle, some of which inherently
means that limited modifications will have to be made
to the projectiles or shells used in the application of
the invention. These modifications, however, are not so

comprehensive that they cannot be made both to existing



15 muzzle velocity than intended. This gas leakage will obviously be
sealed off as soon as the projectile begins to move forwards and its band
reaches the new wear position for the origin of the rifling, but the gas
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between the dfledipsideef the-barrel usae.in fising and the-shelkband on or

for a certain type of projectile or she

the projectile OLESS%?" E'}{U?i'@é{’nth,e fi‘?'hroe’ﬂ%Poé"'or%é” the bayrel Pin of
rendered indepen f the. e&eeo w irng.
1Othe rifling, that is to say where the barrel rifling

ento ear of the barrel used for

begins, must be rendered independent of the origin of
the rifling in the barrel, the position of which varies
according to the degree of Dbarrel wear, and the
obturation between the band of each projectile must

thereby be completely sound even in heavily worn
barrels.

A first method for fulfilling this basic principle
means that the ram-home position in the barrel of the
projectiles or shells used for firing is not fixed once
and for all at the time the barrel is manufactured, as
is normally the case, but 1is instead made to vary
according to the actual position of the origin of the
rifling in the barrel for each round fired. This means,
therefore, that the ram-home position for the shells or
projectiles 1is successively shifted forwards 1in the
barrel according to 1its degree of wear. In purely
practical terms this development of the invention means
that the shells or projectiles are rammed home to the
point of contact between the band of the projectile or
shell and the origin of +the rifling, which is
independent of the origin of the rifling in the barrel,

the position of which varies according to the degree of
barrel wear.



The basic principle behind the invention is therefore that the position of

the band of the projectiles or shells, used in firing, in relation to the origin

of the rifling, that is to say where the barrel rifling 15 begins, must be
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projectile must already form effective obturation
against the origin of the rifling before firing, whilst
the case position of the charge casing in the barrel
must be unchanged even in the case of a worn barrel. In
20 the case of worn barrels, therefore, both the
projectile and the cartridge case will already have
separated from ©one another before the cartridge
propellant was ignited. This is Dbecause, as stated
previously, any degree of wear caused by the position
25 of the «cartridge 1n the barrel 1is of far less
significance than the barrel wear and the axial creep

of the origin of the rifling that varies according to
this.

30 Effect can also be given to the basic idea behind the
invention by firing shells or projectiles provided with
slightly deformable bands, the position of which in a
longitudinal direction has been adjusted in order to
afford a perfect obturation against the origin of the

35 rifling, even in heavily worn barrels and where the
material of the band is so adjusted that when loading
in slightly worn barrels the band 1s sufficiently
deformed by the origin of the rifling to give the same

ram—-home position as in the case of the worn barrel.



ramming home, that is to say before its propellant charge has been
ignited, and the propellant charge is 10 prevented from escaping in the
barrel chamber position before it is ignited in that it comprises, for
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inv%%%%%Qxé@ng&?e%;OE@Q%SE%%% QMAg%dV@H% variant of the
invention above projectiles provided with a relatively
lightly deformed forward band adapted to heavily worn
barrels and a rear, more conventional band adapted to
slightly worn barrels are used for firing in both worn
and entirely new barrels. The idea behind this design
is that in slightly worn barrels the forward band, when
said projectile is actually rammed home, will Dbe
sufficiently deformed to allow the rear, more
conventional band to assume a correct position relative
to the origin of the rifling. Similarly, the forward

band will assume the initial, direct obturation

function in heavily worn barrels.

The next step in the development of the invention
involves providing the projectiles or shells used for
firing with bands which are displaceable 1in the
longitudinal direction of each shell and the position
of which in the longitudinal direction when ramming
home the projectile or the shell in the barrel from
which it is to be fired is adapted to a position that
varies according to the degree of Dbarrel wear. In
shells with displaceable bands, the bands are therefore
in the initial position in their longitudinally more
forward position, following which the degree of barrel
wear when ramming the shell home in the barrel adjusts
the position of the moveable band to the degree of wear
through direct contact between the moveable band and
the origin of the rifling. In the case of a new barrel,
therefore, the resistance of the Dband against the

origin of the rifling will shift the band towards its



slightly deformable bands, the position of which in a longitudinal direction
has been adjusted in order to afford a perfect obturation against the origin
of the 35 rifling, even in heavily worn barrels and where the material of the
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ﬁ%&@%ﬁ@qﬁQ & within a limited range in the longitudinal
direction of the projectile. One of these two bands,
therefore, the forward, displaceable band, will in its
forward position serve for an adjustment to heavily
worn barrels, whilst in its rear position together with
the other band, the fixed band, it is adapted to less
worn barrels.

This projectile variant having a displaceable forward
band and a fixed rear band can then in turn be
augmented by a ductile, that is to say plastically
deformable, intermediate part, which whilst limiting
the displacement of the movable band in slightly worn
barrels also gives rise to an improved propellant gas
obturation against the inside of the barrel. In a
heavily worn barrel the ductile intermediate part at
the same time ensures that the forward displaceable
band maintains an obturation position as far forward as
possible against the origin of the rifling. The ductile
intermediate part might in turn be composed of a

deformable copper or copper-nickel alloy or a heat-
resistant plastic.

According to yet another variant of the invention, the
band of the projectile or shell is given an entirely

new design with a lip seal, which is angled rearwards



longitudinal direction of each shell and the position of which in the
longitudinal direction when ramming home the projectile or the shell in the
barrel from which it is to be fired is adapted to a position that 2r varies
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regargless of the bacrelwearn, A @mqﬁgﬁveleﬁgweg;gme_ projectiles with
10 displaceable band further means that their band is divided up into at

10 |caSt-i GRfereAthAAES, at-felst ShEOFWRER "drtariged HdS&st tothe The
fromtrenick of theeprofdetilenerstetbin itsiripgrdirection dsatispladedsieing a
withinga lignited, rangeiisrtheslengitidinah 15-dieactionds therprojectilerOneng
of these two hands, thereface, thefaryard,displaceaple band, yillin{ts o

forward position sérve for_ an adjustment to heavily worn barrels, whilst in
s f58F PobRionidgbther WR thEtHEr BARE e Thed BERM, iF16 Heipted ™
15t0 |e84- 20woFA BakrelS Thishsrojedtite vagiant havihy a didplaceables  same
forwarebhanrd andw/fixed reas bangQan-thepda turfebe atgmented byce of
duc@k%thﬁéE%U)§9¥§@%%@@H¥l bands, in order to allow the
lands of the barrel rifling to impart the helical twist
of the rifling to the projectile in the form of its
20 rotation, in IJjust the same way as with conventional
bands. A ductile pure copper or a suitable copper alloy
having the same characteristics 1s proposed as a
suitable material for the aforementioned lip seal.
According to a further development of the invention,
25 the rear-facing flanges of said lip seal in the firing
direction of the projectile may be supported, for
example, by a tubular support member in the shape, for
example, of a deformable copper tube, which gives the
lip seal a greater deformability in that this tubular
30 component comprises an inner cavity giving 1t a

substantially greater deformation area.

All aspects of the invention have now been defined in
the following ©patent claims and will merely Dbe
35 described somewhat further with reference to the

drawings attached, in which

Fig. 1 shows a lateral projection of an artillery
projectile (shell)



25 deformable, intermediate part, which whilst limiting the displacement of
the movable band in slightly worn barrels also gives rise to an improved
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rear-fating flang8Wf Safl s sealinafie fiting siretfior of thelprajectie Fig.
may DC supportéd fordas@mplea by adtubsllaresupport member in the
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will merely be according to Fig. 7 loaded in a new barrel

Fig. 9%a shows a detail of a further variant of the
shell according to Fig. 7 loaded in a new
barrel

Fig. 9b shows the same variant as %a loaded in a worn
barrel

Fig. 10a in cross section shows the function of an
entirely new type of shell band in a new
barrel

Fig. 10b in cross section shows the fuhction, of the
band according to Fig. 10a in a worn barrel
and

Fig. 11 shows a partially sectional view of a shell
provided with a moveable band.

In the drawings discussed below, some different parts



35 described somewhat further with reference to the drawings attached, in
which -9 - Fig. 2shows a partially sectional detail of the parts of a
cartridge round that are of interest in the context of the invention, loaded

WEh240BdPAgPIntended for this 2a on a Iarge scale shows the riRGESE3a9T/0§0145

5

10

15

20

25

30

35

Fig. 2 where the barrel is new Fig. Zb 6f alarge scale shows the ringed

part gLE1Q, 2 whete, the barrehis heaylly worp Fig. 3on %A%@fc_ cale shows,
the same projection as in Fig. 2 aftér ramming home in & heavi y worn

barfd1F5§. 4¥htivs2EEGNVERtGRal Shell RATEompPafiesAETs. SRRBRES Shetl
witl: band shiftezsaccerding tessvarfant bé thedavention Fig.iéshowsa are

shelwith donblenhands-aecerding;le-a yaganhelthedpyertion big. seen of
75”9%?%599@“@@dg%%%%%%%e%%g% the respective figure.

These reference numerals common to all figures are:
shells 1 (these may accordingly be provided with
various types of bands),

2 denoting the front, pointed parts of the shells,

3 their middle banded parts and

4 theilr rear parts, which in the case of cartridge
ammunition are initially fixed 1in a respective
cartridge case up to the moment of firing, whilst

5 denotes parts of the barrels from which the shells 1
are intended to be fired, new barrels being denoted by
Sa and heavily worn barrels by 5b, and

forward parts of cartridge cases by 6, whilst

7a denotes the origin of the rifling in a new barrel
and 7b the origin of the rifling in a worn barrel and

8 denotes a gap between the respective band and the
inside of a worn barrel 5b. The firing direction of the

projectiles from the barrels has been dencted by an
arrow a.

The shell 1 illustrated in Fig. 1, 2, 2a and 2b is
provided with a conventional band 9. As can be seen
from Fig. 2a, this affords an effective obturation
against the origin of the rifling 7a in a new barrel
Sa. It can further be seen from Fig. 2b that when the
shell is rammed home in a worn barrel 5b, the band 9 of
the same shell 1 leaves a gap between the inside of the
barrel and the band 9, since the origin of the rifling
7o has shifted forward in the barrel due to wearing of
the barrel 5b.

Fig. 3 shows the result of ramming home a shell 1 in a
worn barrel  5b. The shell is provided with a

conventional band 10. As can be seen from the figure,



according to a variant of the invention Fig. 7ashows a detail of the shell
according to Fig. 7 loaded in a new barrel Fig. 7b shows a detail of the
shell according to Fig. 7 loaded in a worn barrel Fig. 8shows a detail of a
WOt %Phe shell according to Fig. 7 loaded in a nd/ 1R g145
9ashows a detail of a further variant of the shell according to Fig. 7 loaded

in a new barrgl shows.the same variant as 9ailgaded in, ayuern bajrel Kigre
10%|n cross section shows the funﬁon Of%l entlr%p( new Iyrpeb%fr:?r c-éh 5b,
band in'a rew barret Fog 10bin ‘cross 8&ction shows thé function; of

baﬁﬁléc@ﬁdlﬁé% ERjiscatinizewdrh bagrel &5d B 1sHowWs atb&ruéﬂygure
sectional view efra: shell proyidedanith a snoventehand.iWOa force so

5 20%71@—9@0@%@{%'58997%9%%41@eépBﬁ@f nemapny or allfighses apdder ¢

practical reasons these have been given the same reference numerals in,

aII RYurdS Fegdt GietB Gt the stRle Ygﬁ/hl%hgt‘ﬁ%? -ard Bfdwnih Thé Vafiods S
figures o Frowe merehedantise sden of Abie Pedtt ineUeBEdA froim thee origin

respective-figurel Thesereferenee namerats camewn tonalbfigures aserrel
sheélgulsgge% may. accordingly be provided with various types of bands),

10
The shell 1 shown in Fig. 4 is a wholly conventional
shell having a conventional band 11. In the figure the
part of the shell 1 which reoccurs with different band
shapes in Fig. 7-9 is marked by a dashed line.

15

Fig. 5 now illustrates the variant of the invention
which involves providing shells with a more forward
band 12, intended to function in both new and heavily
worn barrels (compare the position of the band 12 on
20 the shell 1 with the position of the band 11 on the
shell 1 in Fig. 4). The band 12 is therefore made from
an easily deformable material, such that when the shell
is rammed home in a new barrel it will be sufficiently
deformed to produce the same ram-home position in the
25 new Dbarrel as 1in the heavily worn barrel, where the
band, due to 1its relatively forward position, there

also affords perfect obturation against the origin of
the rifling.

30 Fig. 6 then in turn illustrates the variant of the
invention according to which the shells 1 are to be
provided both with a more forward, preferably somewhat
narrower and more easily deformable band 13 and an
entirely conventional band like the band 11 in Fig. 4.

35 According to this variant, therefore, the forward,
narrower band must only be resistant enough, when the
shell is rammed home in new, unworn barrels, for it to
be deformed to a degree sufficient to allow the ram-

home  position of the shell to remain constant
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10 2 denoting the front, pointed parts of the shells, 3 their middle banded
parts and 4 their rear parts, which in the case of cartridge ammunition are
initiallﬁ/ fixed in a respective cartridge case up to the moment of firing,
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Fig. 7a, the displaceable band 14 assumes 1its rearmost
position in the firing direction of the shell 1 when
the shell is rammed home in a new barrel 5a, since the
band 14 already affords obturation in this position. It
can further be seen from Fig. 7b that when the shell 1
is loaded in a heavily worn barrel 5b the band 14 is
forced to assume its most forward position in order to
afford the desired obturation against the inside of the
barrel 5b. The reference numeral 16 denotes a spline-
like guide, which ensures that the band does not begin
to slip in its groove in the circumferential surface of
the shell. Regardless of the design shape pf the band,
it is this which must ensure that the desired rotation
is imparted to the shell in its trajectory outside the
muzzle of the barrel.

Referring now to Fig. 8, this illustrates a further
variant of the shell 1 provided with both a forward,
moveable band 17 and a more conventional fixed rear
band 18. This variant has only been illustrated in a
heavily worn barrel. In a new, unworn barrel the

function will be as in Fig. 7a.



10 The shell 1 shown in Fig. 4 is a wholly conventional shell having a
conventional band 11. In the figure the part of the shell 1 which reoccurs
with different band shapes in Fig. 7-9 is marked by a dashed line. 15 Fig.
W N8 08trates the variant of the invention which involves Pr&(iBRq47/000145
shells with a more forward band 12 inténded to function in both new and

heavily wogn barrels (gpmpare,the position.of the band 12.qn 20 the shell. -
1 with the position of the band 11 on the shell 1 in Fig. A% The band 12 is d
thefeforé Tadefrom an RaRfly JErormMabI8 matéral, gff?: Cth&dthertthe 2"
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5 heullyworn barrel, where the bapd, due Ip ifs relatively forward positign,
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therefore, the forward, narrower band must only be resistant énough
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Fig. 10a and 10b further illustrate yet another
15 development of the invention, according to which the
outside diameter of the band 22 of the shell 1 has been
made adjustable to both new and worn barrels. According
to the invention this flexibility 1is achieved in that
the band is designed with a lip seal 23, which 1is
20 angled rearwards in the firing direction of the shell,
whilst the band is entirely made of a material which is
to some degree plastically deformable and sufficiently
ductile when fired through the barrel to allow the
lands of the barrel rifling to form grooves therein and
25 to give the shell the desired rotation in its
trajectory. As is shown in Fig. 10a, a shell 1 having a
band formed in this way will, when rammed home in a new
barrel 5a, assume the same ram-home position as when
the same shell is rammed home in a heavily worn barrel
30 5b (see Fig. 10b). This 1is because the lip seal 23
permits an adequate deformation of the band. As
support, the 1lip seal 23 on 1its inside has Dbeen
provided at its rear-facing edge in the firing
direction of the shell with an annular, ductile
35 compressible insert 24, which itself like the lip seal
is of annular shape and 1s pressed into an annular
groove 25 under the lip seal 23 of the actual band 22.
The fact that the annular insert 24 1is made from a

deformable material and alsoc has an internal cavity



- 12 - regardless of the degree of barrel wear. With the shell in the same
ram-home position in heavily worn barrels, therefore, the forward band
assumes the obturation function against the inside of the barrel. 5 Fig. 7
WQRHIA% R rther variant of the invention in which the band 1B YR&08HP14S
is made axially displaceable in the fonyftudinal direction of the shell, so
thag, it adjust both,to new. barrels_and barrels with a varyi
de%réeaeq%g; Wé'grg t\:The Tg%ge YV\\% in %v ?@h thl%e%ban%gﬂ hgi1 bgé%@r%éde YAk
axiafy Aipiadedblé #R8%een denoted by 15 in the drawing. In Fig. 7a and
7b the function of the displaceable band 15 14 has been illustrated in
more getailfor a nﬁﬁ&b@&relh@ @li;ﬂlglﬁlB%@V"i’ﬂNQchQﬁﬂQ!c5bi29\§d/§iﬂme a
seen from.Fig. 7a, the displaceable hand 14 assumes its rearmost
5 e e e i o g sl aple  band.
horhBdifi a mehPBarrel SRE EHFEE the 20 bahdi iR Riteady affordCobtérativR™t
in thisvpogitiom. .It can further be seen from Fig. 7h that when the shell 1 is
loaded in a heavily worn barrel 5b the band 14 is forced to assume its
most forward position in order to afford the desired obturation.against th
inside ot tgg Z%Ql?é:r?e?loéﬁ ﬁ?emrﬂe ere caerr?ulrﬁg#aﬁf 18 (le%nlootgg1 %%%%ﬁé-lﬁ(e i
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barﬁ%f’%&ﬁt@is%iﬁmyﬁ e@%%e tB:t %Q?S%%@hmtatmml% is gmparted an
to the shell in its _trajectory.outside the muzzle of the barrel. Referring,now.
to Iﬁéjcgrt%?gillutst?r% HiH ﬁj(arthéro\fénr?gnt 5 the Beel ﬁgﬁ%%idgé E\(/avfrithn%%ih a’
fonFarHRE: nfovERBRBaNd 7 antl afioie esmrdtiordl Thediear and e
1518. Jihis: variamt has only beerskistrated iivasheavilyowoirebarreihkn ashell
new,unwern bayrel thesfungtion malybe as in Eigarddn W&kplosive-filled
200,7/106Q009PCT/SE20071000145 - 13 - Fig and 9 int .
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moVedble Bafd BARCLS: ACRHIA bihd pdtt 31'fs theh difanyeditetivBEn 2209
moveable bahd parbl® afid the fired band paity20f This tirdoband pan,21in
20is made-fioma dygtilerplasticatiy:defosimable materialand ipduaion. The

function s to ensyre that e forward band part 13 aftards 4.5atisiaciaty: < on
garsﬁ-{ﬁht obturation against the inside of the barrel and through its I%Végd -
S
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regardlless ot iifecdegiee of e of the pafticulalbarfel (8at 5B)Ustecfor o
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25 positions.

The idea behind this wvariant of the invention 1is
therefore that, when the shell i1s rammed home 1in the
barrel, the worn position of the origin of the rifling
30 will force the band 33 Dback along the splined
grooves/the lands 34 to the ©position that Dbest

corresponds to the worn position of the barrel.

The fact that the band must be displaceable, but that a
35 certain limited resistance should be required for this

displacement, therefore represents an element of the
invention.

The shell 26 shown in Fig. 11 having a firing direction



it development of the invention, according to which the outside diameter of
the band 22 of the shell 1 has been made adjustable to both new and
worn barrels. According to the invention this flexibility is achieved in that
WORYAAEHE designed with a lip seal 23, which is 20 angled FaRREAYRP0145
the firing direction of the shell, whilst the band is entirely made of a
magerial which isd0 spme deqreeplasfically deformable and sufficieptly,
ductile when fired through the barrel to allow the lands of the barrel rifling
to foFTGrSOVERINERE andth give fieSsiell the et otation"its +°
trajectenye Astisshowarin FigelOzya shiell 1L handng esbarihformetdn thisbe
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ike. the lip seal is of annular.shape and is pressed into an annular. groov
s A T T 2h o 10 oA BV T o B PLHO0 Ene
L0insérafisThatRdrorfia déforniable natertdiSsind also has an internal
cavity WO 2007/106009PCT/SE2007/000145 - 14 - means that the lip
_Seaﬁr?@ h@%ﬂ@ﬁaﬁra_@@ﬁw@@for@ﬁtm@f@@&%ing QéfJ@eMi,mafeQXplpsive
inclyglesin order o lusigte g5 meiad of manyfagtying shell having.a,
moveable an%l‘. ‘?ﬁls a0 (?epresents a variant of the p?esent invention.
Fig~1 thérdore’shoWs s parfidiRFSectiohal Gietv 6fa 10SHENDe, WicH S
15assearledrom adordasd shelt half 27 Lwhicteisinternafly threadaedargg se
ahnOl:'@nip Mma§@@W§%ﬂeggtﬁebw}/ithweahﬁh?lhhaé&aa viara extetiald is
thr rmed.in, e : ar gbtyrator 31.i
fur'?h%grer%%rfg) g’%a% ué ) %)?%e %?oiﬁat%blétrvlcvg%%%hg gheéllllrl %gl%gs.ﬂ?ggetﬁgﬁ be
the BRRH HAEE 87 and 29'Ralé W'éGmmon explosive-filled interior space
32. The shell 26 is further provided with a moveable band 33. In the fitted
state the band is displaceable from an initially forward position, in 20
which it appears in the figure, to a rear position. The displacement of the
band in the longitudinal direction of the shell is limited by a stop edge 35.
The band 33 is furthermore guided, so that it cannot rotate, on splined
grooves/lands 34 between its respective limit 25 positions. The idea
behind this variant of the invention is therefore that, when the shell is
rammed home in the



barrel, the worn position of the origin of the rifling 30 will force the band 33
back along the sblined grooves/the lands 34 to the position that best
corresponds to the worn position of the barrel. The fact that the band must ‘
be displaceable, but that a certain limited resistance should be requiredM¢SLLP
for this displacement, therefore representan element of the invention.
WO 2007/106009PCT/SE2007/000145 - 15 - a is very easily assembled
in that it is made with a forward and rear half 27 and 29 respectively,
which are screwed together. The two shell halves can suitably be
protiucerbtramoderaiangomatic machines. When assembling 5 said shell,
the copper band 33 is pressed over the splined grooves/the lands 34 in
the shell half 29, following which the obturator 31 is fitted. and the.shel
hal%/és 2755 (23 aré" sc%gv%aqogaejfﬁéri%@’sh%ﬁ?g ﬁwcetnl?e%dy &‘?the% zom
exploBiveto PeYscied ire theP0sphes 3P HHER Mthgeia 188 FRe °F
genetat methathef predueing hantledhexplosive shells bystiewing twored
shell-garts ogether, inawhichhe band is figst pressed opta-one ob e shelt
halves, 15 Tepresents a digtnal simplfigation,ofdhg pthenuise complicatest
fitting of the ctuajr%)ahd. € method 1s therefore suitable foF all types of
sh&iRSthat&2% b Inandfactufedt in &vo hatfes. MesLEP 16 New Paterit™®
claime j edvetresd inrfirisigedrtiieryiprojecties (13 frébrfifiad barressbat 5o
]f_or ﬁf\@nﬂ ngthe tegege th\@f?@ricffltbﬁ@a('ﬂ froms, lyvmofh&\ehm@je_cﬂlesiay
ire aying a ative effect on-the muzzle city of the |
ch;ﬁ%%%gize %gtha?}% gr%%sition%f@ gwlelggnd (ég(i\é?lgé 13%4, %Q%ézﬁii
of ﬂﬁdﬁ%féﬁﬁ&toroﬁﬁeﬁgﬁ)f’ﬁ%fh fRihg Fierefatibh'dghe Rgin 6f the*
rifling g 7@ Hy)ethat i says Wheve tiefbatel rifflibgibeghds, tkepehabhtd
of theaorigin of the- tiflingtbe hadielgthespasition ef the otginef(ral 7har,
varies achardingtpdhe.degree of in fhat said band (9,10, 12713, 14, 21
po%g%q Si%gjusltgd allrgi%r{l%lgen Itl{?{na‘clhe longitudinal direction of
the shell according to the actual position of the

origin of the rifling (7a, 7b).

2. Method in firing artillery projectiles (1) £from
rifled barrels (5a, 5b) according to the method in
Claim 1 for preventing the degree of wear of the barrel
from which the projectile is fired from having a
negative effect on the muzzle velocity of the
projectile, characterized in that the projectile or the
shell (1) used when 1loading the barrel (5a, 5b) 1is
rammed home to a point of contact between the band (10)
of the projectile or the shell (1) and the origin of
the rifling (7a, 7b), which is independent of the
origin of the rifling in the barrel, the position of
which varies according to the degree of barrel wear.

3. Method according to Claim 2, characterized in that
when cartridge ammunition is used for loading the
barrel the projectile is rammed home with such force
that the projectile or the shell (1) is, 1if necessary,
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is rendered (7a, 7b) in the rifling barrel wear, 17, 19, 21) direction of the

shell according to the actual position of the origin of the rifling (7a, 7b).

2.Method in firing artillery projectiles (1) from rifled barrels (5a, 5b) MCSLLP
according to the method in Claim 1 for preventing the degree of wear of

the barrel from which the projectile is firkll from having a negative effect
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rifling in the barrel, the position of which varies according to the degree of
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Wéﬁ%%&%él f%?)lr%}v% ich t éep%rojnégtiIgﬁé%re%%fro%a%\?hg%ﬁaﬁvgr
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firiig,2shells Breprojectigs {trarecdsedwvhigh arérprovitied witmbandslinal
(12); therpasitionof whish i+ tielongitadisal directionof the projeetde peen
theghelbdd hasegn.adusiadio hedagiep ofbanel 1ease haLhean-

-home positign of the prqjectile or the shell in the barrel can be

ra .

maitafhed Uil rd r8§ar8 Ss BFthSGEdree of tvedrst the Batrel tba >

5bP&KRthotRaEccoHRlingadrCRimes chirabiaTRY iF fEaf Ry, of the

projectites: (bfarecuse bwhicheatesproyvided with=pforward band (13)

adjusted to heavily worn barrels (5b) and a rear band (11) adjusted to

S“qyﬂvaﬁggﬁ%gdgég%Eding to Claim 4, characterized in that
in firing, projectiles (1} are used which are provided
with a forward band (13) adjusted to heavily worn
barrels (5b) and a rear band (11l) adjusted to slightly
worn barrels (5a).

6. Method according to Claim 4, characterized in that
in firing, shells or projectiles (1) are used which are
provided with bands (14, 17, 19) which are displaceable
in their longitudinal direction and the position of
which in the longitudinal direction when each 1is
respectively rammed home is adjusted to a position that
varies according to the degree of wear of the barrel
(5a, 5b).

7. Method according to Claim 6, characterized in that
in firing, projectiles (1) are used which have a first
band (14, 17, 18) displaceable in the longitudinal
direction of the projectile or the shell and adjusted
to more or less worn barrels (5b), and a second rear
band (18, 20) fixed in the longitudinal direction of
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6. Method according to Claim 4, characterized in that in firing, shells or
projectiles (1) are used which are provided with bands (14, 17, 19) which
are displaceable in their longitudinal direction and the position of which in
the longitudinal direction when each is respectively rammed home is
adjusted to a position that varies accordl g to the degree of wear of the
battiet (56 SPyct iNMethed ageerding o Clalm & ehasaeierized ndbat iforn
firing,-projectiles (1) are used which have a first band (14, 17, 19)
displaceable in the longitudinal direction of the projectile or the shell and
adjusted to more or less worn barrels (5b), and a second rear band (18,
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pr il rthe shell (1) has been adjusted to the degree of barrel Wear '
so%ltﬁgrt%é% rAm- ﬁo‘r%e pos;?‘on of the'profictiie ?%e“%ﬁ@ll %ﬁhé%aaﬂrel gRf

beABhtaiféd un&ifsreBEdaidBsLSf thEegPddloPwedcabthe Barraband
(5d,180). 0. Erejettilecdrtsitalhél) attoedingdn GlaimPe chamictenzadin:
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Lhadzrizm@a@tor ahel(hlgé I%%@lv'@%th;a@t%e@f%wvzm@ ¥ rﬁw%&@fgl
e wor, and_a rear ban adjust |gt worn
ba\?rgel q:r ?Z)jeS%t%[}l?e ora%?l\ agc(grd'lzng o either oef' C?a tl ©

10°5hat|§%te?f'2§3]m tat Hag &wa@a mﬁﬁpath@amﬁaﬁafmnﬁt@)ed
dispracaable ssitscdwrtlongitstinmaldiretioneand thé posiiomatwhich iBa,
thestongitudinal direction when it is resoectively rammed home is adjusted
to a position that varies according to the decree of wear of the barrel (5a,

5b 12 Prerctn% og shell (1) cc%dlnglo any one of Claims 9to 11,
characterlzedj N tAAL It is Provi ith S firstBErY (49 7, 500) Clainm 9,

disphecbre F-FRondRudikBR8ire &y GFfFPeH?rOJ@étlle ohefd shélt andis
adjusted teemove. ohless Wormaadrels2(5h), @) a sedanrd seartand<isily

20y Bixed indhe longitudinal AMENRED SHEES, MCSYP)19 direction £f
the,proj %Q:ti?z oréhe sg ell 2 f adj gst)ed to less worn barrels 13. Projectile

or shel accordlng to Claim characterlzed in that it comprises a ductile
obturator ring or third ba nd (21) fitted between its own moveable band
(19)land thredfikedtidred (20). sie Projedtile ercshsitiib)gntendedfaher of

pedoening the methog aceaa:&a@&@iaiaal,ﬁhaﬁaﬁarizled indhat#dsideq

Proyided w&thlaéales%sté%{‘ee %%@ﬁ’iprﬂ‘éide withy lip S%% &'eag ich a{E its
angled r§arwards in th fi mg direction of the pI’OJE‘CtIe and are no too

hard'to bé %%%o?}hdefﬁfé Wt Baffeld Ut oRturdicfd@ing ™
the-itftial prrage Bidikmglin eavilgWom bairels (Sby. is respectively

rammed home is adjusted to a position that varies
according to the degree of wear of the barrel (5a, 5b).

12. Projectile or shell (1) according to any one of
Claims 9 to 11, characterized in that it is provided
with a first band (14, 17, 19) displaceable in the
longitudinal direction of the projectile or the shell
and adjusted to more or less worn barrels (5b), and a
second rear band (18, 20) fixed in the longitudinal
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15. Method for manufacturing banded shells (26) designed according to

any one of Claims 9 to 14, characterized in that the shells (26) are made =

in two halves (27 and 29), which are screwed together, the one MCSLLP
separately manufactured band (33) has pgen pressed over either of the

shell halves into its intended location formed directly adjoining the joint.

164Methed aecording o Claim 15 for manufagturing,shellshavingsatleast

one m \ées%bleoblgn oﬁrtpeltgpe defined in any one of claims 11 to 13,

charactérized in that thé band (33) that is intended to move is pressed

down over splined grooves/lands (34) formed in either of the shell halves

(27.6r. 29Ptooifstorivazd positiosirethe intendecsfinng ditection{a)of thé2,

sheh feliewing whirhithe ghell halves (g7 .and 29).argsorewed degethgtor

© ring or third band (21) fitted between its own moveable
band (19) and the fixed band (20).

14. Projectile or shell (1) intended for performing
the method according to Claim 1, characterized in that
it is provided with at least one band provided with lip
seals (23), which are angled rearwards in the firing
direction of the projectile and are not too hard to be
deformable in slightly worn Dbarrels but afford
obturation during the initial phase of firing in
heavily worn barrels (5b).

15. Method for manufacturing Dbanded shells (26)
designed according to any one of Claims 9 to 14,
characterized in that the shells (26) are made in two
halves (27 and 29), which are screwed together, the one
shell half (27) having a threaded joint part (30},
which in assembling is introduced into the other
internally threaded (28) shell half, once the
separately manufactured band (33) has been pressed over
either of the shell halves into its intended location
formed directly adijoining the joint.

16. Method according to Claim 15 for manufacturing
shells having at least one moveable band of the type
defined in any one of Claims 11 to 13, characterized in
that the band (33) that is intended to move is pressed
down over splined grooves/lands (34) formed in either
of the shell halves (27 or 29) to its forward position
in the intended firing direction (a) of the shell,
following which the shell halves (27 and 29) are
screwed together.
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