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(54) Title: M D BODY OBTURATOR FOR A GUN- LAUNCHED PRQJECTI LE:(57) Abstract:
An obturator is provided for a projectile |aunched froma gq@zbggqe?$iThe
projectile has a m d-body annular groove that includes a shaped su ch.
The obt ur aVO91{%2udes an annul ar ring having an inner surf REFAUSPOAGIRACT
wi th the shaped surface of the annular groove of the projectile. The
annul ar ring further includes an outer surface. Wien 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 JdMERBRRY RBTERBATOReFORapeGUNHLAUNEHED PROJEATIIES
groove and the inner surface of the bore of the gun barrel at at |east one
poi nt when the projectile is positioned in the barrel. This feature
restricts a flow of charge gases froman aft end of the projectile to a

forward end of + EAECHt EEpVBRNTHBE [RAANGShl € 1S [aunched fromthe gun

barr el
This invention relates generally to gun-launched

projectiles and more particularly to a mid-body obturator

for a gun-launched projectile.

BACKGROUND OF THE INVENTION

When launching 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.
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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,
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| arger than the bore diameter of the gun, the obturator i 2s0 Bpﬂﬂ}during
| oadi ng of the projectile in an area of the gun barrel where the inside

di amet erwépffoesaes fromthe breach 5 dianeter to the bore pepgRbRi7302lhi S
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 projectile is positioned in the
bore of the barrel. 10 Wien the propellBng charge is ignited, the rear of
the projectile is forced into the bore of the gun barrel. The obturator,
whi ch has a dianeter |arger than the bore of the gun, is forced to extrude
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prOJectlles) are capable of being fired fromthe sane guns that are used

to firkOthe pProjectiles 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.
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Wi th unguided ¢pat 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
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ari sen fYOUOBP urator for use in conjunction with an adPeR&iSe0/17302

gun-l aunched projectile that functions to 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-#aunched projectile that addresses
this need. According to one enbodi nent of the present invention, an
obturator is provided for a projectile launched froma 10 gun barrel. The
projectile has a m d-body annul ar groove that includes a shaped surface.
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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.



30 payl oad segnent and | ocated toward an aft end of the pgﬁreggigﬁm The
projectile further includes an annular groove that has a Bace. »
The annul‘g?@/ogﬁ e |s | ocat ed substantially at a m d-body Iocatl on.of the
WO 01/ 062 : 1003 PCTI USOQ 17302 projectile. The ptofHet¥i7a0% so
i ncl udes an obturator that has an annular ring. An inner surface of the
annular ring is in contact wwth the shaped surface of the annul ar groove
of the projectile. In addition, when thegprojectile is 5 |oaded in the gun
barrel, an outer surface of the annular ring contacts an inner surface of
a bore of the gun barrel. Wen the projectile is |oaded, the radial

di stance between the i nner surface and the outer surface of the annul ar
ring substantial | yOBHGE Se6hnésedeadvaneapasi are (Farahty BEPREEAT100t e
shaped surfacespiitibe anpy! arcrgs 00\&%@ndfi-éﬂ i nge  StETASHIRG thei horss!
the gun barrel ,at at | east one int. This configuration restricts a f?ow
of charge gaseS® ?FbﬁFéﬁnéﬁtaéﬁh W% projectile to a forward end of the
projectile when the projectile-is launched fromthe gun 15 barrel.

Enbodi ments of _the i nvention %{OVIde nunerous_ techni cal advantages. For
exanpl e, in onBEekbedERERLPLLION OF [THE DRAMUNGS i d- body obturator is
provided that allowsoran agwnced eeetlhﬁdéeseenhaﬁ hgg ffRa g 0uief

cannon 20 that . is normally used t re standard ungui ded projectiles.
Obturators |ncb?$%?%%Pﬁga¥€aE%? VR3RLRGRS {h%%ﬁﬁﬁl FREPFEBASOPEIBOY Harde

i npede the fl owsofhshpdYBowdagedeRastipthenBr eprehl Ilea cbrid- thieh bard el the
even though the obturator y he positioned at a m d-body | ocation on 25(f\

t he projectil e2c“PRERELEe Hﬁﬁégﬁsad@aﬁpé§@§ of the present invention Y./
includerd he use of faborei sposag alfg 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;



the outer surface of the obturator. The tabs are used to engage.a %afil
the rifling grooves when the projectile is |oaded. These t&ﬁﬁ&ﬁ&lﬂ] 0
prevent the initial blowby of 30 charge gases through the grooves when the
propel l inwp@absege is ignited. 2 OCT 2003 WO 01/ 06201 5 10p&drugdfo/iZaei30

PCT/ US00/ 17302 Ot her technical advantages are readily apparent to one
skilled in the art fromthe followng figures, descriptions, and clains.

FI GURE 4C shows a cross-section of the obturator of C FIGURE 4A; Fl GURE 5A
is a front view of a two-piece obturator’ incorporating teachings of the
present invention; BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conplete
under st andi ng of the present invention and the advantages thereof,
reference i s now npg ey | d FPEEO N o4 QDAL

with the acconpanyi%gRgféﬂ?nbip?%?aﬁ?gﬁ:%ﬁﬁ%ﬁ%ﬁ#lg?gEgﬁﬁir&ggfratlo%bgg a -
gun- | aunched PpPEEBCEYAY | REoRpdEtThgmeaéhragdoss athethbresdturatnmenefon;
FIGURE 2 is apetpRE-8@action illustrating a gun barrel used for |aunching
the projectile of FIGJRE 1; FIGURE 3 is a cross-section of the gun barrel

of FIGURE 2, takeRISUBRg7R §Eows32 FraDREVARW IRfny el fAnmithes apwiraror

obt ur at gr 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



I ncorporating teachings of the present invention; FlIGURE 4B i”IggTr s a
side view of the obturator of FIGURE 4A; FI GURE 5B FI GURE™5A; " FI 6A~
br oken y.of FIGURE 5A; FIGURE 6B broken away of FIGQURE SA. shows a
cross- setPOYIM the obturator of illustrates a cross-sect SHUMRYH3®orti ons
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 USOQ' 17302 7 FIGURE 6C illustrates g cross-section with portions

broken away of a third nodification of the obturator of FIGURE 5A;, FlI GURE
7A shows a front view of yet another obturator 5 incorporating teachings
of the present invention; FIGURE 7B FIGURE 7A; FIGURE 7C FI GURE 7A,
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projectile |ncorforgtgggmgggcqhqgsIgf {hgdpggsgggt 14 includes the non-
payloa g aylo g nc
propulsion systems of the projectile. For example, payload
5 segment 14 typically includes a plurality of sub-munitions
or some other explbsive device or devices. Typically, 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
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i ncor porating teachings of the present invention; 15 FlGUREdg@KﬁhOMB t he
obturator of FIGURE 5A in cross- section positioned in the attl} seat
of FI GURW®M/N060 FIGURE 9B illustrates the obturator of PCEIRBIABN
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advant ages are best understood by referring to FIGURES 1 through 9B of the
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the various drawings. FIGURE 1 illustrates a gun-launched projectile

I ncorporating teachings of the present invention. The projectile 10 is an
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fires standard ungﬁl ded 30 projectiles. Exanples of such guns_are |arge
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propul si on seggent 12 0 2 2003 WO 01/ 06201 PCT/US00/ 17302 8 ignhites to
accel erate thEBFoj¥& i ?Epgéefihet%leEFPQbflS\}QF’oé’iet%F.‘e% sb?i RASucRRNeE2 Bl Par t
of projectil etéfisiseawhrayldathseupday " 1ébtHaxtoad iseamrat. 14vHdic! ddesat he
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. segment 12 is typically better than its compressive
10 strength, a "mid-body" obturator is superior to a rear
obturator for wuse with advanced projedtiles 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 will 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



10 the aft end. Further, the projectile includes a plurality of fins 20
used to guide and stabilize the projectile (although not ex Liﬁt%lﬁmihown,
fins may al so be di sposed around payl oad segnment 14). In adﬁ'

proj ecti lwokdmeioncl udes an obturator seat 22. (bturator seagc@sdounsgzi ons

15 to position an obturator (not explicitly shown in FIGURE 1). The
function of the obturator and obturator seat 22 w |l descri bed bel ow. Due

to the length

and thin rocket notor walls of advanced projectiles, a

traditional rear obturator, as used 20 Yh shorter, unguided projectiles
that are fired fromthe sane type of gun, cannot be used. If projectile 10
was rear obturated (neaning that the obturator is positioned at or in

cl ose proximtysso the wdteengdsof 1he pf OJa@CUAl@om t %J&r%ﬂ@&fd oy

the projectile when | aunched fromthe 25 gun woul d cause ul st on segment

12 to buckl e.

thecugheukt fhe ofepgbbulcdi dhesdpmt 1Theardibameeesu@fer

to overcome tﬂ@féa@ﬁoateeheesa%sraogn@uqbw@ggmar@ew dhle rRAdedfonder
projectile. However, if the obturator is noved neaf the mddle of 30

projectile 10

propul sion seggephpizedr @drRduces: b¥onaRREaX i pRke! st dce TheS T CB&"eéth

the fact that
WO 01/ 06201 9

to propul sion

144 a "FRES hodY" 1BBSFt PoRLacRelBAURENIPEFABS cans ildP thprm

ggéload segnent 14 (or any structure that is forward of the
WOZBBBGPC?PB§GGP1?§@2CGbPQF&téﬁﬁ -bears approxi mately hal f

the load, while prepghREOR SEIEYrddes 04 a%sgtgaerc%el a¢ Bbrkhaao of
obturator) bears the other half. In addition, the forces that are appl i

ed
BEGVRRL 212takengadong 13ine ki | dMadkinad- wighisdphe Bore

obturator is uggfl. i YNENpRALKBAL tORIRINAL BT ing HESSved NE4E0EEMedN i O SH

segnent 12 are
10
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25

30

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
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
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
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
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

&



general ly conpressive. Due to the reduction of | aunch forces and the fact

that the tensile strength of propulsion segnment 12 is typicgu%gxﬁe?mpr
than its conpressive 10 strength, a "m d-body" obturator is o] 0 a

rear obwwoat/@a20f or use with advanced projectiles such as pprajsesitsoe 10.
For the reasons descri bed above, obturator seat 22 is generally |ocated
near the. mddle of projectile 10. 15 However, there is no strict

requi renent that the obturator. be |ocated at the exact center of
projectile 10. Al that is required islthat the obturator be positioned at
substantially a md-body |ocation to lower the |aunch forces applied to
propul sion segnent 12. As will be 20 discussed below, this generally neans

that the obt Uedit@farcandishys OREHT &iOr 2 SeRImmidhg | BrhReated gE'e"i‘ref?ﬁi Nthe
along projectile 10 that will be | oaded into the bore of the gun barrel.

For this reasBfCIERE iR FEamcmmiRiie ha aneering geereul 4P - di amet er t han

the bore of the baomle 28! projdRitille s heeeaxptebppide %Ofmcgﬁ;%:@ﬂfg of
the obturator_ and obturator seat 22, reference is now nade to GURES 2

and 3. FI GURECRargSais IINR8%tRd olne? Brgash BaPr ehisd she erejesuihehi ng

proj ectgl e 10Thengrstpskd Met he batde! fi20aany tiyee: DheMRhy SELSHONS;
breach 120, a ﬁg ?orci ng co%e 130, and a borelb?14i(;§ Bar r%l 110 haséﬁ?%%g
di stinct inneFPéfBfaced E&AFeSHRENFATPR &% R Rlchy girde of mekrk. stiehce

122 of breachas2@oparar ©5!dUing imvedd. fropeap abbugatoklindp Mdoryard
end 124. An |gggr,surf ce 01/ 06201 PCTI USOO 17302 10 142 of "bore 140 is

of a uniform bBPELFRLRE FXARASUERABLGH AP TIRE & et nmaFerhalBor Suctheas

ditaneter of thaerbbeatl abrt BRetAbpandraed.124The |RAIGEr ok hahahelee Shaapt er
144. Thus, an |nnerd:§;face 132 Qf.forC|nqﬂ§§ne 130_forns 5 a tapered cone

that coBnect sCFRAERIs Y ke 12an3F 1BRe &th 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



120 to inner surface 142 of bore 140. FIGURE 3 illustrates a cross-section
of bore 140 of FIGURE 2, taken along line 3-3.. Machined t?;lgm‘t ngbore
140 is a_plurality of rlfllng grooves 146 formed in inner urface i
Rifling YPIIIEP 146 general Iy begin at the point- where forEFﬁ@JSWH@°&30
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 inpart rotation to poprojectile 15 after the charge has
been fired and the projectile travels a?ong 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 |oaded into barrel
110, the 20 PPHEREPTeMaY fRP5t besertadrded oiBEeadti fil2ing THyoovsisect 46 e

has a di amet %hf@@@ltfa{a %te SB?Stéﬂé' af&tmﬁguaé?ﬂ@ by ¢j;pet & 284

Therefore, the projectil travel along barr 110 and Into
until the ob?laﬁlalf%‘%C’?eacﬁ@s d’eﬁ%ﬁlﬁaeéoﬁ@%{ﬁ} zhe yﬁPBQFlP@arOfZS‘Smmlm or

has an outsi dengigaeiLs Bh-thy SiBbhsh thancibeindi m%@@ at
the forward end 1 but | ar er t han” bore di aneteT 44. erefore

the obtdrat orwh%rhttéﬁﬁbnﬁo%. veBAed1 BEoIERs ot ur s vig IDeeAtESE neech U |
contact with jnnel-sitdacg,1321 8 HaQOéHte’i‘QéEﬁoh*ﬂ@s' ﬁébﬁggéotﬂagméaﬁrb@f

forcing cone 1 qrﬂE;nerally equals the outsid di anet’er he obt ur at or
At this poi nte23hky r damaggist up¥t ¢he seiSFéE@é‘ﬁt &eat oanAp BrRSSereacE, thes

stopping thespd &4 Cr%agss Thar eh Qi c ideaii tahrf UBeLraR B ddiEi dif aéa:Qng'T(OCT
2003 WO 01/ 06201 USOO 17302 11 obturator is to act as a ra

to prevent thee pp®jkiened midnPedaplodt MxPIRRekifglbore 140. Once the @,
projectdle has beegesiPPPRY. BoW' RS IFIRRES 4A-4C, an 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.



charge is inserted into breach 120 behind the projectile. 5 The projectile
Is then fired by igniting the propelling charge. A rear obt ‘rgtg{;‘[ 12803
typically nade of metal, such as copper or gilding netal. ear abturator
may al soR01462% i cated from suitabl e non-netal lic nateri aPST/USQY/KT303

t hernosets or thernoplastics. The flow of charge gases 10 created by the
ignition of the propelling charge creates enough force to deformthe rear
obturator and force the aft end of thelgroj ectile into bore 140. As the
obturator is forced into bore 140, it i'5 extruded into rifling grooves
146. The obturator serves two other functions at this 15 point. The first
function is to inpart a spin to the projectile by followng the spiraling
confi gur at i onOBEUrater| & Qr dovdsdess babsh@2sr gpasitiened avelonna ong:-dwr e

140. The ot heg, fegeti ist t Jgast | Y SRl thﬁ Ll grooves
so that the chgrge %aggs? ar eelc')l%stér uct ed@%‘gé?%%mo I(?)avcxllll&ngt 35?’#%%8 18
projectile. RBPBeFRhYYnewWeRsFeRt GURES the2 hone Jiamesbi oft ithe, cam, and

d i bed ab t t R Lectil 0.

ot ead, a "M Doty BB raror L1 CRrTI 580 LTorim Mol P I s
from travel i nfhe wtgarr o1 FARS2226r dov @ert@ ]l lnweper], twherhd heunbe) exft i | e
is | oaded intp;epardelyrLlQme JTOST g‘éfcah@% pt{}gé egghge,ﬁlt}pc{%g& ngh%ggﬂoﬁt.urgat or

seat 22 is positioned”in bore 140 to enab | oadi ng "0 pr
charge in bre@Eecue®. beheref dricinde obturator 2§énaieds ynotnhavehave ban -

outer di anet efx¢ AL tﬁﬁﬂobor@he309956QE%erI%ﬁé% q§0a9§38§g§8§§ﬁeai'axénd

di ameter of the m d-body obturator “is snaller than bore
since the obtRREHERLOrs pBHOKt itdHietl Tenrsone O babsr epkirmitegtd leali dHeody

WO 01/{6201 %3r35¥5%F%a}éfaEXéﬂ§92and 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



obturator may not be extruded into rifling grooves 146 through the use of
the forcing cone, as with a rear obturator. As discussed 3PQVP§LUQ@3,A .
function of stopping charge gas bl ow by through the rifling®g S
inportant“ﬁ’%ﬁ&%ﬂusing an advanced projectile. This is becaRSF/usawtr3az
projectile typically has an el ectroni cs package that can be easily damaged
by the extrene heat and pressure of the  charge gases. A traditional rear

obt urat or desi gn cannot be positioned m d-body on projectile 10. 10
Referring now to FI GURES 4A-4C, an obturator 210 incorporating teachings
of the present inventionis illustrated in front, side, and

cross-sectional views, respectively. Obturator 210 has a configuration to

be assenbled avaded dmtasits aedl Paorelt whiehbataredard dPreHd s68icidhe
obt urator has afnﬁkn Eo 212 shaped as an annular ring having an outer
surface 214 an8*i h®FnféPS surface 216. A plurality of tabs 228, discussed

bel ow, are positiorTad matwidaluicy natdmical & dbed LI B4 f @kee 2416 hASE HWO
di stinct. surfgggs. 20 first such surface is a curved surface 218,

Th . '
Curved surface 1§‘uls§rGrfEe%'ﬁ CHYFFEN HARPE HEHTF -an BFFSEnd U mRterial

obturatos 210.mibe ®¢ vasleutbasa thedtpndlidettedd er SMge8LuYasES TheXPaAd |
or "inflate" the obturator when the associated projectile is fired, as

wi Il be di scusB8HEFA 2530 eZFAC e tAMPEIR UHEUnAS 0 AR ML RES o2i ght
9B. I nner surhanér@d6dkytrieher Fahddnlaa g rand citdreer20.0 Mas® Belrisce
220 is configuged t o .cont act ﬁhrangzof t he asso Lﬁted obturator seat. As
described above® tfe-Breidn WAL hE PRI 181180 ROALEiRPSG thB the
obturator 210 bsrdelpdssefbie ttheibere ofid heddbeisr] MHer ptejbicking. rEQy(m
thisr on, the outer surface gf obturator 210 has a diapeter that is o
| ess thanh or 8%3%?%??§ee&ﬁgﬁmfo FREZBBFe [ERARAIESS (FRE B3P StOTFIE vy

2003 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 lose their

elongation properties at c¢old temperatures. These



WO 01/ 06201 PCTI USOQ 17302 13 Obturator 210 incl udes tabs 228 positioned
-around outer surface 214. The.outer dianmeter of all the tgfz}éﬁiii
‘generally greater than the bore diameter of the gun, and ﬁmgﬁred to

fit intQuéhfodabf ! NY grooves in the bore. 5 The nunber ofp éﬁﬁﬁ,
general ly gquaP to the nunber of rifling grooves. Because the ta s f|t

into the rifling grooves before firing, obturator 210 does not have to be
extruded into the grooves like a traditional rear obturator. For this
reason, the tabs operate to seal the 1Dsgrooves nore quickly and conpletely
than a traditional rear obturator. This reduces or substantially
elimnates the anmount of charge gases that reach the projectile S

sensitive e glealad LOLATNso | BaRRIR! {ife AU Eohb@ll . ReE! d’%e He0®

have a wi dth 15 and hel ght approxinately equ
respecti vel yba<¥rret1h§°a*s§6é‘|‘19ﬂ§d0f| timagwel bole £xdess afiliwhiaim 1sbmm t he

ngl ¢ Ceach Lab obBUAERD 8 RIS et ghel "0 ML S P RS A

angl e, each tab 228 on outer sur an angle
230 20 that pgrémr@ﬁlrm egaBnot o withsymndl thagipressutes creaited

grooveg ar oupgheNenlObein L QQ%n%EEQd'”?HErQEoEQe QHEBEahQEeE?QﬁQ %e%r]

I ncl uded features that assist 1n the loading of the projectile int
gun. For insténde nedimformedyaydieweveri ithel ¥%¥&59602%9s@étﬁﬁhaQSEUﬁhat

hel ps to gui da1the diabsel 80oh8eicaseerdkhad Eéfféeglﬁr cl‘%“sesabiflé‘gd'tto' on,
si nce obturat 210 is typically fabricated froma flexible matertal, if

the tabs are aGPQSFPgned with the rifling grooves when obturator 210

iMtially enters Rbﬁntfmanbha:ﬁélbéliﬂéohhﬁtﬁﬁl eghbre. Fibetd 224 of the
bbturg}or are conpressed t he ggOJectlle continues into the bore

of thé%un, the tabs "pdﬁﬂ' nt@F??ﬁPﬁ?oo € wWreATsuiapngtihty afi g&b8. 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



use of such "depressible” tabs allows the projectile to be WO 01/06201 14
Q@ T20 PCT/ USOQ/ 17302 | oaded into the gun barrel w thout ﬂe@ﬂ@ 2803 he -

posi ti ORyoQhoé2a¢ tabs. The material or materials used to fﬁ€ | cat e
obturator 210 ?rust meet certain requirenents. First, the f’gg?"éﬂnoz\s nus

be able to withstand extrene tenperatures. The gun barrel can reach _
tenperatures of approxinmately eight hundred degrees Fahrenheit, and
obturator 210 nust be able to withstandg this tenperature while positioned
in the barrel before firing. In addition, the projectile may 10 experience
bel ow freezing tenperatures during storage or when it is deplhoyed in the
field. Furth r.e, whep the., prqpulsion charge is ignited, there is an
extreme bui l ?aLE) 1%f ‘Bﬁgeﬁ@%sﬁr gai AT t h@gﬁbf‘E‘PéﬁapﬁtGﬁ ur¥ish 21mherust
be construct ed astanemat endtadrigl mpeeprksy Lhgerean 15 withstand this

ressure. Finally,; as,descyibed bel In_ conjunction wth FI GURES 9A and
SB, t he obturator Itpl’s@rogﬁ'zﬁ)lkiﬁ @Pp%?}%g%?icﬁbg%}’r‘?‘ﬁﬁe?baﬁ-ﬁl RIehévigiiflgne
grooves and dor shacéabetivaedocnhefpobitetdtd and t hoptararHf e Wé;e;[SUCh

expansion reguires, that.t obturator 20 gaterigl elongate one hundred to
t wo hu%dred gg)rr(r:neer?t ?lﬁ:nf% | FZ88 ft B 2The S&B‘ﬁbi‘ﬁﬁt CORRST ¥ r &g ding

t enper at ur esmeliagh pMeagumetalandmebe Itital rempagatiee,r aspdsedrafl they

ial elin th f terials. | 25 ticul
emboci ment oF {RE A SR0HE THVER F BN S GTTSRy 20918, | Srorpre satesdaple
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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



30 perfuoroel stomer or silicone resin. These el astoneric materials exhi
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tenperature of the barrel for periods of tinme well in excess of what is

needed for

| aunch of the projectile. However, silicone and

per fuor oel st omer cannot w thstand the pygssures created 5 when the gun
| aunched. Therefore, these materials need to be reinforced. However, th
reinforcing material nust allow the elastomeric material to retain its

ability to
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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
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
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
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
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,

h

be
but
bi t
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This conposite material may be fabricated using conmon nethods, of
produci ng conposite materials. Such nmethods 30 include, buﬂ]@r@C%dMQi
limted t fer nolding of the elastonmeric material on ry_fiber
pre-for m&f’)gg/lb%ra?transfer nol di ng of the elastoneric mat eri%‘l?'r’gjﬁ?%‘%é”dry
fiber pre-form and a vacuum bag lay up using |layers of the AVENDED SHEET
J.2 OCT 2003 WD 01/06201 PCT/ US00/ 17302 16 fabric material that are
pre-inpregnated with the elastoneric neigrial (prepreg layers). It should
be noted that other materials are available for the fabrication of
obturator 210. Obturator 210 may be 5 fornmed entirely froma netal, such-
as copper or gildin 'nEt€L% Nhng metal s nmeet the tenperature, pressure, and
el ongation pr YENG Stk sBUr 5B6Fe2 18nd 25Re Lad Mg taALed figy REGURES 6A-
construct obtwator 210. However, it should be noted that fabricating tabs
228 fromnetal may create, 10 j anm ngPprobI ens_during | oading of the

J ! )
projectile. The us&CATEHRPoRPYe tRAFHIHES yIAtiFt yEheEs A6t iddamtaanath
problems. On tdfiptdidier deragdral 4160MPASLEBoRBIEURRY Ot daXhiYs A% 5t GRY

as a metal obturator, and has a greater propensjty to disintegrate
premat urel y | PAGRETHun WG 5 14 t QT BtdR at ARG harossciareds anel
al | - conposi t e vica@oneaspaad iza13ddi t ppRakatekaldic et BYg beousesd
to inprove the overall_ stren %h of the obturator. Such a.(xnﬁiguration S
doscr bed bel G FEGGES U PBE3FRCLRRENRPFOI GiCkdries N IHAEs QREILRF o120

front and croswaiecti gpjurdtys, 4nespessi el saiff ddyWa1pardnpudir ak0ran
310. Obturator 3lq§%on‘gr_|ses a forward netallic portion 314 and an aft

conposi te por G 1Rgr WRRYLBSr 3N ¥ ESTanINEFRCBordibnandy May lpser 'S
referrad to aurfeid@rdi@nnurae inperanthedfic@niié ainklldes’ eMREisteinte

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



25 In the illustrated enbodi nent, aft conposite portion 312 conprises
obturator 210, described above, nade from conposite materi %z pp@ w of
aft co ?)iotlﬁ) gojrtion 312 having tabs 228, ensures that the ritling

gr ooves I8 ed when obturator 310 is initiall y cont acPE®/USH0/17362 30
charge gases. In addition, as described above, the tabs typically do not
create | oading problens when fabricated' froma conposite material .
However, because the conposite materi g% of aft composite portion 312 is
brittle conmpared C 2 OCT 204 WD 01/ 062 PCT/ US00/ 17302 17 to a netal,
there is a possibility that the conposite material will disintegrate
before the projectile has traveled an adequate di stance through the gun
barrel. For f@jarécﬁéééonmusbrwaitha'eaadl i theompiems 3B aaduttémgedatare

Forward portigpg3 pi L.ses. C gi Ldi et al r_any

ot her suitabl eH?retEglo?l\éAsﬁ?\n’{xH %gngésecmleggglg%?%w gghggﬁgﬁﬁtabre(? n%?%‘f?i c
portion is paRticader eker et theset hequiftemanty oovksutdatbrg 410 i vyl Df
the projecti{egh t | af rti i mnimzing the bl ow by
of 10 char geﬁé%géégs’%%‘?%ﬁ%grc%?%ﬁ ﬁ |sgcon t.agm eéo]]lg;%cﬁst ITSPPST ot
surface 316 9tldkagf oekadd portion abuts and conforms with a forward

surface 318 of afF1gERE 312. Jn LLEon, d; he 1Ll ustrated, :
configuration, ranp surfg%‘e J’ZL%O aofs?ﬁggﬂ%*:?glélp%& aimono#sgglgneﬁﬁcf:lilcule
conti nuous WEAWA AahpFEGPREcE 3wdtdf pamtes f braked Fordy ono Asl Midthrasap
surface 220,op@PatSHr 0 i sapfd e nf.ormw.th the ranp of :
t he obtural%r segtéyT%g%?n?éFac??on d%g#%n%eégr?gcég3foﬁﬁﬁ?e T w | |
e di scussed@HRPYY i Bhabn] dact Eormsid h i20dF| QUIRES WA mn&WFE adar ther ref e,

5833?{1‘3053 thR8) Sdéi1bnghudes An O eL 84T LBGG32¢ntnak i S qenerally o,
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.



Wi th outer surface 214 of aft portion 312. The forvvar'dm pvbrtion and the aft

portion are interconnected using an appropriate fastenerﬁ[g %@%&e. In-
the alternative, both 25 portions are not connected, but ‘ ed

adj acentwb@i/0is¢ another in the obturator seat. It shoul d Qe uafiEasd00d
that the aft portion of obturator 310 nay have alternate configurations.
For exanple, although the aft portion (and obturator 210) have 30 been
illustrated and descri bed as having an inside surface conprising only a
curved surface 218 and a ranp surface 2220, the inside surface in an
alternate configuration includes a flat surface 219. Alternate
configurations, 02 OCT ZO WO 01/06201 PCT/ US00/17302 18 including fl at

TA TG there |5 i FBEAEE SRR SRS R BHTEASS: o a iy FUGH Rings
of the 5 pregases nfehlowa ithd rontryed deyriumse cr and- 390id oORae FieWSis
nssooi at o prarast et e A, oH C A e TR R ERad6PREE - achivRdbody
412 shaped asuafacenilf erompmnyséavanygoan Keutem sunfiace sid ang edrizaner 10
Surfacs a18 SreransHE R Ut thad IR £1o% pRPeration fas adag 424
of obturat or be1Mtend zedper 3ni ewangile A tawoghenf susfatacd 418 aBea of
e s IR s Tl et o
FI GURE 4C)..'bl$doalf-t surface directs the charge gases '(':reat ed y\,hen t he
AR T R T e e o
a 10 30 has a linearly increasing 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



20 ranp surface 420 that generally extends to a forward end 426 of the

obturator. The ranp surface 420 is configured to contact ag ngC bf
associ ated obturator seat. Unlike obturators 210 and 310, obt%rat 20%0

does not WO A0 tabs that engage the rifling grooves of wpagnsyd/ 17302
barrel during |oading. Therefore, in order to seal the rifling grooves,
obturator 410 is typically made froma material that can be extruded- by
the launch forces into the rifling grooves (as with forward netallic
portion 314 of obturator 310). This exftusion is acconplished by the 30
"inflation" of obturator as it is noved up a ranp of the obturator seat
during firing. Such inflation will be described below in conjunction with

FI GURES 9A andin9Bealtn 223ddaté 08i stheselt Qi adonfurt M Clyi et YAk 1941 s
WD 01/ 06201 PETUSEO /17302 19 fabr i cat ed must R 265 68 or BGkee On
tenperature I‘ons found in the gun barrel, as described above. In

order to neet thesRelfeaMtthnmaimS tcpmmmm éhloaﬂdi' bB, t WRLGAld tk OC{J
fabricated fr t h ac as co per gilding netal. R?El%A I's a
schematic di agﬂiﬁ?g? g 2BPopBCEF) & °§’ﬁ‘owﬁsllﬁlPF‘GGREnl qﬁqurmrss@aokm
away toSill usbfaFEGURBEt BRAt OFIGERE 23 sEbl 8hel obRalratdr S3 1P SIIRPEHss

annul ar grooge hat s f I Nt oégn gter surface 24 of 10 proj ectlfe

10. As di scusS&d é%BvBosf'ﬁéOBSfiuﬁﬁ‘t FUFBLOrs segarted AnshgF FFHERE eP|yt h

of the projecillessnabeshathe tobtsrpostt iAnphantomhe ks phslifte gy When

the projectil oadd I nto the rrel for _firing. Therefore, an
obt ur at or (et?(%? uaFlﬁ ? Tt A5H° ‘posﬁggfl‘dﬁéac’}’n3§8at19229%?éFéP§§Fiy idoesbuts

ot ext end pa:sd>tsaffaxed24;d)f dbreupdopeckehe. 2Bhus, 1Ahei atle tht@fe S&E’Eelzz
ot 1 o oSSR e B AL RS 00 Y Yoty Slen
| ongi t udi nal witenshen ofiter 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




the obturator. As will be discussed bel ow in conjunction 20 with FI GURES 9A

‘and 9B, seat 22 is preferably l'onger than the |ongitudinalgy di Sk of
t he obturator. CbtuPator seat 22 has a curved surface 26 tr@ag %fr@ﬁgan

ogi ve shay@oaw62eh aft end 40. Curved surface 26 extends f rreywebAY30sUr f ace
24 to a ranmp 30. Wien projectile 10 is 25 fired fromthe gun barrel, the
charge gases flow around the projectile on outer surface 24. For reasons
di scussed below in conjunction with FIGJRES 9A and 9B, it is desirable
that the charge gases flow into and not 2@ver seat 22. However, when a gas
flowi ng along a cylinder 30 encounters an abrupt change in the cylinder's
surface, for exanple, a groove forned in the cylinder, the gas flow has a

tendency to sqmesineg frhEndbmursagdnce 1of atlda tadn Nndee 8Bdcuidaw QM??a&%Q
groove. 12 T 2 %#I\Ql /06201 PCT/ US 7302 20 Due to the shape of the
curved surface g% He 11 PO | SURERREE UFQ BN seBtWAKE 2B us

the flowis diakst22Biate erafied2inl bha pAfliiciy ajrikas gemihs CEEy@dre
surface 26 co 'lﬁgess a ar nan cur.ve, . but_any curve or ot her
configuration t éat m n}-'ir%ggeslg fggﬁ/ E&54r atFoP N bRS UG ARRCupptor
exanpl e ©f an®@¥Rarimndes wdar amnea tehvellisnehrongletheabokg &FapRé eéun.h
simlar to ra i b - .Curv urface 26 termnates at the
ranp 30. The ;%nr%%el 0 ’haggg ??{hg}é\"r‘sﬁ?q fcr e %ﬂ%r‘gi Bﬁé‘i;éfmt [Hat? foRHEES
cone extendi g€ r BeFehe comprisingf ddes | porheon | tist redtamhdeembadbmetie

ra 30 ext ends; wa 2 . (o) Lh. FI GURE 8A has a
rrEral ly srm%ts'l'rftlgl?ra"f ??edeﬁ’lrér% a%ll)ltc eerQ Séﬂggﬁtﬁgl %“?’&%Wé?ﬁa ' BAEHRS 8B,
the surface 1%%f thpe ¢hapgeagaser tbsouthsethet i viEl g t lkatooaies .i nclimed

towar dg  or wargidsdlilor32. i Fhesfe SEohBbLPPE WAOWILE 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

3

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



obturator to slide up ranp 30, but inhibit the obturator fromsliding back

down the ranp. Such serrations 34, or other nethods of prev@%w?,, i@%
obturator fromsliding down 20 the ranp, are useful to count t 8df or ce

of frictVUM01/@E3M! i ed on the obturator by the bore of the guyerHaadwsysnas C
the projectile travels along the bore. Such retraction by the obturator
down ranp 30 results in a degradation of the seal that is forned by the
obturator. 25 In another enbodi nent, the seat 22 includes a flat surface
(not explicitly shown). In such configuRadtions, the flat surface is an
area of generally uniformdianmeter between curved surface 26 and ranp 30.
A flat surface is included to conformw th obturator configurations having

a 30 flat surbbeerbteeh as fhobtneuaf acs 200 idtdsdsdiad in, £ 23
6A-6C). The functigré%aof curved surface 26, thde otto%g'sur %lcée%ﬁgr% 36,
®C%n

and forward wal'P23 GOt hehej nPEPAEELdde -of t FéTélsulyaceshei t bitheody

obt urat or di spbsae#afoZsOGE 2663 62 0Q4d7 [, seat .22,
are di scussedpi. gégggjour?ct ion W t%\QEIQ%%ES%%,Ag%%?Q%?éRég%rOrZijsr%dl}m\s\?t S%e
;8b

FI GURES 9A anf* BEPRVSS 3 B ST FRRBRES SAtawe BB iaf stivenoptsiratoned
in obtuBator $mab 2Re Grefod<ORE She ELCHRE R tHuVed Q‘f’f@f}%&%gﬂ?{io?’%gei n

Cross section 8sitioned# n the obturator seat 22, and Fl
i | lustrates tA&°BBEHr at o SN YSHant YRER n84Cho PR BFRECTS arr uisedr awdth

seat. Obturatadvadibells posétoNEdsn, sPibiniAgt 2T inedd Hed S}Qh'dri%%r A§8t
22. Initially, the 8uter 10 surface 214 of aft cqnposite portiton 3I2 TS
general Iy f1u3RSIRREn ¢ MUt &7 DECPNSS 2dVanged| erollestid. esTatyp eslly

extend past ohbaee stiihace sk anguidhfckhe dydddild JERAVES 5re0f 183 JUR,
barr el 10W“len é@gbﬂggguggg charge is ignited, the charge

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.



15 gases flowrapidly up into the bore of the gun barrel. In mzﬁé)re of
the gun, the charge gases flow around outer surface 24 and th ﬁﬁ@
rifling grooves. Wien the charge gases reach the obturator seat and the
obt ur at or, é?g %ved surface 26 directs the gharge gases into the 20
obt ur at or 83781 charge gases then contact the aft portion 312 of the
obturator and the obturator is pushed 3brward. Aft portion 312 is in
contact with forward portion 314, and ranp surface 320 of forward portion
314 is pushed up ranp 30 until the forward portion contacts and 25 stops

agai nst - f QMEATISMGLADIED ISAs obt urat or 310 noves up ranp 30, both portions
312, 314 are forced to expand or "inflate." In addition, the charge gases

al so contact curved surface 218 of aft portion 312 and are directed

i nward, resulting in.the AniobhigdtoXaRSrefec@e lalifictRlit fromOa Pt barel3A4d AS
the obturator expands, the tabs of aft conposite portion 2 are forced
into the rRreleptily havingas annulps gpgve with\aeshaped) surface, the anmtaragrooveiocated

char ge sga v ¥4 LQQ@EO U 2 22 passing the
obturatsorﬁﬁﬁ%%%ﬁf%\klgggé'%éo@at%{rve éﬁféga[%é‘é%}g%@%d 218, aft portion 312
continues to expamdulattmghdviag antindes sBABceninecoataet edthi the tshepedisutfacegoftheoves.
This feature , ensures Ehat a gas,seal is_.nai gtgi ned.as.the obturator

exper i encRNYAL progye of the projsetide, the ine, syrface|of the ganularding comprises 8 gaRVER e,
the expanssuffacedéxtéringPfrémROfirsi §1d otkfte Gt Ting! 4 dPRFighred ARt RINGWIOT
portion to extrude into the rlflé{d%]dgrooves. Such extrusion also mnimzes

t e, passi rigsesginto the appular grogye &asr Rxpanc they annplap gingrin dhe bore of the gun

3

addi tign, Hatrel, %ﬁ?\%@?ﬁ%?ﬁg?ﬁhggﬁ g%ne %{.\%yﬁmp%t ot giﬁ'?acefoﬁthg a&’l&gr ;_ngar d

metal portion partially seal  00Ves:
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.

DAL01:623736.1
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The constant outward pressure that is applied as the obturator sli ges up
ra 30 al so enables the use of 15 all-netal obturators, su at or
4lgpi | lustrated in FI GURES 7A-7C, that do not include t abs. ﬁ?aﬂﬁfrfﬂaﬁ

of such obturators is extruded into the rifling grooves by .this outward
pressure, 084578.1091f orwar d section 314 of obturator 310. However, without

t he presence of the tabs, 20 the charg&S5ases are initially all ovved to pass
by the, obturator until the netal is sufficiently extruded into the
rifling grooves. Although only a single configuration of obturator seat 22

correspondi ng %60 ObiAw ebtafatct1fdr Iasprojel:ﬁré%me&i frdnh a \t'\%dﬂdlbff éum&”p?é;gaﬂet hat

the obturator seat 25 may be nodifi'ed to conformw tent ‘types of
obt ur at or $12Wng 48 dnyangropyeyith r&ﬁhﬂpwlgf?éiaeth@mul@r prevelvcated sybstantialy

Fur t her moLe, nAg bsdyiottid Bi?gfr'e?xfoF@u A’ﬁ&%ffg ooves are typically used to

I mpart a spin to d ungul This spin is usually inparted
by extruding aarfeavard)lannulatnmg hduangmsaﬁrsurfamj ah dntdresuffaey cCdontaet withahé he

riflin r xtruded obturator i.s un,as. t travel.s .t hyough the
i r a0y PR Sunrack 18 B o e S eI dng oXith hg-RiSieBr s b

2003 V\D Obéﬂazﬁioﬂéfrduusmn%ﬁ&zt with & frifePéuface SfﬁfBb'ﬂéto?%é SinlagrePr 0j ecti l e
this spinis |nparted to the projectile. Simlarly, the m d-bod

obturators of fhé rﬁ“@%‘é’hfmg hoving aderveard suifacs lgrmntalgt/wgthéhe aﬁt fsunfaoé ofrtheves,
o Sobe e 148 OR3P B
w=t.h  advgreoad qﬁrtb? prjedtids;, and,pwnthlthg prajectile titn ke gemlbmeld anwuterdsnsﬂaéeﬂx This
It rs%?eg@gsgg% \{Qrsgﬁnetgep eurI'alcle gfthe%gre oqjdlé/gunht?a\{'reelf I ﬁs and gui dance systens
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.

DAL01:623736.1
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10 stabilization. Therefore, an obturator, such as obturator 310, may be

‘decoupl ed from projectile 10. Such decoupling is acconpli sh% bgwg @ﬁ‘s ng a
| ubricant, such as a dry-film |lubricdnt, between the obtura 2 e

obturator seat. 15 Because the obturator is not affixed to the projectile,
the spin00#5THbt urator as it noves in the rifling grooves is not
significantly inparted to the projectil2 Instead the obturator functions
like a slip ring and, when a dry-film lubricant is used, inparts a spin on
the projectile that is 20 only approximtely ten to fifteen percent of the

rate at  whichjhe aqiyeiobairstbr bSCIER BM¥uRfer c%':ﬁﬂ?@ﬂ&fh lﬁéhw @ﬁs%ﬂ&taﬂtf&“?”t ion

and its advantages have been described in detail, |t shoul'd be understood
that var iasiabexpagdingtabs pesitoriedardundshe euter surface of tho A8 anawabingleceges

therein w; t n 0 pr esent
oeet | on BAYH ?,gﬁgg,g{fﬂ-m}@%%{oggé&eé;%ée? i pERYeRER pabef 00 BLESCN 01 24
WHAT IS CLAIMED IS: 1. An obturator for a projectile |aunched froma gun

barrel, said rojectile having an ann | ar ove with a shgped s rface
the anful ar grg dve I‘ABI:%W%’&‘“@%“UHQF%IP k}gégmaarmhﬂ&&& SHGPEVPIHE of t he

projectil %avlﬁgfiﬁ&hﬁilﬂggro@% iR Y kiped sitdaclathe BEmAR %IBG@‘J logated afbBtahfialfiONt act
wi th the shaped surface of the annul ar groove of the projectile, the inner

surface ofat & mid-hadylogation efghe prejactileecoraprsingied surface extending from a

first end of t | .an | e ses
into the annul gﬁ g%@?#ﬁ%&%&@ggx% gheggaginﬁ' & 3 %ﬁédlérzl&agéogore of
t h_Q gu n 1Gnindar goovedithe pidjdrtild) andyrvajtethe iprejedtile inthe@un baael, eh ouensurficer

su of t he annul ar n contacts an_inner surface a bore of the gun
ba‘r{ eIl aff e AopR aﬁ“{‘ﬁém?t%‘g?éﬂméf’ 6%0%%‘?%8§ﬂlet%‘n(i’l‘}ﬂé{’ surface and the

outer surface @fplidBty Hiabtatiall) AiabRSARAS taak b¥siBontal Sold B 68RFASurERe
radi al di stance betvveen the shaped surface t he annul ar groove and the

i nner sur foh¢he amulay gingde engdgetinte ayplurabisy pénﬂatg groovesdormeshin the borg of the
t hereby r %ﬁ{‘%&&[ ng; a fl ow of charge gases froman aft end of the
projectil a’

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
k) 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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forward end of the projectile as the projectile travels through the gun
barrel. 20 25 2. Canceled 3. The' obturator of Claim1, wherein the curved
surface conprises a von Karman curve. 4. Canceled 5. The obt u?ﬁo@ﬁ)fmﬂﬁ_.aim
1, wherein the annular ring conprises a material that extrudes into a
plurality @94578.109Ing grooves formed in the bore of the gun barret when the
annul ar ring expands. DALO :623736.1 20 2 T 2003 004578. 1091 25 6. An
obturator for a projectile launched froma gun barrel, said projectile
havi ng an annul ar groove with a shaped surface, the annul ar groove | ocated

substantially @& a mhe-dpafitotr oF T14ifN 18 fukther BEBpSsihg | & fofPdFlanfalas rind
forward annular ring having an aft surface, an inner surface in contact
with the mBviBaped surface of the annul ar groove of the projectile, and,

wi th the projecjli | . . . ' iL.th an
I nner surface c%] Aé&%osﬁa(raftag‘fmtg%taﬁggﬁ%gb?é ;rgﬁ&a t&;{[ﬁ%%%ré% gg %#‘neglea
forward suyrbjectileimthe@ohdatrelpi th the aft surface of the forward annul ar

ring, an inner surface in contact with the shaped surface of the annul ar
Gt oove ot the gRopae rlace S ortaat it e Bresoaiare of g g EGe &l e an
outer surfRgRctls; and0 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 o aftrurfaes in contaol with theradt apnblor Bing.i al |y equal s or exceeds the
radi al di stance between the shaped surface of the annular groove and the

I nner surface of the bore of the gun barrel at at |east one point, thereby
restricting a fil7ow A prijectitefoy machifig fromangaf iareh dombrising: proj ectile to a

ety o877 T ol B Vel wara ek Sl B PR of i g "
conprises a nef globhGionBeshtR coapidith théphylsasdghient bAd 16AMHEAMoWER] & aft
conposite material. '
end of the projectile;
an annular groove located substantially at a mid-body location of the projectile,
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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20 8. The obturator of Caim6, wherein the inner surface of the_aft - :
annul ar ring conprises a curved surface, the curved surfacl &% £ nt 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 gunon‘af’Fgép.m 25 9. The obturator of Caim8, wherein the curved i
surface conprises a von Karman curve. 28. The obturator of Caim®6,
wherein the inner surface of the aft annular ring conprises a ranp surface
extending froma second end of the aft annular ring to enable the 30 aft
annul ar ring to2@xpafhkk arajectite af Claiedfpmdierein itlearphaped tsuefacepfilthe agmdave as

the aft annular ring noves toward forward end of the projectile.

DAL 01 623 7EOS Comipishs o me, abigiired 1) $ebardl g SDUTaoh A% ohe @S ParEL a5 e her
conpri si NgoktuRtotmadviel YovidrdsStHE Fdrdvakd @dl of thédpropectiRxt endi ng tabs posi ti oned
around the outer surface of the aft annular ring to engage into a
plurality of rifling grooves fornmed in the bore of the gun barrel. 5 12. An
obt uratpor for a,proj j . . i ] P
naving an annui 2 gr SRl ath 20 el the Rt Rlrne? PhelpiieBlaiibualiy,
subst ant i adf serratibnsafonmeld hlody theoaaipi and whfigired po preverti the obtupatpr fremrslidingn af t
annul ar ring having an inner surface in contact wth the shaped surface of
t he annuldol‘g"rbﬁ’ﬁ ng'of the projectile, and, with the projectile in the gun
barrel, an outer surface 10 of the annular ring contacts an inner surface
of a bore of the gun barrel; a plurality of substantially axial extending

jt‘_aﬁsﬂ pos: ti oned2%r ouhe lpfpéecéklﬁ ef Qaint dde wWherein ithe shapad surfacmof the anadere N
i wiil of Y Yorbrides & pliP IR B 4 BTEAd oF dle il Brdtve sHE coftitioaftsl ©!

surface of restnet the mavemehtof the sigutsrsowartdithe foywardleal of die prajeetilds t he radi al
di stance between the shaped surface of the annular groove and the inner
surface of bore of the gun barrel at at |east one point, thereby

restricting a f3pw ohnClbRirdRr 965 & Srbjeltile Ahurithéd Fdth Qf g BafPdIOMRChiojeRtited 2

forward end of the projectile as thHe projectile travéels through the gun
barrel . 20having ahannuilar greaverwigh a Shapechsurfacenther ainplag groovedpcateshsbatantiallyl y

fills I £l r i the projectile positioned in the
(LS B, A VRRHB doldbh oP e B0, okt
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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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 annul ar ring at an angle substantially equal to an angle @thmT?'b i ng
grooves in the bore of the gun barrel. 15. The obturator of Cam g )
wherein t hppggrmgoar ring conprises a flexible material such-that the

annul ar ring conpresses inwardly when p%si tioning the projectile in 30 the
gun barrel and with the tabs not aligned with the rifling grooves of the
gun barrel. DALO :623736. 1AMENDED SHEET a' 2 OCT 2001. 004578.1091 27 16.

"The obturator ,of Caiml12  fu er risi a forward annular g£in
havi ng: an out ez(r8 surﬁ‘ Cog{ifrﬁto&;mdg%{n %D e{%ﬁﬂnﬂ’g}’&gw&%’p&?eﬁ ﬁé{’%‘@?% gun
barrel w tahnil&ering hayieg bh bft suffade) @n Gitier baificelin contact with ¢tie sHapédPagface of

contact with the sha ed‘eﬁs1 rface of the annul ar groove of the nprojectile;
and an af thegnularesrpove-ofths proigetle, ande with; the projeette in fae gury barrel,an outer | e

for | aunchyj ; hSi e .ocat ed
toward 5 anace ) SEhAcit et sufDBE i Uik of 19 ofin Bl B B AR HAED! T
payl oad sduymhartcompdisingcant aftl ammver dnghavdhg a forwlardfsurface pr oprgadtiwigh thenaft
annul ar groave lqQgcated substant.i ally at. a m d-bod ocation of.th

oo ect i | Gurig i IRERRRASHRLAE B ety SrBiepdanis P Shabed fee ot o
havi ng an tenanduidr groove 9 the prsjettile|einds withae projesiiletinchie gt barkélean stirped
surface of the annular groove of the projectile, the shaped surface of the
annul ar  §HRRFAD COMBF m&“ﬁlﬁf%‘ﬁfﬁ"%ﬂ??“ﬁ@@“c‘lfﬁh? gunbarelo direct the flow of
gases into the annular groove to radially expand the obturator in the bore
af Yy he gun barrel, and, with the projectile in the gun barrel, an outer

surt ad@ of the 2dnnulThe abturgtor ofiClaims2@wherinethesforwardeannhlar 2idg xoinprisesod t he
gun barrel; d erein the.radial .di stance between the inner surface and
the outer “%‘iﬁ?qﬁag\ﬁa@%‘ra?%f’e&‘eéﬁﬁﬁ?‘ﬂ?f?ﬂ%‘é’%ﬁ%ﬁ%ﬁﬁf%‘?ﬁ‘ﬂﬁ ?féﬁl's or exceeds the
radi al di stance between the shaped surface of the annular groove and the

i nner surface qof the_bore of the gun barrel at at. |east qQne .
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

M:; the gun barrel.
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point, thereby restricting a flow of charge gases froman aft end of the
projectile to a 25 forward end of the projectile as the projectile travels
t hrough the gun barrel. 18. Canceled 19. The projectile of d abr‘Q %T 2‘003
wherein the curved surface conprises a von 30 Karnman curve.
DALi 01: 623736. 1 AVENDED SHEET 0 2 T200 004578.1091 28 20. The projectile of
Claim 17, wherein the shaped surface of the annular groove conprises a
ranp configured to expand the obturator in the gun barrel as the obturator
noves towards the forward end of the prgjectile. 5 21. The projectile of
Claim 20, wherein the ranp further conprises a plurality of serrations
formed along the ranp and configured to prevent the obturator from sliding
down the rang0. 10AZ3btufdter for ajpesjettile Ifinchédfroinla/gunbltd] Qid fidjeehRARYing an
surface of the annu] ar groove conprises a wall positioned at a first end
of the HHHIBF &FoqyeoBil asharedosirfases e angular ggaqvedocatpd sulslantieHy ab midebody
obt ur at -ar . of the projectile. 23. An obturator for a
pr oj ectliefaetfoﬁ\ggﬁl%fggﬁﬁl%hggﬁ%an yarrel, the projectile having an annul ar
groove with s @maledng baviagen inhe sarfacd mrcoptaso withl the ahapdd Sulfadeasftthebhyularl 5
at a md-body.locati.on..of .the projectil conprisi.ng: an annul ar rjng
havi ng %ﬂo‘fenﬁgrﬂ?es BF‘?JE% & W%‘Bﬁ%aé‘ir?%et?fp’ﬁeagﬁ%feﬂng JoPEEeH A ‘E‘H’éed AWrfegear
groove extenldlify Bériacfisi i oftthe ahM& risd il P Rlirdde dRBLHNR oW &ggaﬁseé*gﬁé 9
n

a shaped surface extending froma first end of the annular ring and ‘
conf i guAnadlar gragve de radiplly expsnd dhe agrarsring,inthethore of the gum bawsleand; wittditel | y
expand t-ur, ' h h rrel. 20 24. The obturat ar of
aqm PAERER 1A i bl BT sBtnde 5t M Bab et Bl ORuabfian R 8H458 P
obtAir atbore of th€lgan bar2d; skder ei n t he annul ar ring conprises a material 25

that extrudes, into a rality. of riflin rooves forned in the bore of the
gun when t hée¥ h%ﬁpd?%faﬁw QB%E%‘H% betwgap die 1Bg§%§ﬁfaie 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;



| ot SRR

,AMENDED SHEET 2 OCT 2003 004578. 1091 29 26. The obturator of Caim 23
wherein the annular ring conprises a forward annular ring having an aft
surface, an inner surface in contact with the shaped surfacerZ ngﬂhé[m
annul ar groove of the projectile, and, with the projectile in the gun
barrel, an outer surface in contact with an inner surface of the bore of
the gun barrel, and the annular ring 5 further conprising an aft annul ar
ring having a forward surface in contact with the aft surface of the
forward annular ring, an inner surface_in contact with the shaped surface
of the annul ar groove of the proj ectidk, and, with the projectile in the
gun barrel, an outer surface in contact with the inner surface of the bore

f t heargafpari ind a f. Olai in the f d
annul ot 117G conel St PRIBIRALE] opfiy Wif iR AR sutEe Serhe e gt

conpr '8 2 1ekssBEheecinmantact with tAE shabed sofide o1 thE amkull HoBVLar thfelsﬁrsfééﬁle
tially axial extending tabs positioned

conpri.sing.: | .1V subst a

aroun !fi hglltglﬁl?éeéy o@e ﬁb#‘%{{}gﬂ%@l{ ﬁaé"'eg’rﬁﬂﬁ‘&?r surfage inocontaghwathi the tnned Surfacplofitted i t y
of ri fhoreof the gon darrélpaned in the bore of the gun barrel. 29. The obturator
of Claim 28, wherein the tabs are positioned around the annular ring at an
angl e subst’dEss|thy radialadistance; hetaegh dhe fnneh surfadel amither aawesirtick g theotag of

th 3 6 . -4 fl .0 2 2003 30 30. A
obt ur AP iy subbAbI AR or oxobdd oS 3l distincs BFusen thehgpedt trfiee of the
havi ngnaar gieaué and thredoner surfabe af HeaReel of te @ffbartdl Gt Qf‘féﬁét?&ﬁﬁ{@ﬂ%é@l’%&at ed

subst Lally a md-bod | gcation _of the projectile, ¢

AUl gér)sh?cﬁ}r?& %Z(??Vn@fn gﬂargﬁ %FessgP’Fla@b aftrendoof thet prajectilet toea shewmd endrdfathe of
t.h apfujécaileagh@@i/d}‘e&fleirﬂﬁ‘eli)ﬂ!?&?éﬁtthégmbﬁ?eli nner surface of the annul ar
ring conprises a curved surface~ exté&nding froma first end of the annul ar

ring and configured to, direct the flow of gases into the annular groove

to radiallysexp lar ring in the bore of the gun barrel, and,
with the %?'oj eg?ig |°Ee’n'?%tg{] ﬁg"&‘dﬂ %&8%*1"} the-forgerdr angler zing commprises amrataltic

ring meteriabrl tha aftanmulastinig 86BpBiesa cofPoSitdhaleigl, gUn barrel ; and wherein
the radi al di stance between the i nner surface and the outer surface of the

annul ar
35.  The obturator of claim 4, wherein the inner surface of the aft annular ring

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.



ring substantially equals or exceeds the radial distance between the shaped
surface of the annular groove and the inner surface of the b@;gr@ g@ gun
barrel at at |east one point, thereby restricting a flow of ¥ - gel¥es
froman aft end of the projectile to a forward end of the projectile as the
projectile travels through the gun barrel. 31. The obturator of claim1,
wherein the curved surface conprises a von Karman curve. 32. The obturator
of claim1l, wherein the annular ring conprises a nmaterial that extrudes
into a plurality of rifling grooves for3d2ed in the bore of the gun barrel
when the annular ring expands. 33. An obturator for a projectile |aunched
froma gun rel, said projectile. having a annul ar groove wth a shaped
surface, th annu@’él”gﬂﬁ%&/@r PoEEEe &9& Red from 3 gnnhareel, sal praiggtile haymgianon
of the Ringiaf gtddve, witld Ahased flirfae,| BE¥RhH1aR BRIYVR Todi&l skt 'ﬁgllyma* erhid-body
surface, an inner surface i.n contact wth Che shaped surface” of the

annul arloeptionwé thefprojestiles egmaprising:, and, with the projectile in the gun

barrel, an out rface.in.contact with an inner surface of .a hore of the
gun bar rel s 4 5 el RS Hving ol iy Abirshe ", SApRS oT G 1 FrsPo St ot 1
cont actanwiilahgtdo®e af theprojearile, fid, With thoprofictleAinibe gfin birtélJan Gted SiRfake SFHeaCE
in contact, wiith the shaped surface of the annul ar groove of the projectile,

and, wiadRulaRENgontacts ap mmersurfage gfid bergrof dhe gunbastelier surface in cont act
with the in : r : . . |

ol i st Aty SES by off'eSrcBlireBs B AAES Boundl e Y18 Sific} BEne,
annul arannulagrisgiiyss¢rmage fitd g phuality of riflirexgreeds foimeedriadhabordiof thengum taatlaad

thd shaped surface of .the. annular groave and. the ner surface of the bore
0f9t he gun Shereif th radial Bistadpe ﬁ&eﬁfgmlynﬁrﬁerféwni § OMieE sunfepepfitheghngiar

char ge rfipsabsthitilyaqualt or 8xtedy tht P53 R Ritttdei Vebnded the SIRIpLAKEERD (e Abtfilar
projectile as the projectile travels through the gun barrel. 34. The
obt ur atgspoverand|the ingr syifase sif porehef the igwa bdrrelnatiat deast prepaintthdresreatrictinglal i ¢

[ I ' i i ial. .35 Th
ot ur e Ot Bodps TRA A HbRRBIIETNe T A TR SR B L e °
conpr i pesgjectile tavelsltiaoudlathe guh barelur ved surface extending froma first end

of the aft annular ring, and configured to direct the flow of gases into
the annul ar groove to radially expand the obturator in the bore of the gun

barrel. 36. 4phe offebhirafor BF clbin?l 0N veher® @h& b sBstaritial§ 4118 Uh 8GRIt Teiing €S

a von Karman curve.
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.



37. The obturator of claim4, wherein the inner surface of the aft annul ar
ring conprises a ranp surface extending froma second end ﬂ@‘t%ﬁ a}d
annular ring to enable the aft annular ring to expand arou 2a T 03
correspondi ng ranp of the annul ar groove as the aft annular ring noves
toward a forward end of the projectile. 38. The obturator of claim4,
further conmprising 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 fornmed38n the bore of the gun barrel. 0 2
OCT 2003 32 39. An obturator for a projectile |launched froma gun barrel,

sai d projectile Vi n nul roove wWith a shaped surface, the
annul ar gr obde | g@ﬁtogg"%%%@iﬂﬂ ’|ﬁ3“1a°5 C_amﬁflamsao@rwaréeawlermlaﬁ qumg:_
projectile, afQuRE kirfdtd in 8bntadttwit WAL irffer Eﬂr%e%?‘ﬂié%r@?gﬁ g?ﬁél vﬁﬂ{p{h@ﬁ)go'%ﬁlg

contact with the shaped surface of the annular groo the pro
and, win thetgmabgrelectile in the gun barrel, an outer surface of the

ol ural ity oft St A B phRATIwiR bt Aikaf ekt St enel ot A Pl o

surfacendf the annular ring to engage into a plurality of rifling grooves
foamed in the Qore of the gun barrel; and  wherein the radial distance

bet ween t he 2P AH&Rriassrin sentaghwith the afanarlastingace of the annul ar 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 a#4l eagtprojestiledontanneting frby a @st bared,icompaisinfgt ow of - char ge gases
frym an aft _end of the ojectile.tqg a forward end of .the projectile as the
proj ectile ?P&%@?‘isetgm%lg&‘fhtteﬁémﬁﬂﬂ a&%‘i"Y"é&?&@B?thﬂP@JSﬁllﬁ% ator of claim 10,
wher ei n each grégul&ed ségandst %bh%le& kd e PY1RASRERhEshd idchieGowsHi0ORYV SR Whd Brt he
projectile positioned 1n the bore of the gunbarrel, thereby restricting
the fl 8wmseiectiliar ge gases through the rifling grooves. 41. The obturator of
cl aim 10, r.ei i t.Lon I e _annul ring.,at_a
anal o subst Anerafe Bbeh e gL sRABRRY ¥ a Rl Bhay REAPTR The PROPSE of

t he guanmhdarrgebovedidvinptaeshapédsunface; of cl ai m 10, wherein the annular ring

conprises a flexible materi al uch that the annul ar ring conpresses
war 'y wih@h FEERPT BAVAG A emyles e MIb FmineRe Suepeoar Fatact Rt ghe hapd

tabs ngirfRki GNAR Wt 5 o(nj:l ‘;SJ’fi 16 4 jRoveS uyd sﬁéb%dgélﬂfale@rcffegxe QnuflrTo0808 33

43. The obturator of claim er conprising a forward annular®ring
havi ngcomprisgataceursed serfasei gonfigueddo diteththehfow nfegasssiitftadhe afimtliregioove tgyun

barr el ra\%étlf} éxrfogmp e gb%r'akoer 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

t he annul ar groove of the projectile; and an aft surface in contact with
the aft annular ring. 44. A projectile for launching from a@@u@@@aml ,
conprising: a payload segnent |ocated toward a forward end of th )
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
the projecti Ié, tﬂﬁ shaped surface of the annular groove conprises a
curved surfat® cohh$ FiRedile of filaiae 5, whemeintheoshaged surfhent of theeannwiarl groove
groove i t t I . t un. barrel

and, " ai {upriRSainb OHFRALA!D exBakd ] Miunafdr ) B bllgel S3nd PP Foves
annul ar tomards the farwatdseraofitheprojestitd 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 t he ghapethé pidjedde oF d in HeONUHD It ?ﬁﬁ,fa f
the bore of, the gun Earjrel at aa?ﬁl gggﬁhgﬁg g{gi nt, %ﬁ%&n{?@gﬁ? ti ngﬁﬁgp
f1 ow of SsERtiPRifogaed along dhe rammand condiguredith preyent thetabturaton front slidiag dowen dheof
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 projectile of claim15, wherein the shaped surface
of ¥ he annul grQove .coppri.ses a rang@_c,onfi gured to expand the obturator

i n“the gun br el 1B Proiestidh of claimy 1 3oyherein; hgeshared merfacsy ofithe anmylastgroons

proj ect i reqtdi e i i lm’ggl. t .

conpri s(?gﬁ) z;l Sﬁ%ﬁrﬁ???ﬁg‘%&gsﬁ rar gﬁ Sfr;]i %F (@%e%u%g%gbﬁ%gﬁp n%y{?o%g ilhgclt.l Fl}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

restri ;:jt I t he49. movameblurstbr for@ pR6jedtiiBlinched\Boh 4 Ben barvR it HRBfctle HaVfig an
rojectile

proj 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.



‘49. An obturator for a projectile launched froma gun barrel, the
projectile having an annular groove with a shaped surface, the annul ar
groove |ocated substantially at a md-body |Iocation of the r&-&e%" je,
conprising: an annular ring having an inner surface in con0a£ t he
shaped surface of the annular groove of the projectile, the inner surface
of the annular ring conprising a shaped surface extending froma first end
of the annular ring and configured to direct the flow of gases into the
annul ar groove to radially expand the dbturator in the bore of the gun
barrel. 50. The obturator of claim 20 wherei n the shaped surface conprises

a von Kar mag, cur 20.wherein the. annyl ar r| ng
conprises a mat e?ﬁ%f)gtﬂlﬁat%—p %ﬁges |n the %Hr'}?aélrfrfgycc@?plﬁef Iaiefﬂ 3

f or medring havieg baraft eirfidepay ummer\/rs&ffact&ﬁa abitatlt atiell theeshapéed!surfacé o? t@'anﬂn%r 35
52. The obtu %t or .of . claim20 wherein the annular_ring conprises a forward

annul arooYs AHthR RYAIeRjile, nds Wit therpipiectilg in thergun barrel, a8 Quter serdace ar contpetvitthe
shapedgp Hﬁ]feﬁﬁﬁ‘rf&fe dfhiie %%‘BP'Ehe Béﬁ%eloan& P{% Bl £ G r%ﬁqh@f‘ﬁ Bhidile Wian
pr Oj ectile in € gun barr el Ut er surrtrace I n colrtac ?lﬁ an- | nner
surf ac@n@iarmc hbmma aoforwird sgtfacebmrqoata,ct wrtti théaft aunfadeanf the foywhedr drinatar ring,

conpri f uI ar. vin rward surface cont.act wth

t he af%l is?%r'?gg%c%fmf a‘ft(}y%h’(‘fgsg e(ﬂ faF? ﬂ the %{Wufaﬁr%‘?ovﬁﬂﬂaﬁyq]?f’tﬁ%ﬁpgct
Wi th twith seapeféctilerih deenof barke AR AR \On kbt WHE tRY Bh&Curfabe offhd 1boréN' th
t he pr%{}ectlle in the gun barrel an outer surface in contact with the

i nner fbe gerbarelt he 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 conprises a conposite material. 54. The obturator of claim 20,
further conjd.i si ’ﬂly: abtptamradf dlaimo23 shbreirathiei fatward anhaler ring com@ting 4 metallic
posi ti oned @F’%L{F Ii% uter surface of the annul ring to engage into a

pl ur al P2 ¢ @FJ&&?@R{F%GC?W?%%P@ of the gun barrel. 55.

The obturator of claim25, wherein the tabs are positioned around the

annul ar rin at_an angl e substantially equal to an angle of the rifling
groove in t boFle ebturdter ofuplaiyar20efurther comprising a plurality of substantially axial

extending tabs 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.





