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(54) Title: MID-BODY OBTURATOR FOR A GUN-LAUNCHED PROJECTILE

(S7) Abstract: An obturator is provided for a projectile launched from a gun barrel. The projectile has a mid-body annular groove
that includes a shaped surface. The obturator includes an annular ring having an inner surface in contact with the shaped surface
< of the annular groove of the projectile. The annular ring further includes an outer surface. When the projectile is in the gun barrel,
the outer surface of the annular ring contacts an inner surface of a bore of the gun barrel. The radial distance between the inner
surface and the outer surface of the annular ring substantially equals or exceeds the radial distance between the shaped surface of the
annular groove and the inner surface of the bore of the gun barrel at at least one point when the projectile is positioned in the barrel.
B This feature restricts a flow of charge gases from an aft end of the projectile to a forward end of the projectile when the projectile is
launched from the gun barrel.
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| aunched fromthe gun barrel. CT 2003 WO 01/ 06201 PCTIUSCIYI?SOZ M D- BODY
OBTURATOR FOR A GUN- LAUNCHED PRQIECTI LE TECHNI CAL FI ELD OF THE Ugyna@@CN
This invention relates generally to gun-launched projectiles an

parti cul arYP 896201 d-pody obturator for a gun-launched pr dGRUSA0E73@
BACKGROUND OF THE | NVENTI ON When | aunchi ng projectiles out of |arge
mlitary guns or cannons, a typical |oading technique is to first ramthe
projectile into the breach of the gun, and then to rama 10 propelling
charge in a shell casing behind the projectile. The propelling charge is
typically positioned in the breach by a shell casing rimthat -is simlar
to the rimon a bulNER-BRPY rOBFHERAEEE RPRhAAGHNAUZUNCHEDI PROIBATI IS ger
than the dianeter of the breach and is prevented frombeing 15 inserted
into the barrel of the gun. Projectiles launched frommlitary guns are
typically rear obturated. The aft end of the projectile has a protruding
ring or fIange-@écﬂ@j@xiaﬁIgﬂ?lgg §QE°9#QF§§3§N or a rotating band. The
obturator has a draneter sma aneter of the breach, but

| arger than the di ahei®r bRvVeneiedrerelathe gaenduridy. The gunelasnthed
section of the Igpéj@(l_.t{i@g gﬁgl %ggyp%%t Lﬁ%ﬁ grd es n?:‘f? 1565 mgtgr yes
used to inpart spin on projectil ﬁll Ioadln OJeC F&°fs
ramred into thefmZSal tﬁ‘é'adqa‘ilhcheﬁaﬁﬁéﬂeﬁmllear to putting a bullet in a gun
chanber. gHowever, unlike a typical bullet, the projectile does not have a

cartridge rimto stop it (onI t he seoarate propel ling charge has a
cartridge rimny. BAGHKGRONI O NaLgN rear obturator is used to stop

the projectile once ynen launchlng projectiles out of large military guns

or cannons, a typical loading technique is to first ram the
| projectile into the breach of the gun, and then to ram a
10 propelling charge in a shell casing behind the projectile.
The propelling charge is typically positioned in the breach
by a shell casing rim that ‘is similar to the rim on a
bullet cartridge used with a handgun. This rim is larger
than the diameter of the breach and is prevented from being
15 inserted into the barrel of the gun.
Projectiles launched from military guns are typically
rear obturated. The aft end of the projectile has a
protruding ring or flange of material called an obturator
or a rotating band. The obturator has a diameter smaller
20 than the diameter of the breach, but larger than the
diameter of the bore of the gun barrel. The bore is the
section of the barrelvthat typically contains a series of
rifling grooves used to impart a spin on the projectile.
During loading, the projectile is rammed into the
25 breach in a manner similar to putting a bullet in a gun
chamber. However, unlike a typical bullet, the projectile
does not have a cartridge rim to stop it (only the separate
propelling charge has a cartridge rim). Therefore, the aft
end or rear obturator is used to stop the projectile once

30 it has traveled an appropriate distance into the barrel.



30 it has traveled an appropriate distance into the barrel, .0 2 OCT 2003
WD 01/ 06201 PCT/ USOQ' 17302 2 It Because the rear obturator ﬂﬂsﬂﬁ]’cﬂ(qggreter .
| arger than the bore dianmeter of the gun, the obturator is stopped during

| oadi ng ofo éia20ar oj ectile in an area of the gun barrel wheegnisagitzesi de
di ameter decreases fromthe breach 5 dianeter to the bore dianeter. This
area of inside dianeter change is called the forcing cone. Because the
obturator is located at the rear of the projectile, when the obturator
stops at the forcing cone, nost of the 2projectile is positioned in the
bore of the barrel. 10 Wen the propelling charge is ignited, the rear of
the projectile is forced into the bore of the gun barrel. The obturator,

which has a dsgaehee |-HotledNAbIlL BN L Lhaiafille, 9 Ju&edA0n CEhLUTC
into the rifling grooves. This extrusion elgs to preven e charge gases
created by t hBors Adameter oif e pwpel thegobhurgsotr dm fdypped pdsringe
projectile in chif 1480 oc‘?&q@. : L eyentj.ng e

bl owi ng by thébgraéflgct??efatéh 0 teqcra%fl(% Ygaualsrgsa;f- g &@;?%ggg sess?%érggllve
.the projectil whgge ofheheingddeat dinaespri ndlecrsassa y.from adehie i obreschce
the 20 gifling, S I r d%h' t hemgr Qov LITPAkt . LN
to the %)roj ectafiggle'teggi n?:?ea?ée]‘l | gét ?tllaégfelrtﬁr'. It Tﬁé ou geée %gt e ?Eg%
the term "rot 8ipAgtBanFhangsofi®encatigd theddanading deonee t Recarswi dhe

obturation (t UGty SLf | | s agp | ot g, L i
to 25 the pro?ggﬁ?lgg.tﬁTﬁeé ?Ieé%g%%t ?J{r:at? 131% %Fa\giecéaﬁléh%g?g ét%ﬁaé’de‘g%l(é:g

that only perFBensokterabotr AAtQRs f @tct FBA. LIHNERSr ,cIng, t Mogiur pdseshef C
EQ' ;Ogﬁpl i cat [oByebhe16eHY podatY e "1 VidHe Mo Mo €St OERET bglby (to refer &
10 When the propelling charge is ignited, the rear of the
projectile is forced into the bore of the gun barrel. The
obturator, which has a diameter larger than the bore of the
gun, is forced to extrude into the rifling grooves. This
extrusion helps to prevent the charge gases created by the
15 ignition of the propelling charge from flowing past the
projectile in the rifling grooves. By preventing the
charge gases from blowing by the projectile, the obturator
causes the charge gases to drive the projectile out of the
gun at the optimal velocity. In addition, since the
20 rifling grooves spiral down the barrel, the grooves impart c;
a spin to the projectile to increase flight stability. It
should be noted that the term "rotating band" is often used
to denote a device that provides obturation (the
obstruction of gas flow) as well as imparting a rotation to
25 the projectile. The term "obturator" typically refers to
a device that only performs the obturation function.
However, for the purposes of this application, the term
"obturator”" will be used generically to refer to both
rotating bands and obturators. '
30 Advanced projectiles ("smart" projectiles) are capable
of being fired from the same guns that are used to fire the
standard unguided projectiles described above. An example
of an unguided projectile is a standard artillery shell,



rotating bands and obturators. 30 Advanced projectileé ("smart"
projectiles) are capable of being fired fromthe sane gudetﬁﬁf 208 used
to fire the standard ungui ded projectiles described above. An exanple of

an ungui derbipetuiectile is a standard artillery shell, 02 CGedt2e6u317962
01/ 06201 PCTI USOQO 17302 3 which is basically a large bullet. On the other

hand, advanced projectiles have enhanced features such as electronic
gui dance and extended range rocket notors. For exanple, certain advanced
projectiles are |launched froma 5 gun usSing a propelling charge, but then
use a rocket motor and a guidance systemto propel themto a sel ected
target. These advanced projectiles nmust be designed to be | oaded and

fired in the game,oun bgsselslihata VRELgdehANRA [0 o 'End NBedeandadt,
ungui ded projectiles. However, advanced 10 projectiles are often | onger

than standar da@vapeeti | 8¥odestidest hdiave ncerar@ctonfrakimes | eurhi tasn,
In order to éP&é@f‘éﬁiEhguE%Hﬂ%eOBnad\éi%‘é%eﬁ Yefdd 5okt rr@é@éi%?' yI-F]Qf hin

rocket nmotor wall s use 3ecause of the increased length and the thin
rocket notor @KRTPle; gestandardviedwed BRI Fht bESi §rgséaumrhagFrom a

projectgles, &Lhe ﬁé&!ﬁéhap}??é%éi@%ngcfzﬁa&%@,WE%_ Rt RAY DG 111 sk youl d
buckl e t he af portion of the advanced projectile. An obturator or related

devi ce nust ben@dsadIvhdarder SYEEest 5p PREPERar§EHIR R SO TREISE t he

projectile. 2Q-dbi §ahREdOhiSddPOId ANkl e $8s£gRéaad¥vaneed oaded
projectiles due. to the sensjtivity of the guidance electronics. An
bl ow by coul dapdt EAEEsl |30 deBer samengupr BprEEe ] Fe'thapeyane| depigned to

Addi tional |y, £ -br ke k8afn@g¥@dunt0iabappibg eRiailea i | Gropar | ddvdasaeed
into the gun. 25 Traditionally, both of theSe functions have been perforned

10 projectiles are often longer than standard projectiles due

to their increased complexity. In addition, in order to

increase the range of advanced projectiles, a relatively

thin rocket motor wall is used. Because of the increased

length and the thin‘rocket motor wall, if a standard rear

15 obturator is used on such projectiles, the launch pressures

created when the charge is ignited would buckle the aft
portion of the advanced projectile.

An obturator or related device must be used in order

to stop the charge gases from blowing by the projectile.

20 This function is important in the case of advanced

projectiles due to the sensitivity of the guidance

electronics. Any blow-by could potentially destroy the

projectile's operability. Additionally, a brake is needed

to stop the projectile when it is rammed into the gun.

25 Traditionally, both of these functions have been performed

by the rear obturator or rotating band, as described above.

However, since the obturator cannot be located at the rear

of the projectile on an advanced projectile, the standard

rear obturator/rotating band design used with unguided

30 projectiles must be replaced by one or more components that

serve the functions of sealing the rifling grooves during

firing.



by the rear obturator or rotating band, as described above. However, since
the obturator cannot be |ocated at the rear of the projectf Qeﬂ@'ﬁ @03
advanced projectile, the standard rear obturator/rotati ng band design used
W th ungwwdedoi1 proj ectil es nmust be replaced by one or norecTos@An®t S
that serve the functions of sealing the rifling grooves during firing. O
2 OCT 2003 WD 01/06201 PCTI USOQ 17302 SUMVARY OF THE | NVENTI ON Accor di ngly,
a need has arisen for an obturator for wuse in conjunction with an advanced
gun-1 aunched projectile that functions o seal the rifling grooves of the
gun 5 during the launching of the projectile. The present invention

provi des a m d-body obturator for a gun-launched projectile that addresses
this need. Ac%ggﬂﬂgg%igggﬁﬂEeqﬁq@h&q&h of the present invention, an
obturator is p ofr a projeciilTe launched froma 10 gun barrel The
projectile has a m@cm§laﬁgulrara grers) eheRagnigan dear a2Bhaps¥Tateracior
The obturat or Fggg% t Agga

i n contact d% lﬁg%%f@ sur ngleﬂ})f%f rlagfufnnu | ar g?rjg'(%'{encg‘%g& profdiine
projectile. Tﬁéﬁ%mntﬁlwtrllqnf f 6ot hegal ndhdesiAh1ingr Frasvesir Pécet]tlﬁatgun
contacts an i nqgf; #rfa&e qfalﬁlc,kl@i'r% ofof NeH@UNLrB3EEEL 1WNeN thee Prijadddd e

IS in the gun barr The radi al st ance betmeen the i nner surfdace and
the outer surinkenbionrhpraWhdrsr ar Mig-SeEdt avtigatpedes & Guneddeddhed he

radi al distange &@?ﬂetbﬁaéhaaaqewefsa%fg g 20 annul ar groove and the
i nner surface of the bore of the gun barrel at, at |east one point when :
the projectile is %%@P%ﬁbﬂgdtpnOPﬁeeBQP@éWethP§ &g preseanst dinstentd anowy
of charge gasgs SpeHraPodl LseR-Rfiddie 5P &ChEbgetidel AR RLHee TRl

prOJectlle when the pro ectlle is launched from
10 gun barre The projectile has a mid- body annular groove

that includes a shaped surface. The obturator includes an
annular ring that has an inner surface that is in contact
with the shaped surface of the annular groove of the
projectile. The annular ring further includes an outer
15 surface that contacts an inner surface of a bore of the gun
barrel when the projectile is in the gun barrel. The
radial distance between the inner surface and the outer
surface of the annular ring substantially equals or exceeds
the radial distance between the shaped surface of the
20 annular groove and the inner surface of the bore of the gun (;;
barrel at at 1least one point when the projectile is
positioned in the barrel. This feature restricts a flow of
charge gases from an aft end of the projectile to a forward
end of the projectile when the projectile is launched from
25 the gun barrel.

According to another embodiment of the invention, a
projectile capable of being launched from a gun barrel
includes a payload segment located toward a forward end of
the projectile, and a propulsion segment coupled to the

30 payload segment and located toward an aft end of the
projectile. The projectile further includes an annular
groove that has a shaped surface. The annular groove is
located substantially at a mid-body 1location of the



25 the gun barrel. According to another enbodi nent of the invention, a
projectile capabl e of being | aunched froma gun barrel |Lgrc%l.mﬁs Zmapayl oad
segnent | ocated toward a forward end of the projectile, ul si on
segment SN o the 30 payl oad segment and | ocat ed towaPGT/éJﬁo% 302nd of
the projectile. The projectile further includes an annular groove that
has a shaped surface. The annular groove is |ocated substantially at a

m d-body | ocation of the WO 01/06201 5 ,9, 2 | 1003 PCTI USOQ 17302
projectile. The projectile also includes an obturator that has an annul ar
ring. An inner surface of the annular ring is in contact with the shaped
surface of the annul ar groove of the projectile. In addition, when the
projectile i sPFAIGsFedan (e gaeiestide adsoineiudest aveobturhsoannbatr

ring contacts i iamenmir{Ace &f. a Dor enQdrt Her f4e D3E rele am&'?a}hfln
projectile is | oaded, the radial” distance between the inner surface an
the outer surf&céfoFoRkacinmiltay thienghapess santasel 9fcgbal @n@ulemge@@ve he

radi al di stangg heiaegpoi@ g sShaped f appul r the
i nner surface of theﬁbgg’eég tese ggn Eag%lgﬁeogg a‘{lﬁﬁagggo eogé(;éi)cn

confi guPat i oniFésed dis whe | gWnobagkglge aFasayer omiaraafat eumaoanmhbar
projectile tOr@;ntQOE%'EQcQ'Ej &f ither RAiRAd I8 \ahsertehsf%ﬂég#ﬁ' saffel

| aunched fromthe % 15 barrel. Enbodi ments of the inventi provid
numer ous  t ec WieEal h&d@&rﬂlﬁésllq:oﬁfs AL, Fhﬁo’?@@ﬂommc%fbetﬁgn

invention, a ghe Badk OBLHERIQ ans RHRYided ! Bal-rabkoys +RE &foﬁ&f%
proj ectlle to be Iaunched froma gun or cannon 20 that is nornmally use to
fire standardsﬁﬁﬁﬁﬁ&&}a ly equals or exceeds the radial distance between

10 the shaped surface of the annular groove and the inner
' surface of the bore of the gun barrel at at least one
point. This configuration restricts a flow of charge gases
from an aft end of the projectile to a forward end of the
projectile when the projectile-is launched from the gun
15 barrel.

- Embodiments of the invention provide numerous
technical advantages. For example, in one embodiment of
the invention, a mid-body obturator is provided that allows
an advanced projectile to be launched from a gun or cannon

20 that is normally used to fire standard unguided
R projectiles. Obturators incorporating teachings of the
present invention operate to impede the flow of charge

gases past the projectile in the gun barrel, even though

the obturator may be positioned at a mid-body location on

25 the projectile. . Further technical advantages of the
present invention include the use of tabs disposed along

the outer surface of the obturator. The tabs are used to

engage and fill the rifling grooves when the projectile is
loaded. These tabs help to prevent the initial blow-by of

30 charge gases through the grooves when the propelling charge

is ignited.



projectiles. Cbturators incorporating teachings of the 3f§ @C?nﬁﬁ tion
operate to inpede the flow of charge gases past the proje I e gun
barrel, gh the obturator may be positioned at a nid-b | ocation
on 25 the gﬂg(ggﬁlle - Further technical advantages of the PSF@@@%YB°2

i nvention include the use of tabs disposed along the outer surface of the
obturator. The tabs are used to engage and fill the rifling grooves when
the projectile is |oaded. These tabs helgp to prevent the initial blow by
of 30 charge gases through the grooves mhen the propelling charge is
ignited. 2 OCT 2003 WD 01/06201 5 10 15 20 25 30 PCT/ US00/17302 O her
techni cal advant ages are readi |y apparent to one skilled in the art from
the fol l owi ng figur@sherqeechpicadnadvanbagedi ase ¥$GQF$Y4€PEﬁ§ﬂ§taCO one

cross-section gkiihedobtimat dhedf GrtFl CEREMAA cié CURR Bo$nd froffuMew
of a two-piece_ obturator |ncor oratlng t eachi ngs of the present invention;

BRI EF DESCRI PTHERFEFPFLRNERA nmore conpl ete understanding of the
present invention and the advantages thereof reference is now nmade to
the follow ng descriptions taken in connection with the acconpanyi ng

dr awi ngs® i n whERLEE FPESRRLPTION, OF THE DRANINGS, a gun-| aunched

For a more complete understanding of the present

invention and the advantages thereof, reference is now made
to the following descriptions taken in connection with the
accompanying drawings in which: | (T}
10 FIGURE 1 1is an illustration of a gun-launched
projectile incorporating teachings of the present
invention; '
FIGURE 2 is a cross-section 1llustrat1ng a gun barrel
used for launching the projectile of FIGURE 1;
15 FIGURE 3 is a cross-section of the gun barrel of
FIGURE 2, taken along line 3-3;
FIGURE 4A shows a front view of an obturator
incorporating teachings of the present invention; "
FIGURE 4B illustrates a side view of the obturator of
20 FIGURE 4A; | o
FIGURE 4C shows a cross-section of the obturator of (J
FIGURE 4A; .
FIGURE 5A is a front view of a two-piece obturator
incorporating teachings of the present invention;
25 FIGURE 5B shows a cross-section of the obturator of
"FIGURE 5A; _
FIGURE 6A illustrates a cross-section with portions
broken away of a first modification of the obturator of
FIGURE 54;
30 FIGURE 6B illustrates a cross-section with portions
broken away of a second modification of the obturator of
FIGURE SA;



projectile incorporating teachings of the present i nventlon EC 21is a
cross-section illustrating a gun barrel wused for Iaunchln Qh ﬁqﬁﬁéctlle
of FIGQURE 1; FIGURE 3 is a cross-section of the gun barrel of FlIGURE 2,

t aken al wagotldepm 3- 3; FI GURE 4A shows a front view of an ob&musbiwr73oz

I ncorporating teachings of the present invention;, FIGURE 4B illustrates a
side view of the obturator of FIGURE 4A; FIGURE 5B FI GURE 5A; FI GURE 6A
broken away of FIGURE 5A; FI GURE 6B broken away of FIGURE SA; shows a
cross-section of the obturator of illustrates a cross-section with portions
a first nodification of the obturator of illustrates a cross-section with
portions a second nodification of the obturator of DC! 2003 . WO 01/06201

PCTI USCO 17302 7 FREdBReSGd | 1 uBhsaleed G OSS688CE U Ry iRy t
broken away of a_third nodification ofethe ob t%rato?eg%8h Q%U %é¥§t$%ﬂRE

7A shows a frBEPKGReRWSTY yef andiihierd oBedifiertion r&forpbseatqugxrtae,tmm@s
of the presentigoggntaon; FI GURE 7B FI GURE 7A

FIGURE 7A shows a front view of yet another obturator
5 incorporating teachings of the present invention;

FIGURE 7B illustrates a side view of the obturator of

FIGURE 7A;
FIGURE 7C shows a cross-section of the obturator of

FIGURE 7A;
10 FIGURE 8A is an illustration of an obturator seat of

a projectile incorporating teachings of the present
invention;
FIGURE 8B is an illustration of another obturator seat
incorporating teachings of the present invention; i
15 FIGURE 9A shows the obturator of FIGURE S5A in cross-
section positioned in the obturator seat of FIGURE 8A; and
FIGURE 9B illustrates the obturator of FIGURE 5A in
phantom lines positioned in the obturator seat of FIGURE
8A. ' |
20
DETAILED DESCRIPTION OF THE I ON
Embodiments of the present invention and its
advantages are best understood by referring to FIGURES 1
through 9B of the drawings, like numerals being used for
25 like and corresponding parts of the various drawings.
FIGURE 1 illustrates a gun-launched projectile
incorporating teachings of the present invention. The
projectile 10 is an advanced or “smart" projectile that is
fired from a gun that traditionally fires standard unguided
30 projectiles. Examples of such guns are large naval and
artillery guns. Projectile 10 includes a propulsion
segment 12; typically a solid rocket motor. Once
projectile 10 is fired from a gun, propulsion segment 12



FIGQURE 7C FIGURE 7A; illustrates a side view of the obturapoz“ %t;]-rzp@;\/s a
cross-section of the obturator of 10 FIGURE 8A is an il l ust i n

obturatqr seat of a projectile incorporating teachings of the gresen
i nventi oN U 8URE 8B is an illustration of another obt ur af%HUSM4L7302

I ncorporating teachings of the present invention; 15 FI GURE 9A shows the
obturator of FIGURE 5A in cross- section positioned I n the obturator seat
of FIGURE 8A; and FIGURE 9B illustrateg the obturator of FIGURE 5A in

phantom | ines positioned in the obturator seat of FIGURE 8A. 20 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Enbodi nents of the present invention and its

advant ages are best understood_by referring to FIGJRES 1 through 9B of the
drawi ngs, |i KEIhtRRF al §CbePRGeUSEATLOr thes Buad aatd 16or e pdihth ngigrk¥ed

the various dfambegsy. Fl BB Lirdlwsddakas aap&!irtlépnﬁils&ieewnectrd Gs a
I ncor por ating teachlngs of the present_invention. The projectile 10 is an

advanced or ‘Rawkead p?%?@EPFIéﬁﬂuﬂP4¥9°4¢rﬁﬁgm?8ﬁ1é4g&ﬁCﬂMQ¢%rﬁhﬁt¢%%alIy

fires standargk églsxgysﬂsﬂ SPsPeRECEE | 4188 pEXPEBE €52 OF FRUCTLQUMS &F AP 883
naval and artil % uns. Projectile 10 i ncludes a propuIS|on segnent 12;
c

typically a stA9EERockbttYRicrllndBclydsised Plared ity At ST TR L RS
propul si on segesdmd 2o Ohdr Qalp2893v¥0410620L REl/1WaR0/ 17882 &1ly, the

payload segment also includes an electronics package for
controlling the guidance of the projectile 10. Projectile
10 has a tip 16 at its forward end and an aft closure 18 at (:
10 the aft end. Further, the projectile includes a plurality
of fins 20 used to guide and stabilize the projectile
(although not explicitly shown, fins may also be disposed
around payload segment 14). In addition, projectile 10
includes an obturator seat 22. Obturator seat 22 functions
15 to position an obturator (not explicitly shown in FIGURE
1). The function of the obturator and obturator seat 22
will described below. _
Due to the length and thin rocket motor walls of
advanced projectiles, a traditional rear obturator, as used
20 on shorter, unguided projedtiles that are fired from the
same type of gun, cannot be used. If projectile 10 was (x
rear obturated (meaning that the obturator is positioned at
or in close proximity to the aft end of the projectile),
the forces placed on the projectile when launched from the
25 gun would cause propulsion segment 12 to buckle. The
structure of propulsion segment 12 cannot be augmented to
overcome this problem because too much weight would be
added to the projectile.
However, if the obturator is moved near the middle of
30 projectile 10 to a "mid-body" position, the launch forces
applied to propulsion segment 12 are ©reduced by
approximately half. This is due to the fact that payload
segment 14 (or any structure that is forward of the



ignites to accelerate the projectile to the desired velocity. Al so,
included as a part of projectile 10 is a payload segnment 14 | oad
segnent 14 includes the non- propul sion systens of the proﬁé&&ﬁﬁgggmkw
exanpl e, W01/@s6ll 5 segnent 14 typically includes a plurali PcTafseo/17302
sub-nmunitions or sone other explosive device or devices. Typically, the
payl oad segnent al so includes an el ectronics package for controlling the
gui dance of the projectile 10. Projectile 10 has a tip 16 at its forward
end and an aft closure 18 at 10 the aft 2nd. Further, the projectile
includes a plurality of fins 20 used to guide and stabilize the projectile
(al though not explicitly shown, fins nmay al so be disposed around payl oad

segnent 14). bbtaddtbiron, H¥piELCtapproRimabelydenaaF Oy atmbageat yReie
Obt ur at or seat 22 }UDCtIOﬂS 15 to positjion an obturator (not exp1|C|té%?.

shown in Fl GURECPY}S1PRe SEIISTHN of2 t hPDHbt %t FEEMRF SR urafer tfat

wi |l describedbbakravorPuddaa-d hend egghbraRd1ENi N IO GkRE tiD Mol | Bopdes
advanced prOJggtlles, a trigltlonal rear .obturator, as used 20 on shorter,

ungui ded pr oj EBRFI &S] nAPPALEY iYRIPFPBILERE s SRENS e b? G¢ Iemeorlbe

used. 1§ projeehbieelQhads a raaidobbayat esr(1raBENG st higled.he dAIratoLad s
positioned at . or in close prgginity o the aft end of the projectile),
the forces pl 8BEHTBROEhESpH5eEt G vé?e‘???%tﬁfbi@f?ﬂ@o?ﬁqrheg%“%% e

cause propul sgeneseliipntcdmptosbuckle. Hhe 3 rvpEUNRRICHIGPULS ONhEreeHrent
12 cannot be gg mented.to oggrcone this probl em because too_nuch wei ght

woul d be addEBTE65t ARApFBEetRFFetRRbuElertePsil fcs ot Rl R iIRFIRIVEE Frear |
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applied to propul sion segnent, 1 e reduced by approximately half. This
is dueflcfo t he® EEPgFﬁat agayf"‘c}gcﬁD grreﬂFtTEaEB% at"n£ SVPBELBFe tPal iTear

forward of thebturator for use with advanced projectiles such as
projectile 10.

For the reasons described above, obturator seat 22 is

generally located near the middle of projectile 10.

15 However, there is no strict requirement that the obturator
be located at the exact center of projectile 10. All that
is required is that the obturator be positioned at
substantially a mid-body 1location to lower the launch
forces applied to propulsion segment 12. As will be

20 discussed below, this generally means that the obturator,
and thus obturator seat 22, is located at a point along
projectile 10 that wili be loaded into the bore of the gun
barrel. For this reason, the obturator cannot have a
larger'outer diameter than the bore of the barrel.

25 In order to further explain the configuration of the
obturator and obturator seat 22, reference is now made to
FIGURES 2 and 3. FIGURE 2 is an illustration of a gun
barrel for typically launching projectile 10. Included in
the barrel 110 are three primary sections: a breach 120, a

30 forcing cone 130, and a bore 140. Barrel 110 has three
distinct inner surfaces corresponding to these sections.
An inner surface 122 of breach 120 tapers slightly inward
from an aft end 114 to a forward end 124. An inner surface



WO 01/06201 9 a 2 T 2003 PCT/ US00/ 17302 obturator) bears approximately half

the load, while propul sion segnent 12 (or any structure aft gf tg
obturator) bears the other half. In addition, the forces 9 e@%%lled

t o propulwomosmgnent 12 are generally 5 tensi | e when a "mnt'lbosbo}wsoz
obturator is used. Wien a rear obturator is used, the forces on propul sion
segnent 12 are generally conpressive. Due to the reduction of |aunch
forces and the fact that the tensile strength of propulsion segnment 12 is
typically better than its conpressive 10t&trength, a "nmni d-body" obturator
IS superior to a rear obturator for use with advanced projectiles such as
projectile 10. For the reasons described above, obturator seat 22 is

general ly locajgsl nepr nhee Mgl e; 9f ProjLClidigchh bhdOWRMElardPEr£14 S

no strict requirement that the obturator. be | ocated at the exact center of

projectile 10.tRFPugRaut ithe chemgth iof (e BO%E obt Thet Giismepesi iforfdee at

substantially @r@aénbaéythecebwaraoehaw@whs havgeh ch@hC e AR ffbddr
propul sion segnent 12. As 20 di scussed below, this generally neans

that the obturbtdr, T%HﬁftﬂleBB?Er596ﬁa§éa@3§2°f|§°F6é§8€GQ§¢e%%Rn fprms

along p3oj ectalea%@rteaatcdmélub@tl eaelaéctat thla% RefeeLhe t DE2OWE L8l -
For this reason e obturator cannot have a | arger outer dianeter than

the bore of th%é%aﬁ?annQS FHréRGer 143 fr PREE #M-ai n the configuration of

the obturator and phtyrat ar SEAlstFatréefl 87 8P68sL8eb@WOIRUSE t BorEl QURES 2
and 3. FIGURE 2 is an_illustration of.c a gun_barrel for typically |aunching

projectile 10.FIFREdRd FAkePh&1oRT 4itEIG Hre t%%%?@nﬂ#&hééctqftﬁ\sbo%e O

breach 120, a 140 is a plurality of rifling grooves 146 formed in inner
10 surface 142. Rifling grooves 146 generally begin at the
point where forcing cone 130 ends and where bore 140
begins. Each rifling groove spirals along bore 140 at a
constant angle until reaching a forward end 116 of barrel
110. Rifling grooves 146 impart rotation to a projectile
15 after the charge has been fired and the projectile travels
along bore 140. Such rotation is needed to give unguided
projectiles stability in flight.

Referring now to FIGURES 2 and 3, when a rear
obturated projectile is loaded into barrel 110, the

20 ‘ projectile is first inserted into breach 120. The (::
projectile has a diameter less than, but substantially
equal to bore diameter 144. Therefore, the projectile
will travel along barrel 110 and into bore 140 until the
obturator reaches forcing cone 130. A typical rear
25 obturator has an outside diameter that is smaller than the
diameter of breach 120 at the forward end 124, but larger
than bore diameter 144. Therefore, when the obturator
enters forcing cone 130, the obturator will come into full
contact with inner surface 132 at a point where the inside
30 diameter of forcing cone 130 generally equals the outside
diameter of the obturator. ° At this point, the rear
obturator is prevented from moving forward, thus stopping

the projectile. Therefore, the first function of the rear



30 forcing cone 130, and a bore 140. Barrel 110 has three distinct inner
surfaces corresponding to these sections. An inner surface ﬁéﬁ&ﬁg Z(ﬂach
120 tapers slightly inward froman aft end 114 to a forward 24.7°A

i nner suwW@oroed®l 01/ 06201 PCTI USOQ 17302 10 142 of bore 14@cirasseé/1morni form
bore dianmeter 144 throughout the length of the bore. The dianeter of the
breach at the forward end 124 is larger than bore dianeter 144. Thus, an

i nner surface 132 of forcing cone 130 fornms 5 a tapered cone that connects

i nner surface 122 of breach 120 to innét surface 142 of bore 140. FlIGURE 3
Il lustrates a cross-section of bore 140 of FIGURE 2, taken along |ine

3-3.. Machined within the bore 140 is a plurality of rifling grooves 146

formed in innebtl@as¥f acs H2. aBf 1dN0a 9nemEhdl 4BrarBe @ | ¥ rRSQIHR a{;{xéhe
poi nt where forcing cqone 130 ends and where bore 140 beglns. Each riftling
groove spiral ®TRIERG WG XM GATRL LISt S BHYP eParei L4Peachi ng a forward

end 116 of barrel ohHs Hhéli @RQVRS H4S beRaAr tof on gt LP] eRLil e
15 after the charge has ,beenb?i%rjed and the projecti I% ravelasopg?lgng go%e

140. Such rot SPR3HS 4 SheRR/F &7 givee URgaRaRd 120r Sieddnd ehstrapieeyila.
flight. sRef er rheg gray & & £1 SURES theands Sreahey aic_?&@iingbﬁ:%atp%bﬁépifﬁéi le

Is | oaded into ,barrel 110, the, 20 projectile is first Tnserted i'nto breach

120. The proj EPAFPE -had FeFraPBMTaAtEEs ih&wPisinl BusRadet9hlmstakquarcho

bore di anet er a44opPear oI ldive Pt LTl i | 8 rabkl obtavalc ¥ Q!YE%/ bergs! pd 10
and into bore_140 until_ the obturatﬁé reaches faorcing cone 130. A typical
rear 25 obtur 4BBFifaEesh KRR GUlBPRABt Ao MAtalsl ieRREETERAR t IRBICH as

ditaneter of begaehob@ sAtot henkemspledsenedsl24, Thet di1dwess At Sases
di aneter 144. Therefore, when the Qbturator .
10 created by the ignition of the propelling charge creates
enough force to deform the rear obturator and force the aft
-end of the projectile into bore 140. As the obturator is
forced into bore 140, it is extruded into rifling grooves
146. The obturator serves two other functions at this
15 point. The first function is to impart a spin to the
projectile by following the spiraling configuration of
rifling grooves 146 as the projectile travels along bore
140. The other function is to at least partially block the
rifling grooves so that the charge gases are obstructed
20 from flowing past the projectile.

Referring now to FIGURES 1, 2 and 3 in combination, as
described above, a rear obturator cannot be used with
projectile 10. Instead, a "mid-body" obturator is utilized
to minimize the charge gases from traveling through rifling

25 grooves 146. However, when the projectile is loaded into
barrel 110, most of the projectile, including the obturator
seat 22 is positioned in bore 140 to enable loading of the
propelling charge in breach 120. Therefore, the obturator
generally cannot have an outer diameter larger than bore

30 diameter 144.

Because the outer diameter of the mid-body obturator
is smaller than bore diameter 144, and since the obturator

is positioned in bore 140 before firing, the mid-body



enters forcing cone 130, the obturator will come into full contact with

I nner surface 132 at a point where the inside 30 dianeter oug@p %mcone
130 general ly equals the outside dianeter of the obturator

poi nt tWQorlégr“l obturator is prevented from noving forwar ECTUS¥I BB ppi ng
the projectile. Therefore, the first function of the rear 0 2 OCT 2003 WO
01/ 06201 PCTI USOQO 17302 11 obturator is to act as a ranm ng brake to
prevent the projectile fromconpletely;gntering bore 140. Once the
projectile has been stopped, a propelllng charge is inserted into breach
120 behind the projectile. 5 The projectile is then fired by igniting the
propel l'i ng charge A rear obturator is typically made of nmetal, such as
copper or gi |RHEFAELE MY rBAF AR ueKLFUGRG aRSe ifkingi gEOSY e obt 6

sui tabl e non-yet&ahdh C HRL elisd sOfsugﬁeasfo{.ggﬁgDs&g or ghegmmpl agtigs,, The

fl ow of charge gases 10 created by th nition e pr opel |ng charg
creat es enm@ht‘-f%?‘é‘érto &@f(ﬂ#ﬁ@lﬁ%sﬁéala &ur a’%l@ﬁ ﬁhﬁcflép@e athestdrprinad
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it is extruded into Tifling grooves 6. The obturator serves t
functi ohs at WRER USLiRG| ¥ . " énF?FisPrPquld@ i s Td 9 rdparkecawps nStEIthéhe

projectile by;t:é & dovi 1@ Eﬁ?lé&li hAag &ﬂnéwee%h@esq{;ackatﬁle' egaeregﬁeée 146

as the projectil’e travel s ‘along Dore he other Tunctfon Is to at
| east parti al w%lbckiafnﬁ@edr.w. FRQYr BBHES™So herlt AR dReIRUPAsES aFke

obstructed 20n{¢ r%@{;se@eng RA%lrddi: {504 BCLbhe. oBeleatidig e dr? &GRS

1, 2 and 3 in co nati on, as described above, a rear obturat cannot be
used with prieg eesikianed| nidehedya omiRFBIREELI Mt ator is utilized to g~

m ni mgg the chargg. gasLSn§’ ARG F 4! IFIGUREPUAR -GS, 1 B obturator 210
incorporating teachings of the present invention 1is
illustrated in front, side, and cross-sectional views,

. respectively. Obturator 210 has a configuration to be
assembled around an associated projectile in an obturator
15 seat. The obturator has a main body 212 shaped as an
annular ring having an outer surface 214 and in inner
surface 216. A plurality of tabs 228, discussed below, are
positioned around outer surface 214.
Inner surface 216 has two distinct. surfaces. The
20 first such surface is a curved surface 218. Curved surface
218 forms an '"ogive" shape toward an aft end 224 .of (
obturator 210. The curved surface helps direct the charge
gases to expand or "inflate" the 6bturator when the
associated projectile is fired, as will be discussed in
25 greater detail in conjunction with FIGURES SA and 9B.
Inner surface 216 further includes a ramp surface 220.
Ramp surface 220 is configured to contact a ramp of the
associated obturator seat.
As described above, the portion of the projectile 10
30 containing the obturator 210 is disposed in the bore of the
barrel prior to firing. ' For this reason, the outer surface
of obturator 210 has a diameter that is less than or
generally equal to the bore diameter of the barrel.



25 grooves 146. However, when the projectile is |loaded into barrel 110,
nost of the projectile, including the obturator seat 22 isgpg%m Q08 in
bore 140 to enable | oading of the propelling charge in breach 120..

Ther ef or ¥OMWW2Ynt urat or general |y cannot have an outer dPEFEISEN1738F ger
than bore 30 dianeter 144. Because the outer dianmeter of the m d-body
obturator is smaller than bore dianeter 144, and since the obturator is
positioned in bore 140 before firing, t m d- body WO 01/ 06201 12 2003
PCTI USOCQ' 17302 obturator may not be extfided into rifling grooves 146

t hrough the use of the forcing cone, as wwth a rear obturator. As

di scussed. above, the function of stopping charge gas bl ow by through the
rifling groovéBtusatapordlsht iBchude sustalgs aR28d\eositti pned earicunnd Thitsed s
because such Leohisd e typic V. : CL.[-0MNi<GS ck t hat can be
easily danageguﬁgg?ﬁe%éét'rerrgﬁ eg%dtfn%a%%%g%g%g %ff {%1121 'gﬁ rgggﬁag%é iy
traditional reéerevsllyagseatest grhaannbe bHsgrepodiametrmxd ofdthedyyurmn and

projectile 10 I 4A, n urator 210
i ncor por at i nga]t:%g% i ngésu%?&,t ﬂgﬁégsgﬁgﬁ%nﬁéﬁi@ gl?%%ﬁé?r%?e 1§ PI%%nt |
side, anhd crobBeseethberaPivians, 228edse@angsial.lyOsauad: dro Al hasmser of

configuration.{g eRled a ociLated proj ile_in L
obturator 15 seatgegfhg%?btursgt.orF%gs%q}aszépmﬁébgég%%fl%sh%%éé gglearr%ﬂ ar
ring having 9reRYe? befpzee Rivingd Phthmaser 2l0f atePlfot Ahplver ald the of

tabs 228, di sgussededel QWr AT echgos%g'g@g%%earl%&fd_ oyt eErgﬁg_Eggsg é4i.rsela%ner

surface 216 has two distinct. surfa i rst such-sdr

curved surfacePumtexr veBozutfce reason, the tabs operate to seal the
10 grooves more quickly and completely than a traditional rear

obturator. This reduces or substantially eliminates the
amount of charge gases that reach the projectile's
sensitive electronic equipment.

‘ In order to assure a tight seal, the tabs have a width

15 and height approximately equal to the width and depth,
respectively, of the associated rifling grooves. In
addition, because the rifling grooves spiral around the
bore of the gun barrel at a constant angle, each tab 228
should be positioned on outer surface 214 at an angle 230

20 that is approximately equal to the spiral angle of the
rifling grooves around the bore.

- In one embodiment of the obturator there is included
features that assist in the loading of the projectile into
the gun. For instance, tabs 228 have an inclined forward

25 section 232 that helps to guide the tabs into. the
associated rifling grooves. 1In addition, since obturator
210 is typically fabricated from a flexible material, if
the tabs are not aligned with the rifling grooves when
obturator 210 initially enters the bore, the tabs and the
30 entire aft end 224 of the obturator are compressed inward.
As the projectile continues into the bore of the gun, the
tabs "pop" into the grooves when subsequently aligned. The
use of such "depressible" tabs allows the projectile to be



218 fornms an "ogive" shape toward an aft end 224 of obturator 210. The
curved surface helps direct the charge gases to expand or og ogrs@gét he
obturator when the associated projectile is fired, as wll sed.in
25 great eWQRHWRIL i n conjunction with FIl GURES 9A and 9B. | ROFUSSUITazE 216
further includes a ranp surface 220. Ranp surface 220 is configured to
contact a ranp of the associated obturator seat. As described above, the
portion of the projectile 10 30 containh g the obturator 210 is disposed
in the bore of the barrel prior to firi 8 For this reason, the outer
surface of obturator 210 has a diameter that is less than or generally
equal to the bore dianeter of the barrel. 0 2 OCT 2003 WD 01/ 06201
PCTI USOQ' 173021 43d6€lt umaicore 12 Oghimchadeslt ahshdd8 pegakidones @HoUpds 0L 8h
surface 214. Th? ﬁgter i aneter of all the tabs 228 is generally greater

a

than the bore GfafBBeF38f the gun, and are configured to fit into the
rifling grooves in rhe harterialThe matwmfidlis tuded 228 ﬁaibngﬁi‘@tféﬂd:yt@ﬂél%rt 0
t he nunber 5 fI|n rooves. Because the tabs fit |nto the rifl

grooves bef ore FEr af6FT218 FRBITEShA t oF HESE exttrfiﬁjéﬂa?%Fba% he

grooves %i ke amﬁéadwé(deerearw1@h@w§ﬁdﬂex&¥5méf&§m €858€lirekhe tBRS gun
operate to se t he, 10 _grooves nore |ck%épgnd gggpletel y than a
traditional reRfEr5bt uFafor FSRGHS & APRYSx e ke hat e21ghe
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equi pnent . ﬁader t.0 assyre a. tight seal, the a s have ,a wdth 15 and
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spiral fgound éggerlence below freezing temperatures during storage or

' when it is deployed in the field. Furthermore, when the

propulsion charge is ignited, there is an extreme build-up

of gas pressure against the obturator. Obturator 210 must

be constructed of a 'material or materials that _can

15 withstand this pressure. Finally, as described below in

conjunction with FIGURES 9A and 9B, the obturator

preferably expands during firing to £fill the rifling

grooves and any space between the projectile and the bore

of the gun. Such expansion requires that the obturator

20 material elongate one hundred to two hundred percent in
localized areas. {

The combination of extreme temperatures, high

'preséures, and the 1local elongation required of the

material eliminates the use of many materials. In a

25 particular embodiment of the present invention, obturator

210 is comprised of a combination of substances that form

a "composite" material which meets the above requirements.

The first substance used to fabricate this composite

material is an elastomeric material, such as a

30 perfuoroelstomer or silicone resin. These elastomeric

materials exhibit the required elongation and temperature

resistance, and do not become brittle or 1lose their

elongation properties at c¢old temperatures. These



bofe of the gun barrel at a constant angle, each tab 228 should be
.positioned on outer surface 214 at an angle 230 20 t hat isﬂﬁfaﬁﬁtiﬁﬁéely
"equal to the spiral angle of the rifling grooves around t ¥e 2 one
enbodinggé sp1€ obturator there is included features t [ in the
| oadi ng o o?ﬂ% projectile into the gun. For instance, téggﬁﬂgﬁﬁﬁﬁée an

i nclined forward 25 section 232 that helps to guide the tabs into the
associated rifling grooves. In addition, since obturator 210 is typically
fabricated froma flexible material, iI5 the tabs are not aligned with the
rifling grooves when obturator 210 initially enters the bore, the tabs and
the 30 entire aft end 224 of the obturator are conpressed inward. As the
projectile copiidiigsd NEQnt r h N, sthe ” " intko e
grooves when subsequgnt ynalr%lagér?e)dsa%:eﬁe Sgs}géloplytglchté@géfgggggl e‘sl’;'ta%‘rs}‘

al l ows the phgraedi Fort peydods of/ bEReIwall Gn exRsRCHIUSEE] 430 Deledzded
into the gunghgrrel whhh I r ositi t he, it4a; Th
material or mater?ars us%fto abgflggftglggégurat olféhez‘g%r’nugsfllﬁlebcz n<Cef n(% n
requi r enent s Pemifugroedist omeer fannot midthsi@angh| theo pressures created

t enper af ur es whEhe N ghar 18l 158RCheACh TREPEEBLE! CEhaked sIRLely . ght
hundr ed degrggs Fa1reﬁﬁéit, and gbturator 210 nust Be.gbﬁgEg?gg%%t sfﬁ%d
this tenperaf-® LWHgiaiR3gad ondiPyevane tharreinfereiegfmaragialnmust
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during stora%i or when it is deployed in the field. Furthernore, when the
propul sion c C§83Lte-ignited, there is an extrene build-up of gas pressure
g@al nst the obturReanfodltiingatthie 24915¥8h with short. fibers

10 will decrease the tear strength of the

obturator. On the other hand, continuous fibers such as

glass, carbon and aramid fibers alone may not have enough

elongation to allow the obturator to function. Specialized

fabrics may be used that are fabricated from continuous

15 fibers, but that still have the elongation properties

required of the obturator. Such fabrics include, but are

not limited to, knitted textiles, continuous strand mats,

and felt-type products of either glass or aramid fibers

g (sold under the trademark KEVLAR) . These fabrics are

-’ 20 commercially available, and exhibit the elongation and

temperature properties required of the obturator. These

fabrics alone do not have sufficient strength to withstand

the launch pressures, nor are they able to form an adequate

gas seal. However, when placed in combination with the

25 elastomeric material, the composite material that is formed

meets all of the strength, temperature and elongation
requirements. _

This composite material may be fabricated using common

methods of producing composite materials. Such methods

30 include, but are not limited to, transfer molding of the

elastomeric material onto a dry fiber pre-form, resin

transfer molding of the elastomeric material onto a dry

fiber pre-form, and a vacuum bag lay up using layers of the

AMENDED SHEET



be constructed of a -material or materials that can 15 withstand this .
pressure. Finally, as described belowin conjunction wt hP?Z@EiEﬁﬂ% and

9B, the r preferably expands during firing to fil] rifling
gr ooves Vgﬁtg%gﬁ{??space bet ween the projectile and the bore %%’;}g?f’é”a%. Such

expansion requires that the obturator 20 material elongate one hundred to
two hundred percent in |localized areas. The conbi nati on of extrene
tenperatures, high pressures, and theilgcal elongation required of the
material elimnates the use of many materials. In a 25 particular

enbodi nent of the present invention, obturator 210 is conprised of a

conbi nation substances that fqoQrm a "conposite" material which neets the
above requi rcegr’raebrﬁlsc. TRESFEPst sﬁb%tf an&& SUseB* o FREEPRALEES hi witbnpddia e
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01/062Q1 PCT/, | 117302 15 naterials can al so handle the hi npe
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10 jamming problems during loading of the projectile. The use
of composite méterial typically does not create such
problems. On the other hand, an all—compbsite obturator is
not as strong as a metal obturator, and has a greater
propensity to disintegrate prematurely in the gun barrel.
15 A two-part obturator that includes an all-composite
component and an additional metallic component may be used
to improve the overall strength of the obturator. Such a
configuration is described below. A
FIGURES 5A and 5B are schematic diagrams illustrating
20 front and cross-sectional views, respectively,Aof a two-
part obturator 310. Obturator 310 comprises a forward {;;
metallic portion 314 and an aft composite portion 312.
Forward portion 314 and aft portion 312 may be referred to
as forward annular ring and aft annular ring, respectively.
25 - In the illustrated embodiment, aft composite portion 312
comprises obturator 210, described above, made from
composite material. The use of aft composite portion 312
havihg tabs 228, ensures that the rifling grooves are
sealed when obturator 310 is initially contacted by the
30 charge gases. In addition, as described above, the tabs
typically do not create loading problems when fabricated
from a composite material. However, because the composite
material of aft composite portion 312 is brittle compared



obturator. On the other hand, continuous fibers such as glass, carbon and
aram d fibers alone may not have enough elongation to allqygtggf rat or
to function. Specialized fabrics nmay be used that are fabricated Trom
conti nuoY¥O#Y0e2hers  but that still have the el ongation pP&F&r§6083302
required of the obturator. Such fabrics include, but are not limted to,
knitted textiles, continuous strand mats, and felt-type products of either
glass or aranmid fibers (sold under the,tradenark KEVLAR). These fabrics
are 20 commercially avail able, and exhi%it the el ongation and tenperature
properties required of the obturator. These fabrics alone do not have
sufficient strength to withstand the |aunch pressures, nor are they able
to form an adéguad emefad ,sethergovever, mhesilplbiey ithaonbheat compwisthet he

25 el astoneri Jmaterial ,,s5Re gﬂ(rjgle .Oetr?graa{?%erﬂeaﬂox@attﬂé ?{gﬁggtg%ggg%g

of the strength, tenperature an n " Trequiremnent
materi al may B&avgBedc aned@deguas & siiahangrettionigl thedwen ngaroeposi Fer

materials. SughiPtfoLison 30 AL, nithi135R 3;9%%1 g Ito ©14 044 T808 Pheq.

mol di ng of the el astoneric nater onto a e -form resin
transfefP nol dF@gwerd: rort teRoPdid ctymiealdy cemprisks cbpper . preilding

and a vacuum R@Qa}l?%glgg alfé} ][Bgcbﬁé’é’eééit?;bi?er{l < NDEDASHER | 1J- 180 %—géggﬁ?ﬁ\o

01/ 06201 PCT/ USQ0 ric nmateria t are pre-inpreg
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ey ™SS LB 5h! Dectolle sating elrebbce b 2o Rurat ok
netal . Many nefFdes feerichdhenplt aporeiopr ésmiaimdrdng the blow-by of
y 10 charge gases.

Forward portion 314 is configured such that an aft
surface 316 of the forward portion abuts and conforms with
a forward surface 318 of aft portion 312. In addition, in
the illustrated configuration, ramp surface 220 of the aft

15 portion is generally continuous with a ramp surface 320 of
the forward portion. As with ramp surface 220, ramp
surface 320 is configured to conform with the ramp of the
obturator seat. Thebinteraction of ramp surface 320 and
the ramp will be discussed below in conjunction with

20 FIGURES SA and 9B. Furthermore, forward portion 314
includes an outer surface 322 that is generally continuéus
with outer surface 214 of aft portion 312. The forward
portion and the aft portion are interconnected using an
appropriate fastener or adhesive. 1In the alternative, both

25 portions are not connected, but are assembled adjacent to
ocne another in the obturator seat.

It should be understood that the aft portion of
obturator 310 may have alternate configurations. For
example, although the aft portion (and obturator 210) have

30 been illustrated and described as having an inside surface
comprising only a curved surface 218 and a ramp surface
220, the inside surface in an alternate configuration

includes a flat surface 219. Alternate configurations,



el ongati on properties discussed above, and are available for use to
construct obturator 210. However, it should be noted that fﬁi@rﬂﬁqﬁtm% t abs

228 from y create 10 jamm ng probl ens during | oadin he
ool Beflsbifann o

projectile. e use of conposite material typically does n

problens. On the other hand, an all-conposite obturator is not as strong
as a netal obturator, and has a greater propensity to disintegrate
prematurely in the gun barrel. 15 A two-pgrt obturator that includes an
all -conposite conponent and an additional netallic conmponent may be used
to inprove the overall strength of the obturator. Such a configurationis
descri bed bel ow. _FI GURES 5A and gB are_schematic diagranms_illustrating 20
“front and crosfEHAIMhF LR TRYEREE PP vBFR, 14l UustilARedhdn FAGURES GA-
310. Qoturatore@Bl1l0 conprises a forward netallic portion 314 and an aft

conposite portion 312, Forward portion 314 and aft Eort_i on 312 may be
referred to as foRRhFEHRAI BPYr FRg FHRVRRS Am(F ar Cherg, isedddustrated 25

I'n the illust aithambubi@ritonl t420MPeatbepBREkiitly 3k2adtlHYd S  the
obturator 210, descri bed above, nade from conposite material.” The use of

aft conpositeFSRSHn IRV eHAR g ¥abLTVE efdifies @B CFOSSa&atgonal

grooves are sgalwed Whespebturalgl 316btariatichi ally santasitbyed Nec3®e

charge gases. In additjon, as_described above, the tahs typically do not

create | oadin apri iq & iCaturator
&spﬁfﬁgﬁé#s FHRIAE PR | 23FRE1aFPEPECIEF5ILi® & indithe jokiturat

However, becagsati.he opmnstsr @averhas of mdinc | @2 PQYHA Y 342 iah
brittle conpared (ilz OCT 204 WD, 01/06201 PCT/US00/17302 17 to a netal,
there is a poliWlEh yTiRG RAELIRGnGTLi PHCSFat BLFERCRI 1414 3n6: 3R ad@ner 'S

bef or e 1tohe pr gheGladdee 4188. The inner surface 416 includes two distinct -
surfaces, aft surface 418 and ramp surface 420. The aft
surface starts at an aft end 424 of obturator 410 and
tapers inwardly. Although aft surface 418 is illustrated
as a linearly taﬁering surface, it may also comprise a
15 curved surface similar to curved surface 218 of obturator
210 (shown in FIGURE 4C). The aft surface directs the
charge gases created when the projectile is launched such
that the gases expand or "inflate" the obturator when the
projectile is fired. The inner surface further includes a
20 ramp surface 420 that generally extends to a forward end
426 of the obturator. The ramp surface 420 is configured (
to contact a ramp of the associated obturator seat.
Unlike obturators 210 and 310, obturator 410 does not
include tabs that engage the rifling grooves of the gun
25 barrel during loading. Therefore, in order to seal the
rifling grooves, obturator 410 is typically made from a
material that can be extruded by the launch forces into the
rifling grooves (as with forward metallic portion 314 of

obturator 310). This extrusion is accomplished by the
30 "inflation" of obturator as it is moved up a ramp of the
obturator seat during firing. Such inflation will be

described below in conjunction with FIGURES S9A and 9B. 1In
addition, the material from which obturator 410 is



travel ed an adequate di stance through the gun barrel. For this reason,

forward netallic portion 314 is utilized. 5 Forward porti on@%@?pﬁ@#l Iy
conpri ses, C , gilding netal, or any other suitable netal. W be
descri be 0088’? . the forward netallic portion is partial | JCEAISPULIZR i nto
the rifling grooves during firing of the projectile in order to aid the
aft portion in mnimzing the blowby of 10 charge gases. Forward portion
314 is configured such that an aft suFLfgace 316 of the forward portion
abuts and confornms with a forward surface 318 of aft portion 312. In
addition, in the illustrated configuration, ranp surface 220 of the aft 15
portion is generally continuous with a ranp surface 320 of the forward
portion. As @RPHiFafpdsumbate wRohstang thef gue2dd sandnftgupedatare

conformw t hoth8; of M}ﬁ:] t t e Lnteracti.on of ra
surface 320 and ltEﬁgnrsaer W I%egé?s%&gg%ﬁlé%gw %’lﬁ ggﬁjclﬂ‘&chﬁa%‘f © 20
FI GURES 9A ahd 9BdeRurtfememte, theseargpumement3il4 obtorades a1 Ouvell
surface 322 tHhgt ol a a LU Lt ter surface 214 of aft
portion 312. ggéc%%}\%g% .%%%‘flgg%;;gﬁd %" a tq‘Eg:;étli’on U ARt SORRSTectRd
using an apptbBingt @etadt.ener or adhesive. In the alternative, both 25
portions are not geARRE t._ar ed;.adj.acent _t one_anot her in
the obturator seat. Ptﬁ sﬁ%ﬁlggbea u%ﬁ@?@%ggé ﬁ%\% e % th(?r tl‘?%c?‘lj%cftl{e

obt urator 319h¢¥) HayeFAFVBEnd: ewdbhf inpirts | brokeForawaaxanpl e 1 laldtheargh t he

aft portion : r 0) ep_.LLIustrated and descrihed as
havi ng an i nﬁ%ﬂrgg%?agggeq%#ﬁri s?wﬁ{glg’o% (gleag%é#vg slgr a(,sgla?féfaﬁ‘fﬁ“glar%rrp
urface 220TeP¥e| nghas sdsf afeximedan igittcer reat e condfn gunatfare x| wskes a
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is located along the length of the projectile such that it
is positioned in the bore of the gun when the projectile is

' loaded into the barrel for firing. Therefore, an obturator
(excluding any tabs) positioned in seat 22 preferably does

15 not extend past surface 24 of the projectile. Thus, tﬁe.
depth of seat 22 is sized to accommodate the thickness of
the obturator. Likewise, the length of the obturator seat
should be at least as long as the longitudinal dimension of
the obturator. As will be discussed below in conjunction
20 with FIGURES 9A and 9B, seat 22 is preferably longer than

[ the longitudinal dimension of the obturator.

Obturator seat 22 has a curved surface 26 that forms
an ogive shape at an aft end 40. CurQed surface 26 extends
from outer surface 24 to a ramp 30. When projectile 10 is

25 fired from the gun barrel, the charge gases flow around the
projectile on outer surface 24. For reasons discussed
below in conjunction with FIGURES 9A and 9B, it is
desirable that the charge gases flow into and not over seat
22, However, when a gas flowing along a cylinder

30 encounters an abrupt change in the cylinder's surface, for.
example, a groove formed in the cylinder, the gas f£low has
a tendency to separate from the surface of the cylinder and

flow over the groove.



18 including flat surface 219, are illustrated in FfébRES 6A 6C. Referringu
now to FI GURES 7A-7C, there is illustrated another obt urm%r @ﬁo@
i ncorporating teachings of the 5 present invention in fro ezﬁand

cross-segbiodoglor Vi ews, respectively. Ooturator 410 is cong d%é@ﬂ %@
assenbl ed around an aSSOCIated projectile in the obturator ~sea turator

410 has a main body 412 shaped as an annular ring having an outer surface
414 and an inner 10 surface 416. The inner surface 416 includes two

di stinct surfaces, aft surface 418 ango anp surface 420. The aft surface
starts at an aft end 424 of obturator 410 and tapers inwardly. Although
aft surface 418 is illustrated as a linearly tapering surface, it nmay al so

conprise a 15 cur e I curved urf ce 218 of obtyrator

210 (shown in FI Gﬁ%}gft%%h ai‘r% %d;‘r%tg’ce aﬁrv < érgéh&ﬁg wePdat ed

when the projgestes e£631bwandiies surhe&ﬂnurﬂ&megaaﬁa &ﬂﬂﬂﬂdtﬁé'fl6wat€'

t he obturator d 'e i i red. _The jnner surface further

i ncl udes a 20 }9%% S&J%nace f?%ét%g’t gexﬁear’a??@tl&lfje TR PGP ar FUENEU26

of the obtur@mmfadHKQGenqmpmdéasea426n|Kanmmigmnm& tisutc oah@actugveady of

.the asgoci at r t.. _Unli t.ur.ators,210 and_31Q, obtura or 410
§ %ﬁc!:h%le}t gltfcllgui%%lon Qhat%hm?.lgl J.ze SIJ'SBIVgsp&FaFHgngm .

does not inc hat engagé eri
barr el dur|n@q(nﬂﬁhxFEﬂherbﬁoes@mpianqﬁnammthenlsﬁhéabéfMguhgﬁﬁ@yesf
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Pprtlon 31§ @Elowbturator 310) . ThIS extrusion is acconplished by the 30
o hal O of O s edcd BRI AL I Bl LRy OB AGR BEE, O

FIl GURES 9A aR® IBs |la linearly 1ncrea51ng diameter that forms a cone

extending from the curved surface. In the illustrated

embodiment, ramp 30 extends to a forward wall 32. The ramp

shown in FIGURE 8A has a generally smooth surface. 1In

. another embodiment, illustrated in FIGURE 8B, the surface

15 of the ramp has a series 6f serrations 34 that are inclined
towards forward wall 32. These serrations allow the
obturator to slide up ramp 30, but inhibit the obturator
from sliding back down the ramp. Such serrations 34, or

. other methods of preventing the obturator from sliding down

20 the ramp, are useful to counteract the force of friction
applied on the obturator by the bore of the gun barrel as (; 
the projectile travels along the bore. Such retraction by
the obturator down ramp 30 results in a degradation of the
seal that is formed by the obturator.

25 In another embodiment, the seat 22 includes a flat
surface (not explicitly shown). In such configurations,
the flat surface is an area of generally uniform diameter
between curved surface 26 and ramp 30. A flat surface is
included to conform with obturator configurations having a

30 flat surface (such as flat surface 219, illustrated in
FIGURES 6A-6C). The functions of curved surface 26, the
bottom surface, ramp 30, and forward wall 32, and the

interactions of these surfaces with the obturator disposed



addition, the material' fromwhich obturator 410 is WO 01/ 06201 PCT/ USO0

/17302 19 fabricated nust withstand the pressure and terrperﬂgr%g 2003
conditions found in the gun barrel, as described above. |n order to neet

t hese red0PE@M s, obturator 410 will typically be fabri ¢patratsoori®iha
metal, such as copper or 5 gilding netal. FIGURE 8A is a schematic diagram
of the projectile shown in FIGURE 1 with parts broken away to illustrate
obturator seat 22. Obturator seat 22 is a shaped annular groove that is
formed into an outer surface 24 of 10 pfdjectile 10. As discussed above,
the obturator seat 22 is located along the Iength of the projectile such
that it 1is positioned in the bore of the gun when the projectile is

| oaded into tha baatel2d oraférdngcubbeselior Gord Lt LBt Q4 ¢ H GXEhHE ST RNY
t abs) positionrelg 'bg seat 22 preferably does 15r?§r}t)t extenglpast sur a%le9§4
of the proj ecti'fe?®Thus, the depth of seat 22 is sized to accommpdate the

thickness of the Referatiog. nowew SEIGURES | £004H4a 06t he i@l L 3 $§a%
shoul d be at {gfgg@_é gs éonalda?1 t he Iﬁglgli tudi nal, di nension of the o%tura or.
As will be di B3 BRI 805 RBc ) SROMPoRCSA thPRs dFLOURES \Wmtenl 98at s2at
22 is pseferabfyFIGUREr shhanFIGURE OAgshydisN@hed ol NSia®,0f3 1d1€; @bt HLaL or .
bt urat or sea has_a curved surface 26 that forns an ogive shape at an

aft end 40. ?%é&"%u??a& 19Bg fBnbEe PPEHFEGOST S8altt % 2R F ECYRRPIBO.

When projectiikldftiat@s fibeedbftwratde ganpbantem Iitee§hanes g f{pw
around the p surface 24. Faqr reasons diScussed elow in

Leciile_on_outer di S _
conj unction V\AE F—‘#’Eﬂﬁé °FA SHRF 9B, éS’EuF%t"Heéilroatﬂse PRsitineedhdmye bjkes
flow into andnobtabiexesealo, Lbrikaeyer sewben2a gasnit ouing, akoRy Siter

cylindgg SO engoHnLers: £b A HPt Shands d 1ANe GY'Hde Satrface, for
with the outer surface 24 of projectile 10. Tabs 228
extend past outer surface 24 and into the rifling grooves
- of the gun barrel. | .

' When the propelling charge is ignited, the charge

15 gases flow rapidly up into the bore of the gun barrel. 1In
the bore of the gun, the chargé gases flow around outer
surface 24 and through the rifling grooves. When the
charge gases reach the obturator seat and the obturatc;r,

the curved surface 26 directs the charge gases into the

20 obturator seat. The charge gases then contact the aft
{ portion 312 of the obturator and the obturator is pushed
forward.  Aft portion 312 is in contact with forward
portion 314, and ramp surface 320 of forward portion 314 is
pushed up ramp 30 until the ‘forward portion contacts and

25 stops against forward wall 32. As obturator 310 moves up
ramp 30, both portions 312, 314 are forced to expand or
"inflate.® In addition, the charge gases also contact
curved surface 218 of aft portion 312 and are directed
inward, resulting in the further expansion of the aft

30 portion 312.

As the obturator expands, the tabs of aft composite

portion 312 are forced into the rifling grooves, thereby
prevénting most, if not all, of the charge gases from




exanple, a groove forned in the cylinder, the gas flow has a tendency to
‘separate fromthe surface of the cylinder and flow over t% g@@?;@ 12 T 2
003 WO 01/06201 PCT/ USCQO 17302 20 Due to the shape of the zv J Bsace
26, the fwWowimé20lgases follows the curved surface, and thusdrgsobhBeri s
directed into seat 22. In a particular enbodi nent, curved 'surface 26
conpri ses a von Karman curve, but any curve or 5 other configuration that

m nimzes flow separation nay al so be utilized. An exanpl e of another
surface is a area of linearly decreasi ¢ di aneter, sinilar to ranp 30,
descri bed below Curved surface 26 term nates at the ranp 30. The ranp 10
30 has a linearly increasing dianeter that forns a cone extending fromthe

curved surfacepadsindiechid lashnaditast . enpodd@@ttion, ade30oceshedda Eﬁrﬁﬁces

e v S LD A th e o G e B St ot enens s
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I anmet exp addition, if the composite material of aft portion 312
fails, the forward metal portion 314 will remain to at
least partially seal the grooves.

The constant outward pressure that is applied as
the obturator slides up ramp 30 also enables the use of

15 all-metal obturators, such as obturator 410 illustrated in
FIGURES 7A-7C, that do not include tabs. The main body of
such obturators is extruded into the rifling grooves by
this outward pressure, as with forward section 314 of
obturator 310. However, without the presence of the tabs,

20 the charge gases are initially allowed to pass .by the,
obturator until the metal is sufficiently extruded into the
rifling grooves. Although only a single configuration of .
obturator seat 22 corresponding to obturator 310 is
illustrated, it will be understood that the obturator seat

SRV

25 may be modified to conform with different types of
obturators without departing from the scope of the present
invention.

Furthermore, as stated above, the rifling grooves are

typically used to impart a spin to a unguided projectile.

30 This spin is usually imparted by extruding a rear obturator
that is mounted to the projectile into the rifling grooves.

The extruded obturator is spun as it travels through the
spiral rifling grooves of the bore. Because the rear

AMENDED SHEEY



bet ween curved surface 26 and ranp 30. A flat surface is included to

conformwi th obturator configurations having a 30 fl at surfa@i‘@#pﬂ!ﬂgs
flat surface 219, illustrated in FlIGJRES 6A-6C). The functi f ved

surface X0 0¥e601 bottom surface, ranp 30, and forward wal | pgdyusedTiche
interactions of these surfaces with the obturator disposed A Z OCT 2003 WO

01/ 06201 PCT/US00/ 17302 21 in seat 22, are discussed in conjunction with

FI GURES 9A and 9B. Referring now to FI GURES 9A and 9B, obturator 310 of
FI GURES 5A and 5B is shown positioned i B3obturator seat 22 5 of FIGURE 8A.
FI GURE 9A shows the obturator 310 in cross section positioned in the
obturator seat 22, and FIGURE 9B illustrates the obturator in phantom

| i nes positiobbduratorheigbt ieaheedsead. Qb ur ,_3#3] [ S itiqped in,
but not affixed tg, obturator seat 22. | nitiallﬂl;cys?j,rej S50t é&ﬁ?ﬁ% Brithcd®r14
of aft conposiFE3EGRE 0hC3150fs BERIESERY & ushSimidBrie obher wudfhody?24

of projectil eobOuriabss22F wxde agea2 d | e
pr o] obBur s péeBasic OHELnSULH ﬁ?e 4 arég:éuﬂ?sﬁ?gﬁf‘?ed,

rifling grooves of the gun barrel. Wien the propelling c

of
the charge 15+5aiB9 PEGRYESH RiLRRY i AE8 £Re SHoisson ME gtine babteratbn

the bor® of thetgunhet hec@®Pases £b0WhAr @KL oSWIASe; 260aPH.

t hrough the rifIing groow?%. Wien the charge gases reach the obturator
seat and the 3brarafor, EVET v el St f FHEN2 6P PEREQTS hea Kthagedgaweth

into the 20 ohfiuanted sepdjedbelebar oso gRseEqt hes Q@ltt?\%rt ft-egPORLLON
312 of the ob&urator and.the obt rat?pi S ughed forward. ,%%tqapl)%retdl ofﬁgglz
is in contact “GFthefor S pbft PEFAEE 2PVRRGRE Srolgss idEE ofypbradiy

portion 314 ilkaveusifiedsup ralp GRidantk the dumar depotti gpecontacis ang
10 stabilization.
Therefore, an obturator, such as obturator 310, may be
decoupled from projectile 10. Such decoupling is
- accomplished by plécing a lubricant, such as a dry-film
lubricant, between the obturator and the obturator seat.
15 Because the obturator is not affixed to the projectile, the
spin of the obturator as it moves in the rifling grooves isA
not significantly imparted to the projectile. Instead the
obturator functions like a slip ring and, when a dry-£film
lubricant is used, imparts a spin on the projectile that is
20 only approximately ten to fifteen percent of the rate at
3 which the obturator is spinning.

Although the present invention and its advantages have
been described in detail, it should be understood that
various changes, substitutions, and alterations can be made

25 therein without departing from the spirit and scope of the
present invention as defined by the appended claims.



25 stops against forward wall.32. As obturator 310 noves up Oa‘p 30 both
portions 312, 314 are forced to expand or "inflate." In addit

charge gases also contact curved surface 218 of aft portion 312 and are
directed 3@%3 resulting in the further expansion of the aft 30 portion
312. As th " or expands, the tabs of aft conposite portion 312 are
forced into the rifling grooves, thereb@/4 preventing nost, if not all, of
the charge gases fromzZ W 2003 WO 01/ 06201 PCTJUSOO0/ 17302 22 passi ng the
obturator. In addition, due to curved surfaces 26 and 218, aft portion 312
conti nues WHAKIOEUAMBRRIS] as tabs 228 are eroded in the rifling grooves.
This feature ensures that a gas seal is naintained as the obturator 5
experiences wear as it travels through the bore of the gun. Furthernore,
the expansion of formard Apobhwstos S%i&ﬁétlletﬁﬁnéﬂéhaﬁoﬁogpédnsbﬂgelt Baig
portion to extrude into the rifling grooves. Such extrusion also mnimzes
t he passi rRjoiegfile thagingam g@u@asggowwﬁgghshaned shitfaden ghey prmrlarsgropye lagated
addi ti @n, 0 fails, the forward
nmet al gortélugsf}&g%gg%lp?ﬁﬁaBmtc%dnadftﬁ{%rggmﬁ &Edl%lls&seal t he grooves. The
const ant out waras ganelss ung hamg anSnizgpshifect iascontdee waitht the shapyed Suifdesofither anp

30 al so enabl es the u .1 -nmetal .obt ors, such as obturator 410
i || ustrat €47 gﬁlﬂ?r?-‘écu ’ﬂt £ InqisT Syface g Itﬁ‘ﬁém’c%s“ngﬁ%"%%al%ﬁf of

such obt Ufsﬁft@d&ée:dténdﬂigt frovel Qlfirsérd dffiBe hrruldrHhgCHrd %ﬁﬁg@éd t6 Qirect Wb AEW bf

pressure, as with forward section 314 of obturator . However, w thout
thre. pr eserfgesonto the anaplar sove ke radkally pxpands the annular mingj il the berel ofvibe gub pass

by A heo Qi B! Wit hl PriEetlB i thd Furt 'hirbC'af Stk Sitbdcd 43t WhBuihd Fing

contacts an inner surface of a bore of the gun barrel; and
wherein the radial distance between the inner surface and the outer §urface of the
annular ring substantially equals or exceeds the radial distance between the shaped surface
of the annular groove and the inner surface of the bore of the gun barrel at at least one
15  point, thereby restricting a flow of charge gases from an aft end of the projectile to a

forward end of the projectile as the projectile travels through the gun barrel.

2. Canceled
20 3. The obturator of Claim 1, wherein the curved surface comprises a von
) Karman curve.
4, Canceled
25 5. The obturator of Claim 1, wherein the annular ring comprises a material

that extrudes into a plurality of rifling grooves formed in the bore of the gun barrel when

the annular ring expands.
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rifling grooves. Although only a single configuration of obturator seat 22

‘corresponding to obturator 310 is illustrated, it will be u%ﬁra@g%ﬁhat
the obturator seat 25 may be nodified to conformw th differ f

obturators wthout departing fromthe scope of the present i.nvention.

Furt her nol0845Hs103 at ed above, the rifling grooves are typically used to
inmpart a spin to a unguided projectile.25 30 This spin is usually inparted
by extruding a rear obturator that is nounted to the projectile into the
rifling grooves. The extruded obturator is spun as it travels through the
spiral riflingegroowesothiratdiefop ar SojeBfle AUSRhbA Grdrar Dsa?&"?%'le-mrilg. Got”
2003 WD 01/ 06201 PCTI USOQ' 17302 23 obturator is mounted to the r3j_ect| | e,
this spi nhp¥ingappapylaggrogve with s haped surface, Sherannylan gropyeelogatdd Iswasfantially

obt ur at or i t d ' ﬁ!ﬁf spun by the rifling grooves,
ei t her dugt?gu&egﬁ%?%ﬁﬁo%ﬁﬁ@%éﬁﬁ%?%{"@ ‘nto the grooves or due to the
ext ensi on of t alferwand enndlar rigg bawins an hifiwerfece, amhmersurfbcd)intamas‘cowﬁhage Uﬁed
with dv jectiles. .spinning. s neither requjred nor . desjred. This
is becgusgﬂé)ggasﬁ{cf%f °§lr‘ Té‘&‘l‘i‘?‘e%f“f‘g?p‘?féh? ngleﬁ?iénﬁi_ﬁkd’ rpgifctilsindhe g4n o
that are bagel, isuterlUrfat@id don#at with an FiheF SIrfice of #BoRRIf M barsliCh as
obturator 310, may be ~ decoupled fromprojectile 10. Such decoupling is

acconpl i shed bgn gita@nwgr Hng haying aferwasd surfags in contact withthe afb surdacetof thet ween
t he obtur %’x%? I § at. b t IS not
affixed t ?rﬂ%@%?lg? %Ct.l tg{,f lﬁeg sulg%%nmocfjoﬁfaﬁg&gtgtstﬁ? éﬁﬁ}eﬁggﬂ:ﬁ% ﬁ%@gsa“ alaf he
rifl i ng geuevesfitte projectide, anidf withrthé \projegiie tiwdhd gui barrpl; @jp asitérl strfaté1id ead
th 10  contact with the inner surface of the bore of the gun barrel; and

wherein the radial distance between the inner surface and the outer surface of the

aft annular ring substantially equals or exceeds the radial distance between the shaped

surface of the annular groove and the inner surface of the bore of the gun barrel at at least
one point, thereby restricting a flow of charge gases from an aft end of the projectile to a

15  forward end of the projectile as the projectile travels through the gun barrel.

7. The obturator of Claim 6, wherein the forward annular ring comprises a

metallic material and the aft annular ring comprises a composite material.

20 8. The obturator of Claim 6, wherein the inner surface of the aft annular ring
w) comprises a curved surface, the curved surface extending from a first end of the aft
annular ring, and configured to direct the flow of gases into the annular groove to radially

expand the obturator in the bore of the gun barrel.

25 9. The obturator of Claim 8, wherein the curved surface comprises a von

Karman curve.

10. - The obturator of Claim 6, wherein the inner surface of the aft annular ring
comprises a ramp surface extending from a second end of the aft annular ring to enable the
30  aft annular ring to expand around a corresponding ramp of the annular groove as the aft

annular ring moves toward a forward end of the projectile.
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obturator functions like a slip ring and, when a dry-film lubricant is

‘used, inparts a spin on the projectile that is 20 only approﬁn ’ @e?nto
fifteen percent of the rate at which 'the obturator is spinnt though
the present invention and its advantages have been described in detail, it

shoul d be 004§ H19%dod t hat various changes, substitutions, and alterations
can be nmade 25 therein without departim@ fromthe spirit and scope of the
present invention as defined by the appended clains. 0 2 OCT 2003

004578. 1091 24 WHAT IS CLAIMED IS: 1. An obturator for a projectile

| aunched from 319un TlobiratoPet ClainPs QhuRfitr dofntRHIg HpIRALANGBkafilAgvE Wi th

a shaped surface, the annular groove located 5 substantially at a”m'd-body
| ocat i on @kial prtensding tabs positionedrapaunditheputensusfacriofthe aft agnilantingtoengagener
surface i . W . rfac f e ar groove of the
projectil gr,ltS% ﬁ)té&%frllt \égrqu?]ﬁ'rrlé] grgéb%ﬁg gﬁ%ﬁgﬁﬁﬁﬁ%g 0rf Hr%fugg)%girses a curved
surface extending froma first end of the annular ring and configured to

di rect _the fl ow,_of ases into the, annyl ar ove to radjally expand the
annul a8 ring i 12t he ABERREBIOT (91 ByRiocHIS pehed fomcgunhariel. spd PEVESHHE i 1 o i n

the gun b%ﬁ{riﬁganaﬂmﬂhﬁ %50. #1126 Shapbd 5ileackNRE aAfulhd %Gov&l%@&té&&&sﬁﬂtiilfwer
surface of a bore of the gun barrel; and wherein the radial distance

bet ween t lba midrbpdylecationcofsheiprojastitpucamprising:ace of the annular ring

substantially I [ h ' i .

surface of th%géﬁr?éf' ar @ﬁ%@a\e}g&%ﬁhﬁ?%&%ﬁﬁ%ﬁ c?h?&?ﬁ@gﬁ@lﬁe“@%ﬁe&ogﬁfgéggp@ge gun
Earsr el at faaﬁulhxegsd ?ve)mhh d propeutit, i’and,hﬁt}em pﬁ'@ﬁ&étﬂéﬁiﬂlgsgu? batrelyvam buteh surge | egases
I" n aft, .en (0] t.ne ro eCtJ e to_a or war en t he Ppr o) ect i e as
th“'e}n pﬁej o Of fHenpplay BRg coryip @hl@ﬁéﬂ@faw%b@wg%%%@ ancel ed 3. The

obturator of Cagjlapakty JHi8bRAMiall) axfatEMEHiRE b8 PEsiEONBA drS@R] e YRR SRFERN
carve. of the annular ring to engage into a plurality of rifling grooves formed in the bore of the
gun barrel; and
wherein the radial distance between the inner surface and the outer surface of the
15 - annular ring substantially equals or exceeds the radial distance between the shaped surface
of the annular groove and the inner surface of bore of the gun barrel at at least one point,
thereby restricting a flow of charge gases from an aft end of the projectile to a forward end

of the projectile as the projectile travels through the gun barrel.

20 13. The obturator of Claim 12, wherein each tab substantially fills an
'\;D associated rifling grbove. with the projectile positioned in the bore of the gun barrel,
thereby restricting the flow of charge gases through the rifling grooves.

14. The obturator of Claim 12, wherein the tabs are positioned around the
25  annular ring at an angle substantially equal to an angle of the rifling grooves in the bore of

the gun barrel.

15. The obturator of Claim 12, wherein the annular ring comprises a flexible
material such that the annular ring compresses inwardly when positioning the projectile in

30 the gun barrel and with the tabs not aligned with the rifling grooves of the gun barrel.
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4. Cancel ed 5. The obturator of Claim1, wherein the annular ring conprises a
'material that extrudes into a plturality of rifling grooves formed in the
bore of the gun barrel when the annular ring expands. DALO OQZWBQW_.. 0 2
T 2003 004578. 1091 25 6. An obturator for a projectile launched froma gun
barrel, sdl0d5P.t0Hctile having an annul ar groove with a shaped surface,

t he annul ar groove | ocated substantiall37 at a m d-body | ocation of the
projectile, conprising: a forward annular ring having an aft surface, an

i nner surface in contact with the 5 shaped surface of the annul ar graqove

of the projectifge, antle obhirftot B AMiRi 2! fukiBer Boﬂmﬂ?siﬁl%ma BAVdr& |l anndar girer
surface in contact with an inner surface of a bore of the gun barrel; an
aft annul d@viighg having a forward surface in contact with the aft surface

of the forwar I ' ' ' t. W shaped
surface of the%gﬁdwrm#asirﬁfa%ér glgﬁloéﬂc%f t gthf)?lg}reégﬁﬁdg%gﬁ%?%%# l%#‘eetl S’ﬁ%‘] @gti |l e
I n the gurprbjactilelin thaguobbeel; surface in 10 contact with the inner surface

of the bore of the gun barrel; and. rein the radial, di stance bet n the
e St ace. ARIRRLAERES i Coptiel outi fhe,Syaped.grtaan ol b 31Ul EoBe S b al |y

equal s or gyeefesandhe radi al distance between the shaped surface of the
annul ar groove and the inner surface of the bore of the gun barrel at at

| east one poi rén,aftsuslaehin coptact with thegfianhuleyring. char ge gases from an aft
end of the projectile to a 15 forward end of the projectile as the
projectile travels through the gun barrel. 7. The obturator of C aim§6,
wherein the forMard Aprojictite for bynching fromesgum bamel, zbinprisingt eri al and the aft

anipl ar. ring conprises a conposi.te terial. 2 The ohturator of Caim
6,“‘/\u/\h3r°ei n the q%&%m%i?ca?edﬁ%ar fat °%Yﬂ'¥ﬁ|e%‘?°$§hﬁ@r°1%ﬁ‘f5ri ses-a curved
surface, the C%ﬂﬁguﬁﬁhfs%%eﬁxéoﬁgﬁhﬁg thé B@l@acf sdgilenfafld WcatddSoWhid aaftul ar

ring, and configured to drrect the flow of" gases into the annul ar groove to
radi al |y ecadpdthe projectdet urator in the bore of the gun barrel. 25 9. The

obturator of O ai ffar \@oeorv%i 1Bcdlf sxfb%{a\r/lgﬁlf Wi %ﬂ-b%ﬁ%&éa?fﬂoﬁ ot thé Broj&q{lga n

curve.
said annular groove having a shaped surface; ‘

15 an obturator having an annular ring with an inner surface in contact with the
shaped surface of the annular groove of the projectile, the shaped surface of the annular
groove comprises a curved surface configured to direct the flow of gases into the annular
groove to radially expand the obturator in the bore of the gun barrel, and, with the
projectile in the gun barrel, an outer surface of the annular ring contacts an inner surface of

7 20  abore of the gun barrel; and
(\) wherein the radial distance between the inner surface and the outer surface of the
annular ring substantially equals or exceeds the radial distance between the shaped surface
of the annular groove and the inner surface of the bore of the gun barrel at at least one
point, thereby restricting a flow of charge gases from an aft end of the projectile to a

25  forward end of the projectile as the projectile travelé through the gun barrel.
18.  Canceled

19.  The projectile of Claim 17, wherein the curved surface comprises a von
30 Karman curve. ‘
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10. The obturator of Claim6, wherein the inner surface.of the'aft annul ar
ring conprises a ranp surface extending froma second end PfZ 4 £

annular ring to enable the 30 aft annular ring to expand around a" -
correspondin rang of the annul ar groove as the aft annular ring noves
toward a f%‘?‘%%&?do hd of the projectile. DALO1:623736.1 t 403 004578.1091 -
26 11. The obturator of Claim6, furtheR8conprising a plurality of
substantially axial extending tabs positioned around the outer surface of
the aft annular ring to engage into a plurality of rifling grooves f.orned
in the bore of 2he dlie peaojectile 05 C2im A, othereimtloy shaped asupface o€ ithé antdamched

froma gun barrel, said projectile . having.an annul ar .groove with a shaped
surface,  t HEOKHAUMRRSS: bETED CORAFHER 12, FRARA the BgRreiar i the U fare) 8t 39 on
of the propKgfatdr@noved wdrdd the forMardérd GHReprdjectileNd having an inner surface

in contact wwth the shaped surface of the annular groove of the
projectile, and, with the projectile in the gun barrel, an outer surface

10 of the annul ri t | f 3

barr el ;Sha pl ur aﬁ'ty g%é@%ﬁgen i@%ggﬁl}é &éx@%mgﬁhggé&g ésle%iqg)rll%gﬁ%'r ound
t he outer ofisefratiens fofmedeloagthd mmprandgonfigened ag preveamtahe optunatet from shitling
rifling gr&ove&lformed in the bore of the gun barrel; and wherein the

radi al di sSTARLECS#Reen the inner surface and the outer surface of the 15
annul ar ring substantially equals or exceeds the radial distance between

t he shaped surface of the annular groove and the inner surface of bore of

thesgun barrel 2% at Theamyjecile op&ilaim 17; whewslry thes shapied tsurfgee of tegvanmulamar ge
IS, d of OGS oot
9=t hel O o8By € pdmiites Slvdi{ osRched il 4 e ofi Be bt i Bifovetha bt £5°7 11 ©

Claim 12, mbteiceihe nesvemehiodf theibishraririteward the forwardrend @ ghegrajeetiles i f 1 1 ng

groove with the projectile positioned in the bore of the gun barrel,
thereby restricting the flow of charge gases through the rifling grooves.

14. The obturatps of Al GbiniFatbe 1fof’"9§{€8§e&ilb NeudcBEP RF aPRRT biu?diStheAprojtietle Ne

25 annular ring at an angle substant’ al Ify equal to an angle of the rifling
grooves i nhavirg groarnuddr gredvs witina ishaped|surface, lar greaverlocatedciubitantially

wher ei 15t hgt aqHMoadS' l&a%gn %?Hp.rpirg_]g&ilg, c]:)l'n%%l'sitﬁlge
an annular ring having an inner surface in contact with the shaped surface of the
annular groove of the projectile, the inner surface of the annular ring comprising a shaped

surface extending from a first end of the annular ring and configured to direct the flow of

_ "\. gases into the annular groove to radially expand the obturator in the bore of the gun barrel.
T2
\—) 24.  The obturator of Claim 23 wherein the shaped surface comprises a von
Karman curve.

25.  The obturator of Claim 23 wherein the annular ring comprises a material
25  that extrudes into a plurality of rifling grooves formed in the bore of the gun when the

obturator expands.
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material such that the annular ring conpresses inwardly when positioning
the projectile in 30 the gun barrel and with the tabs not aligned with the
rifling grooves of the gun barrel. DALO :623736. 1AMENDED SHQEZ 0@1’ gﬁagﬁ
2001. 004578.1091 27 16. 'The obturator of Claim 12, further conpri sty a
forward amppybsse.1091ng having: an outer surface in contact with the inner
surface of the bore gun barrel with theg projectile in the gun barrel; 5 an
inner surface in contact with the shape(? surface of the annul ar groove of
the projectile; and an aft surface in contact with the aft annular ring.

17. A projectil,g forl chi n om n_bapr el onprising: 1Q a payl oad
segnent | ocat ed"%t Om’[{hgao;@u}rgtlp&\gf gﬁ%ﬂ‘ 0%‘?‘}?&‘ Bﬁgoﬁ‘@gfafl g m 85‘71?3?‘3’%?8
segnent caeuphledrih®hivieg pa i Gafaces gibriifer sitflade G @bfidct With tisk shapéd §urfage df of
the projectile; an annulqa@egr oove located substantially at a m_d-bod

| ocation dhe BT FPRYe o1 the projastie..andy mith e peRiectiain the gun harpddar Quekce;
15 an obt : i L i i r r i act

W th the Ucin@Maptflaf Al Alrrick BB ot Sng I afll S e dinfiap e
shapedSsurfaher comprisimgeamnaft annulgy vy badingnar foseard ssucface; e centadt awith thendft gur ed
to direct t f f es jnt.o the annular . gropve t adi al xpapd the
bt ur at o e e dR Fulaf el paR Safite ifioBRC Wi hitaBid FuRBF e
gun bar r elthe amubdit @oowelsf the Grejectilélcand Riithathe [projactilo i dled gurfBarrdl @ ofitef f ace
of 20 a bore of the gun barrel; and wherein the radial distance between
the i nner Sétfpqedn gontact Witithg ipner surface g thebore ofthe gumbaregl. i ng substantially
equal s or exceeds the radial distance between the shaped surface of the
a_["gayl ar groove and the inner surface of the bore of the gun barrel at at

| edst 16ne poi 27, t Hdeaburates bf Cidimn2p wheteinthef forwand ganylas eing foompriacs af t
end of the %lg e%gjaﬁ?‘%)‘ﬁ a §5 forward end. of the c%rto'e tile as the
projectil & v BTy t&ﬁa BTG EGOrTISe BCOPRGLE rfé The projectile

of Claim17, wherein the curved surface conprises a von

28.  The obturator of Claim 23, further comprising a plurality of substantially
axial extending tabs positioned around the outer surface of the annular ring to engage into

15  aplurality of rifling grooves formed in the bore of the gun barrel.

29.  The obturator of Claim 28, wherein the tabs are positioned around the
annular ring at an angle substantially equal to an angle of the rifling groove in the bore of

™ the gun barrel.
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30 Karman curve. DALi 01: 623736.1 AMENDED SHEET 0 2 T200 004578. 1091 28 20.
The projectile of daim17, wherein the shaped surface of the annul ar
groove conprises a ranp configured to expand the obturator in fz@gn
barrel as the obturator noves towards the forward end of the ‘-gr ] t?p@ 5
21. The projectile of Caim20, wherein the ranp further conprises a
plurality of serrations forned along the ranp and configured to prevent
the obturator fromsliding down the ranp. 10 22. The projectile of daim
17, wherein the shaped surface of the agpular groove conprises a wall
positioned at a first end of the annul ar groove and configured to restrict
t he novenent of the obturator toward the forward end of the projectile. 23.

An obt ur at or3d.or Anpbairatei for @ préjeetlb eghntheFromgurlBdrf ] said HrojRfiRi G id &
havi ng an lannul ar groove wth a shaped surface, the annul ar ﬁroove | ocat ed

subst arfiglar grooys with 3 shaped,sufaceothgrangnlapereaye loeaipd substantially ep ei midiedyan

annul anekddad JTaYd $19iedfiel Syg-face in contact with the shaped surface of
t he anﬁu ar grooé/}gjo ef e r#s(?)]}ljééctile, the inner surface of the annular

ri ng conpri sinapnalas hiagddvinglanfiane sexfhenihi cogtdct othathé shated sndfacef oftthe ammiiad ar
ring and configured.to..direct the flow of ases i.nto the, annul ar groogve to
r adi al |$°%‘§?p8tghi HEOJSCEP?JréFdFm?rn S‘frfﬂfeb%t?g‘eog“ﬁ‘ﬁ% Hh& WHRIEFS azepryer sytface
obt ur atexten@ingQrérh M £t s fahd ahhBarSiie At Sdniiehfed 16 ALl BRIV ¥PFhsed ORI

curve. 25. The obturator of O aim 23 wherein the annular ring conprises a
mat er i ANNURE graexe te xadialbeexpand she apnularating in te bare [of e gumwbeme, i, veith the -

tsfje _tl)_o réﬁ%%%_tﬂ% Bg éﬂ% g%’gg&i!ggxi ou&p tHErReCS s RS %Hﬁll%i ﬁgéltgnfag s3a7n31§1h%r éaﬁr a’c\:lg)% a
H5E bore of the gun barrel,; arid

wherein the radial distance between the inner surface and the outer surface of the annular

ring substantially equals or exceeds the radial distance between the shaped surface of the annular
groove and the inner surface of the bore of the gun barrel at at least one point, thereby restricting
a flow of charge gases from an aft end of the projectile to a forward end of the projectile as the

projectile travels through the gun barrel.

31.  The obturator of claim 1, wherein the curved surface comprises a von Karman

curve.

32.  The obturator of claim 1, wherein the annular ring comprises a material that
O extrudes into a plurality of rifling grooves formed in the bore of the gun barrel when the annular

ring expands.

33.  An obturator for a projectile launched from a gun barrel, said projectile having an
annular groove with a shaped surface, the annular groove located substantially at a mid-body
location of the projectile, comprising:

a forward annular ring having an aft surface, an inner surface in contact with the shaped
surface of the annular groove of the projectile, and, with the projectile in the gun barrel, an outer

surface in contact with an inner surface of a bore of the gun barrel;



1 ot SRR

29 26. The obturator of Caim23 wherein the annular ring conprises a
forward annular ring having an aft surface, an inner surface in contact
with the shaped surface of the annular groove of the projec{i? CTa@dd3 with
the projectile in the gun barrel, an outer surface in contact with an

i nner surface of the bore of the gun barrel, and the annular ring 5 further
conprising an aft annular ring having a forward surface in contact with the
aft surface of the forward annular ring, an inner surface in contact with
t he shaped surface of the annular groove of the projectile, and, with the
projectile in the gun barrel, an outer3l surface in contact with the inner
surface of the bore of the gun barrel. 10 27. The obturator of C aim 26

wher ei ah dfhenrulir W i rj a. tallic material and the aft
annul ar ring cgrrprg?js?ggﬁg %@Nn%fgs%?{fg%rr@tcgrﬁiggﬁ Wlt}%g%e %1%‘“ Qf thedprweard @naglas 23,

f ur t heing SRpRIesisALface ipl aontect withahe shuped amifice dfthe aindhr S6LENEE S éﬁ@j@?ﬁle,
pOS't'a%pegfitﬁft@élé}%- th% .0ut er sgrf%ce of the annular ring to engage i'nto "~ 15
a plurarity of 749 gmg}ﬁ%%% Ay FeRptersurfage gantast withahe imebsurfaek of 28
The olitore of the goh b&irélt spd28, wherein the tabs are positioned around the

annul ar ring at, an anc?I e substantially equal to an angle of the rifling
groove in tHErYBthe gadiak ¢istapembetavecrithe Died SwERR7AR the. duter hifrkack lof. the ARCCT

2003 i : jectile | hed f barrel, said
orof ectr e g oRaiEh Lo ortaBhb B6G inif 4RUARE Bepicen R ulbuarismnci the
gr ooventwengredve aik therinher suyfasd oftHel brb0fhe SiarRirked 3t af leﬁaeongrp@ilﬁ,?ﬁlie{%g

W

conpri.sijag;. an annu ring haying an _inner surface in contact
, pek Sgrllfgifngcae St Phgﬂ%fﬁﬁ T }'[‘ﬁ?’o@véﬁo‘?ndt ofether prioiastild to, atfhevardread cfuthkbace

of/ t herojeutilé & the pRHedRORET 1S fhréy ace extending froma first end
of the annul ar r?’ﬁtg and confi gur%&h%lg&g#?éébt the fl ow of gases into the

annul ar groove to radially expand the annular ring in the bore of the gun

barrel, an Wi rectile in the gun barrel, an outer surface of
the annul ar§4'ri néf“%tgﬁﬁ%%@ég%%ﬂﬁewhgmn heglopyar angyleg rEE qomprigena meatalbic
and whetegiaharidthe nfidinablarliing s6166riRe aWRRPosAEmAfdRgl, Surface and the outer
surface of the annular ring substantially equals or exceeds the radi al
di stance between the shaped surface of the annular groove and the inner

surface of34.he : r it At | east ane point, thereb
Surace D%S. PR¢ @bhlrafol SfOURNP Y, "FherSh Bk 1EES LIS B aft annu?aryring

comprises a curved surface, the curved surface extending from a first end of the aft annular ring,

and configured to direct the flow of gases: into the annular groove to radially expand the
obturator in the bore of the gun barrel.

36.  The obturator of claim 6, wherein the curved surface comprises a von Karman
curve.

o

37.  The obturator of claim 4, wherein the inner surface of the aft annular ring
comprises a ramp surface extending from a second end of the aft annular ring to enable the aft

annular ring to expand around a corresponding ramp of the annular groove as the aft annular ring
moves toward a forward end of the projectile.

38. The obturator of claim 4, further comprising a plurality of substantially axial
extending tabs positioned around the outer surface of the aft annular ring to engage into a

plurality of rifling grooves formed in the bore of the gun barrel.



a flow of charge gases froman aft end of the projectile to a forward end
of the projectile as the projectile travels through the gun Qagrﬁ @
The obturator of claim1, wherein the curved surface conprise¥ n2 B man
curve. 32. The obturator of claim1l, wherein the annular ring conprises a
material that extrudes into a plurality of rifling grooves forned in the
bore of the gun barrel when the annular ring expands. 33. An obturator for
a projectile launched froma gun barrel, said projectile having an annul ar
groove with a shaped surface, the annul3®r groove | ocated substantially at a
m d- body' location of the projectile, conprising: a forward annul ar ring

havi ng an af}, surfac an Lnner surface in contact with the shaped surface
of the annulio?r gr%’& Efugﬁtog #‘?é a;?F?JF‘é‘HF'ar“é‘Fheélné?m\ﬁigWhWLﬁP{Sﬁ rIeiertile haingaa

gun bargn@ihlar gRodvetwith a%h%%&?ﬁxrfa@e,%@ta?iﬁﬁlai“’igfctbv@rlo&d?&ﬁEubcsihrniiﬁﬁf aPh iYL O

the gun barrel; 0 2 OCT 2003 31 an aft annular ring having a Torwar
sur f acdo¢atiop®f themrojgetile, edmprising:surf ace of the forward annular ring, an

the.proj ect it ser Shetabile' B aEpitet ' Gt e Siped eyt e

sur f acemhlat grbae bf bﬂetﬂ??f'kblﬂe,i dhacwith yhd piofectife nfiRe gPb&Tdlf art SRR BAbF Ble;
and wherein the radi al distance between the inner surface and the outer

sur f acnBYlaf Hag gentactsamngs surfagg ofybetepfthagubasislal s or exceeds the radi al
di st ance bet ; gﬁﬁ@a ﬁ'u‘{"é : ] r
surface of t eﬁggﬁ}ggfcﬁi&t e g1 n %%?teeﬁagl%hg?s ;fdégiétn @%%g)r “%g?ﬁﬁ"t‘?‘ﬂg‘rgé‘?%ﬁég%e
restri cnhvlgr ang fcoengage thaa ghirgity ef riflinggraovesifornestdinake bére of tie) gumtbatrel; taad a
foryward end af t.h rojectile as the projectile travels through the gun
ba)rNg |. 34. “?‘?Féelagmgst%ﬁls ; o pelvpen he et i aet g @meea Syriang 04 rthe prglar
conpri i s@bﬁah_fﬂnp uald R xdedlls B dadikiCigthiceHebWER the sitped YAl Thannul
conposite material. 35. The obturator of claim4, wheréin the inner sur%race

of t he Z@qveandithainner serfaceforesefithe gon bawel afat feasone paink thevehy wsirictiog a

di : | : ¢
G oot e of PARCEe badet e B e Rl b Oy U 2 RF WERE e
obt ur atppsjedtile traeelbthreuglf the lgen pampelbarrel . 36. The obturator of claim 6,

wherein the curved surface conprises a von Karnman curve. 37. The obturator
of claim4, wherein the inner surface of the aft annular ring

40.  The obturator of claim 10, wherein each tab substantially fills an associated rifling
groove with the projectile positioned in the bore of the gun barrel, thereby restricting the flow of
charge gases through the rifling grooves.

41.  The obturator of claim 10, wherein the tabs are positioned around the annular ring

at an angle substantially equal to an angle of the rifling grooves in the bore of the gun barrel.

42.  The obturator of claim 10, wherein the annular ring comprises a flexible material
such that the annular ring compresses inwardly when positioning the projectile in the gun barrel

and with the tabs not aligned with the rifling grooves of the gun barrel.



conprises a ranp surface extending froma second end of the aft annul ar
ring to enable the aft annular ring to expand around a Qorr@szoﬁﬁlia?& ranp
of the annular groove as the aft annular ring noves toward f 3end
of the projectile. 38. The obturator of claim4, further conprising a
plurality of substantially axial extending tabs positioned around the
outer surface of the aft annular ring to engage into a plurality of
rifling grooves formed in the bore of the gun barrel. 0 2 OCT 2003 32 39.
An obturator for a projectile |aunched33roma gun barrel, said projectile
having an annul ar groove with a shaped surface, the annul ar groove | ocated
substantial |y at 1 d- bod l.ocation of the projectile, conprising: an aft
annul ar rin havi%%ﬂ"‘i‘tﬂﬁécl@m (ﬁé"ﬂ?q‘i COBRNSRg aforvard ganwarsieghaying:ace of
the annul alnGuRe¥&fik it BSnRHAAhb ifher Aitface Urtk BAIE LB Bhe itPimebrd{B8 01T
barrel, an outer surface of the annular ring contact's an I nner surface of
a bor eibthetgyabguplbarrel ; a plurality of substantially axial extending tabs
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wher ei and he radi al di stance between the inner surface and the outer surface
of the annul ar r{&r}g substantially equals or exceeds the radial distance

bet ween t he 2B gl Sedacsipcaplactovith tie afaAnpniar ringr oove and the inner surface of
bore of the gun barrel at at |east one point, thereby restricting a flow
of charge gases froman aft end of the projectile to a forward end of the
proj ectil e 44.t hé ppjeofikedbr laenthing/ fbm a sunchagiel tdompgisingbarrel . 40. The
obyurator of claim 10 erei.n each tab substantially . fills an associ ated
PN g of bR haement Rg ot T FoR BB RS b e of 't po gan-
barrel, theaghypulfsd séghdm Golihed td ¥ Riyload RERRNOARLRCARE IRl dAEasf thd bPI
grooves. 41. The obturator of claim 10, wherein the tabs are positioned

ar oundthergoigetilal ar ring at an angle substantially equal to an angle of the
rifling gro ' rrel.. 42 .The ob ator. of, claim
10, wner o n o it ERSVBLEE sitinfifl 3P a0y 0Pt B the nktieftan e
annul aannulagroovgiraetgesshapedbsuiifage;when positioning the projectile in the gun

barrel and with the tabs not aligpned with the rifling grooves of the gun
barrel . 02 &«pﬁa%@gt §3Vlaa.anﬁ@ul%trmgaw\§$ a9 InEen, sysfacs, inf eantace Willh Hisr shaped) a

forvar gy apaURthe’ hiii1R2M0BYe oFthe YrSjeetiil! HAS ShddddC tofMHeNarlrifar
surface of the bore gungrlgarré)? vmelfﬂﬁgjteﬁe ’pfrﬂ(i;)ﬁcect‘{éfleguﬁ‘a%8 of e Far &3‘3{/«3
comprises a curved surface configured to direct the flow of gases into the annular groove to

radially expand the obturator in the bore of the gun barrel, and, with the projectile in the gun
barrel, an outer surface of the annular ring contacts an inner surface of a bore of the gun barrel;
and

Q wherein the radial distance between the inner surface and the outer surface of the annular
ring substantially equals or exceeds the radial distance between the shaped surface of the annular
groove and the inner surface of the bore of the gun barrel at at least one point, thereby restricting
a flow of charge gases from an aft end of the projectile to a forward end of the projectile as the

projectile travels through the gun barrel.

45.  The projectile of claim 15, wherein the curved surface comprises a von Karman

curve.



i‘'n the gun barrel; an inner surface in contact with the shaped surface of
the annular groove of the projectile; and an aft surface in contact wth
the aft annular ring. 44. A projectile for launching from a@@u@@@aml
conprising: a payload segment |ocated toward a forward end” of

projectile; a propul sion segnent coupled to the payl oad segnent and | ocat ed
toward an aft end of the projectile; an annular groove | ocated
substantially at a m d-body |ocation of the projectile, said annular
groove having a shaped surface; an obtu3#tor having an annular ring with an
inner surface in contact with the shaped surface of the annul ar groove of
t he proj ectil , tﬂﬁ shaped surface of the annul ar groove conprises a
curved surf a ¢ prvedile of flagr 45, whemin theoshaged surfacs: of thecannwiarl gnoove

gr oove I %}né t t rrel

and, w %ﬁntrﬁs‘gg& 0] ect Pgﬂgﬁ t? ﬁ\lecz,‘(ig‘ra{dj{lébarre‘25 Hﬁa?légg@gp%ﬂrgg%g °§¥ur‘%ﬂr moves
annul artowar@tbofnrwatdsemimfthmmmemta‘ ace of a bore of the gun barrel; and
wherein the radial distance between the inner surface and the outer surface
of the annular ring substantially equals or exceeds the radial distance
bet ween the 4S'hape1ﬂh§ fdjece OF d ?ﬁﬁ,fa

the bore of the g Ear’]re at aa?ﬁl ggg?h%ﬁgl gﬁ nt, '?ﬁg}eg%%nilpﬁgtrl ti Hﬁﬁo

fl ow of S%m%sefogaséglongéhﬁ mmpagnd eondigareditp prevent @@tqblwatoo front sliding dowm clheof
the projgctile as the projectile travels through the gun barrel. 45. The
projectilé of claim 15, wherein the curved surface conprises a von Karnman
curve. 02 OCT 34 46. The proj ectile of claim 15, wherein the shaped surface

of ¥ he annul gr.Qove ri.ses a rang@_confl gured to expand t he obturator
i n’t he gun b#trel P{%@t oficlaigy 1 ovherein; hgoshared Rerfacsy ofathe amylastgroons

pr oj ect tdile t

conpri s(?gﬁ) é‘ ségargdjﬁ)w%rﬁgs%rar %’?. Sﬁi% or rr%x}]1 wg%gbﬁéﬁgéﬁ@:%ﬁ)o% | gclt.l rﬂ}aed
to prevapvendn obthewbhirator faverd el fdiwayd dodnf theerojeetite. 48. The projectil e of
cl aim 15, wherein the shaped surface of the annular groove conprises a
wal | positioned at a first end of the annular groove and configured to

restrict the9.  An obturator for a projectile launched from a gun barrel, the projectile having an

annular groove with a shaped surface, the annular groove located substantially at a mid-body
location of the projectile, comprising:

an annular ring having an inner surface in contact with the shaped surface of the annular
groove of the projectile, the inner surface of the annular ring comprising a shaped surface
extending from a first end of the annular ring and configured to direct the flow of gases into the

annular groove to radially expand the obturator in the bore of the gun barrel.

50.  The obturator of claim 20 wherein the shaped surface comprises a von Karman

curve.

51.  The obturator of claim 20 wherein the annular ring comprises a material that
extrudes into a plurality of rifling grooves formed in the bore of the gun when the obturator

expands.



‘movenent of the obturator toward the forward end of the projectile. 49. An
obturator for a projectile |launched froma gun barrel, the projectile
having an annular groove with a shaped surface, the annul ar %@o?rm j ocated
substantially at a mid-body |ocation of the projectile, g: an
annul ar ring having an inner surface in contact with the shaped surface of
the annul ar groove of the projectile, the inner surface of the annul ar
ring conprising a shaped surface extending froma first end of the annul ar
ring and configured to direct the fl owddf gases into the annular groove to
radi al |y expand the obturat or in the bore of the gun barrel. 50. The
obturator o] cIa u e co rises a on Kar

curve. Eﬁ% & af‘%‘?%o %@%p%grﬂgﬁ %m} TSRS Ad©

mat er i lailg ﬂlhahg agxaft smiﬁm:e; an dnreer gplitfacd int gbrméct rwlfH tmgsfﬁﬁémyﬁifacfecﬁmﬁé ahﬂulhi“e
bore of the Ptgln when. the obturator, expands. ,4 2 OCl 104 35 52. The

obt ur a88PVHPT B RroIecsde. ARdy with themroigaiils I“&Fherguﬁd’aé'éhﬁﬁ |°§@§ Swfﬁ%ﬁmﬁ@ﬁa‘énﬁm ar
ring hgyi t f u

ur fac lr BRfe ofHERREE ST B NPl bR Ok, iRl HAChulel RohBFungaRth
i n t heargytar piagrhavinganfoouardrsusfacd imomntact withitheaft \amtfdrce oefrlhe fmwardsmmmm emgf

t he boy.e. u rrel nd,t he an uIa rin urther c risi an aft
annul a{}n r@%ﬁ l&aa\(/:? n‘S C%I%?% it ess&ﬁ?%flc%“ age 8 gglul,artgﬁoqvwe fﬁﬂ? P&?‘Fﬂ%
the fowithtlk mojectiielin thegin barsel,iaffker SUFAGCA dofita6OWitA e hbdsutfage §hﬂae%re
surface_ of the annul ar groove ‘of the projectile, and, wth the projectile
in theofdhmeWubaresl. an outer surface in contact with the inner surface of

ik bore of the gun barrel. 53. The obturator of claim 23 wherein the
forward annul ar ri ng conprises a netallic material and the aft annul ar
ring conpri$ks aTkooltositdreofradiar 2hivhelsih theHforvedrt wnatlar ring comptises20mefallid her
conprisin lurality . of .substantially axial tendi ng tabs positioned
arouncfnf‘tﬁga@(?ﬁéﬁeg‘%?‘?‘é&%"?ﬁg‘i‘ﬁ@r&ﬁ%ﬁf p‘?*’i“i"?dn?tﬁnéngage into a plurality of
rifling grooves formed in the bore of the gun barrel. 55. . The obturator

of claim25, wherein the tabs are positioned around the annular ring at an
angl e subst¥ht i alhs, obiyrater efclaim 20gfesthsr comprisingl 4 plralitycafesubstantiallybariel of

the g%t&%ﬁx{g Jabs positioned around the outer surface of the annular ring to engage into a plurality

of rifling grooves formed in the bore of the gun barrel.

55. . The obturator of claim 25, wherein the tabs are positioned around the annular ring

at an angle substantially equal to an angle of the rifling groove in the bore of the gun barrel.





