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BACKGRQUND OF THE INVENTION

When launching projectiles out of large military guns

ey

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. Alternatively, the
propelling charge and the.projectile may be contained in a
single unit that is inserted into the breach of the gun.
Projectiles launched from military guns are typically
rear obturated. The aft end of the projectilé has a
20 protruding ring or flange of material called an obturator
or a rotating band. The obturator has a diameter smaller
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 barrel that typically contains a series of
25 rifling grooves used to impaft a spin on the projectile.
During loading, the projectile is rammed into the
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

30 propelling charge has a cartridge rim). Therefore, the aft
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gun havi ngyget-apeg p i opn. ..The ranmm brake (410) inc
ring (412) that hagga ?é%)ie&%d AT cc#}?gqﬁﬁ%ﬂstofﬁéa‘gethﬁt o baxeaaier ed
portion of dirmetgun barrdle bore p@tirhéﬁménar Cgflfﬂﬂs%lraé%é%n’ éf‘?i?zrs‘gﬁ 9
ring wedgeg;bLp I d.breag f e gun barrel. The ramm ng brake
further iné%uaéggaggggggnilﬁg SRadRah T TRRC a9 ueRa o cBepRusEh&Her aki ng
ring to thebpuopeetilie. 18hhsetetai Y FERONADES BHLSSFS Ost g %@%}ro' S
t he grovenep eofog%&ﬁ{oo' ec&i |e after the_braking ring wedges Into the
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PROJECT! L BSrafesm BALL & bl tForfedE 1NN 150k dhis LRKERt, QR el ates to
projectiles Iaup@ﬁ&gq:ﬁé oma_,qun ba['lrel or cannon, and nore particularly
to a rammi ng 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
15 gun, is forced to extrude into the rifling grooves. This
extrusion helps to prevent the charge gases created by the
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
20 causes the charge gases to drive the projectile out of the
gun at the optimal velocity. In addition, since the
rifling grooves spiral down the barrel, the grooves impart
a spin to the projectile to increase flight stability. 1It
should be noted that the term "rotating band" is often used
25 to denote a device that provides obturation (the
obstruction of gas flow) as well as imparting a rotation to
the projectile. The term "obturator" typically refers to
& device that only performs the obturation function.
However, for the purposes of this application, the term
30 "obturator" will be used generically to refer to both
rotating bands and obturators.
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



brake for gun-launched projectiles. BACKGROUND OF THE | NVENTI ON When

| aunching projectiles out of large nmilitary guns or cannohg N@Vt gmjgcal
| oadi ng technique is to first ramthe projectile into the breach of the
gun, and then to rama propelling charge in a shell casing behind the
projectile. The propelling charge i3s typically positioned in the breach
by a shell casing rimthat is simlar to the rimon a bullet cartridge
used with a handgun. This rimis larger than the dianeter of the breach
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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
15 length and the thin rocket motor wall, if a standard rear
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
20 to stop the charge gases from blowing by the projectile.
This function is important in the case of advanced
pfojectiles due to the sensitivity of the guidance
electronics. Any blow-by could potentially destroy the
projectile's operability. Additionally, a brake is needed
25 to stop the projectile when it is rammed into the gun.
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
30 rear obturator/rotating band design used with unguided
projectiles must be replaced by one or more components that
serve the functions of stbpping the advanced projectile

when rammed into the gun barrel.



| oadi ng of the projectile in an area of the gun barrel where the inside
di anet er decreases fromthe breach dianeter to the bore diameter. This
area of inside dianeter change is called the forcing cqng. NREQ Pwe t he
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. Wen the propelling charge is ignited, the rear of the
projectile is forced into the bore of the gun barrel. The obturator,
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standard guhi bagmeishel Iin a particular configuration, the braking
ring wedges in the tapered breach of the gun barrel. The
ramming brake further includes a retaining mechanism that

15 is used to couple the braking ring to the projectile. This
retaining mechanism restrains and controls the movement of
the projectile after the braking ring wedges into the
tapered portion of the barrel.

Embodiments of the present invention provide numerous

20 technical advantages. For example, in one embodiment of
the invention, a ramming brake is provided that stops the
aft end of a mid-body obturated projectile from entering
the bore of a gun barrel during loading of the projectile
into the barrel. Furthermore, rammiﬁg brakes incorporating

25 teachings of the present invention are typically fabricated
from a material that disintegrates once the projectile is
fired from the gun. Such disintegration prevents the
ramming brake from damaging the inside of the gun barrel
during launch.

30 Additional technical advantages include a ramming
brake having a configuration that allows the brake to be
stopped in the breach of the gun instead of the forcing
cone. Because typically unguided munitions are stopped in

the forcing cone during loading, this area typically



which is basically a large bullet. On the other hand, advanced
projectiles have enhanced features such as electronic g]ungove% d

ext ended range rocket notors. For exanple, certain -advance @gcti | es
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stop the momentum of the moving projectile is greatly
decreased. .

15 Other technical advantages are readily apparent to one
skilled in the art from the following figures,

descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

20 For a more complete understanding of the present
invention and the advantages thereof, reference is now made
to the .following descriptions taken in connection with the
accompanying drawings in which:

FIGURE 1 is an illustration of a gun-launched

25 projectile for wuse in conjunction with the present
invention;

FIGURE 2 is a cross-section illustrating a gun barrel
for launching the projectile of FIGURE 1;
FIGURE 3 1is a cross-section of the gun barrel of

30 FIGURE 2, taken along line 3-3;

FIGURE 4 1is an illustration of a ramming brake
- incorporating teachings of the present invention; ‘
FIGURE 5 is a drawing illustrating the ramming brake

of FIGURE 4 mounted on an associated projectile.



4 SUVMARY OF THE | NVENTI ON Accordingly, a need has arisen for apparatus to
position an advanced projectile in a gun barrel during qopcﬂ'gvgzm‘jg t he
projectile. The present invention provides a ramrng brake for use with a
gun-launched projectile that addresses shortcom ngs of prior apparatus.

I n accordance with the present invegtion, there is provided a ramm ng
brake for use with a projectile launched fromthe barrel of a gun having
a tapered portion. The ranm ng brake includes a braking ring that has a
tapered surface configured to wedge into a tapered portion of the gun

barrel. In a pAtEUBH arb cokfi g@at i briustyawiaki ngf riag wedgesniate he

t aper ed bé@ﬁﬁ*ﬂg@i‘a‘tfi%ngéﬁ_Q%éﬂingT%akEamangﬁlﬁﬁrfgd"rtté'é%hiir[ﬁlgps a
retaining mechanismthat is used to couple the braking ring to e

proj ect i | R TRFESERg: dNYeRG iRBehaABsm restrains and control s the movenent
of the projecriiberaf trerid he dyraakinkg iNRGHRIIes; PR }Qﬁg\gh%ﬁ%&%qceoo” i on

of the barrel. Enbodinents of the present inventlon provi ner ous

t echni cal ©5dVafPEFeS. Meyntedarpl an rASeRé2ERBOBFAIRCTIIle t he i nvention, a
ramm ng brake is provided that stops the aft end of a m d-body obturated
projectile fromentering_ the bore of a gun barrel during |oading of the
proj ect i | BELS D; RES ON N i ng brakes incorporating
teachings of tRepBHERRRALS NNt i PReal SrickRingal Iyﬂ,@ﬂgﬁgﬁt edandr o
material that disintegrates once the projectile is fired fromthe gun.
Such di si#E3RERE6R Fre ARt tirderstirathgyr sREerrama @ gFAGURBE ilnsi de

of1g he ¢ I i I ddiqti L.C es J.ncl udes:,
o F e o be e [ g A con S0eat | O That ST oue Hviihy apectoTog < 10T
st opped i+hikBeaBlegORTESPPRE1gANPRHEEcRE bhet Mierions iyrawings.

FIGURE 1 illustrates a gun-launched projectile for use

in conjunction with the present invention. The projectile

10 is an advanced or "smart" projectile that is fired from

15 a gun that traditionally fires standard unguided
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
20 ignites to accelerate the projectile to the desired
velocity. Projectile 10 also includes a payload segment
14. Payload segment 14 includes the nén-propulsion systems
of the projectile. For example, payload segment 14
typically includes a plurality of sub-munitions or some
25 other explosive device or devices. Payload segment 14 also
typically 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 its aft end.
Further, the projectile includes a plurality of fins 20
30 used to guide and stabilize the projectile (although not
explicitly shown, ﬁiné may also be disposed around payload
segment 14). In‘ addition, projectile 10 includes an
obturator seat 22. Obturator seat 22 functions to position
an obturator (not explicitly shown in FIGURE 1). The



cone. Because typically unguided nmunitions are stopped in the forcing
cone during loading, this area typically 1 2 NOV 2003 5 experiences high
wear. By providing a ramm ng brake for use with advancécQFNﬂVJ 283 | es that
stop in the breach (which experiences little wear) additional wear of the
forcing cone is mnimzed. However ranmm ng brakes incorporating teachings
of the present invention also function when stopped in the forcing cone

i nstead of the breach (which may occur once the inner surface of the gun
barrel wears after many uses). Moreover, a ramrming brake is provided in
one enboditRFitien e phesetunaram i endt habtizamotr risgiadl y2at twehdd to
the proj eedddEipbd@pexappl e, sem-elastic cords are used to attach the
braking ring to the projectile. In such instances, the force needed to
stop the nonmerfi¥fn 6P tthe nbenaghpedidecthin imogjretnt Ijotaecwedded. ofx her

t echni calz fehradd ; readi Ly | I n t from
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descriptions taken in Connection W e acco rawings 1n which:
FI GURE 1 TeRmehiynatadat(meandhgat pam-thaimiitetratpon) kst poeit bonadeatn
conjunctign ywhthithe BLEse | pyeption.Fl LS 2 2 | on

T Ust T ot ng h on Bar T ok oY PEURER ST St obrlY & o) B DR 1

FI GURE 3 Gthe £aress plaggdberothehprgiacbaleewhen IRIWGUREER frakevhal ong

“"@e 3-3igun 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 (which would reduce the-
projectile's range and/or payload capacity).

15 However, if the obturator is moved near the middle of
projectile 10 to a "mid-body" position, the launch forces
applied to propulsion segment 12 are reduced. This is due
to the fact that payload segment 14 (or any structure that
is forward of the obturator) bears part of the load, while

20 propulsion segment 12 (or any structure aft of the
obturator) bears the other part. 1In addition, the forces
that are applied to propulsion segment 12 are generally
tensile when a "mid-body" obturator is used. When a rear
obturator.is used, the forces on propulsion segment 12 are

25 generally compressive. Due to the reduction of launch
forces and the fact that the tensile strength of propulsion
segment 12 1is typically better than its compressive
strength, a "mid-body" obturator is superior to a rear
obturator for ﬁse with advanced projectiles such as

30 projectile 10.

For the reasons described above, obturator seat 22 is
generally located near the middle of projectile 10.
However, there is no strict requirement that the obturator

be located at the exact center of projectile 10. All that



FIGURE 4 is an illustration of a ranm ng brake incorporating teachings of
the present invention; FIGURE 5 is a drawing illustrating the ramm ng

brake of FIGURE 4 nounted on an associated projectile.} NDV\ICNUQOOB
FIGURE 6 is an illustration of an alternate configuration of a ranm ng
brake incorporating teachings of t present invention; and FIGURE 7 is a
drawing illustrating the ramm ng brake of FIGJRE 6 nounted on an

associ ated projectile. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Enbodi nent s
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R e g N
its aft eE‘\IJGURESJrQh@ndthe prBI@ERE| @ iirc| aded ld ydtradidry of &i @311120
barrel for typically launching projectile 10. Barrel 110
includes three primary sections: a breach 120, a forcing
cone 130, and a bore 140. Barrel 110 has three distinct
15 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 of breach 120; An inner
surface 142 of bore 140 is of a uniform bore diameter 144
zhroughout the length of bore 140. The diameter of the
20 preach at its forward end 124 is larger than bore diameter
144. Thus, an inner surface 132 of forcing cone 130 forms
a tapered cone that connects inner surface 122 of breach
120 to inner surface 142 of bore 140.
- FIGURE 3 illustrates a cross-section of bore 140 of
25 FIGURE 2, taken along line 3-3. Bore 140 contains a
plurality of rifling grooves 146 formed in inner 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
30 angle until it reaches a forward end 116 of barrel 110.
Rifling grooves 146 rotate a projectile after the charge
has been fired and the proj'ectile travels along bore 140.
Such rotation is needed to give unguided projectiles
stability in flight.



used to guide and stabilize the projectile (although not explicitly
shown, fins may al so be di sposed around payl oad segmenﬁ iﬁu ?ﬂqﬁddition,
projectile 10 includes an obturator seat 22. obturator's VZ nctions
to position an obturator (not explicitly shown in FIGURE 1). The 1 2 NOV
2003 7 function of the obturator and® obturator seat 22 will described
below. Due to the length and thin rocket notor walls of advanced
projectiles, a traditional rear obturator, as used on shorter, unguided

projectiles thatrarsgifid e om.th type gug, cannot be used. If
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propul si ogentact 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

15 obturator is prevented from moving forward, thus stopping

the projectile. Therefore, the first function of the rear

obturator is to act as a ramming brake to prevent the
projectile from completely entering bore 140.

Once the projectile has been stopped, a propelling

20 charge is inserted into breach 120 behind the projectile.

The projectile is then fired by igniting the propelling

charge. A rear obturator is typically made of metal, such

as copper or gilding metal. A rear obturator may also be

fabricated from suitable non-metallic materials, such as

25 thermosets or thermoplastics. The flow of charge gases

created by the ignition of the propelling charge cfeates

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

30 146 in bore 140. The obturator serves two other functions

at this 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 provide a seal between the



segnent 12 is typically better than its conpressive stren ,

"m d- body" obturator is superior to a rear obturator for hgeN&VtEﬂﬂadvanced
projectiles such as projectile 10. For the reasons described above,
obturator seat 22 is generally located near the mddle of projectile 10.
However, there is no strict requirenent that the obturator be |ocated at
the exact center of projectile 10. Al that 1 2 NOV 208 8 is required is
that the obturator be positioned at substantially a m d-body |ocation to
| ower the I nch forces a d to_propul sion segment 12. As will be

di scussed %CF thﬁ? Bﬁﬂéggﬁ‘ € 2Bd Fhetnnete Shace of dhe gm}sso

obturator Sest 22 chakgeagasestage RgHraty fwnmﬁwll 19a5Pat pu
barrel For this reason, he 5] turator

| oaded |nto e bo f the
cannot ha/& an %r ?Bﬁ{:‘g?e%ibgtfetpgmteﬁ’él’rltehénﬁot%n%? swetpger 882 ©F or der

to furtherbmqalmm ohemonifguﬁgtg@@o@éstf@g) obt urator and obturator seat
22, teference i S 2 and 3. FIGURE 2 is an illustration

of & gun barré e?%’?"i%’&%w%}’ Iané pfofedtd i remiBmRaeionoas

i ncl udes tdwser fsedraraboest | aNYesr boBeghaiad. c%rfrthC' Be geEa 130¢nand a
bore 140. Barrel Onﬂ s three distinct inner surfaces corresponding to
these sect™SHEC Ié’l?rtﬁ'ﬁgie F2omigd - e WW%%@)’@@S it ghizgdi nwar d

froman afd ehdithidet O:l-fef@lliat\ﬁc_ryél §88ed 24 o Wxeakdy 179 '%v)e@}ﬁ gurface
142 of bore 140 |]_3][ of a.upiform bore dianeter 144 throughout e ?ength

of bore 1RFCHIRFIfen2Rer 1feT (RNrassc 42 gk ?OF@r\AérOdOéfnd-r!LZﬂlfblmgrger

t hao boresiﬂcmmermam H&wﬁeranwhéﬁethéUfﬂf@??@cé§?e0ftsf Qi Cﬂﬁ%l?’o
ac o

forns ane that onpects inner_surface 122 of bre
i nner sur?afgr ei‘l4é.(i %0 pxe projectile, including the obturator
seat 22 is posuzloned 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
15 diameter 144. Because the outer diameter of the obturator
is less than or substantially equal to bore diameter 144,
the mid-body obturator cannot be utilized as a ramming
brake during loading. Therefore, when a mid-body obturator
‘ is used for sealing the rifling grooves 146 during firing,
20 an additional, discrete ramming brake is required to
perform the function of positioning the projectile during
ramming.
Referring now to FIGURE 4, there is shown an
illustration of one embodiment of a ramming brake 410
25 incorporating teachings of the present invention. Ramming
brake 410 is utilized with a mid-body obturated projectile,
like projectile 10 of FIGURE 1. Preferably the ramming
brake 410 is coupled to an aft closure 430 of the
projectile being rammed. FIGURE 5 illustrates one such
30 method of attaching ramming brake 410 to a projectilo. A
set of tail fins 432 are attached to aft closure 430. 1In
order to load the projectile into the gun, tail fins 432
are folded down behind aft closure 430. Tail fins 432 are



FIGURE 3 illustrates a cross-section of bore 140 of quugql gmagen al ong
line 3-3. Bore 140 contains a plurality of rifling grooves 14 rmed in
i nner 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 altonstant angle until it reaches a
forward end 116 of barrel 110. Rifling grooves 146 rotate a projectile
after the charge has been fired and the projectile travels along bore

140. Su tagi .S d gLy ngui de rQiectiles..stability in
fione - Pl REhy5045 SRARER phe adf, HOP ROrTaRb R AR e S1AS Bl

obt ur at eca pf Dperetheéningl padee 43 0 barrel 110, the projectile is first
inserted into e .. The Qj ecti.l.e has_,a dianmeter ..ess,th but
substantial ly géu% e(]f%& e&cﬁpae%ét’)erpofzf‘f.mﬁe?}é? oPECIERE 1% ’é%t?ﬁ% will
travel alowmy bavredlldw amsbni nfforbotke 14frapeilindye chbirgeat oitr edshes

f orci ng A | C rear . _obturator has a ut si di ter, that
o St FEEEERIPRE HURL A mpRRRCRh0Be ASr B0e Rl P Rech Bt Io0 but

| ar ger t hafh tioe b peret £Ye 148oweheref sirce vitten piejebtilat as leatieds

{oreina sage 180ualhe eREL" 3iah Wbl COURg! Thgah! | oe00pgotolt iy e
gener al | ypeojletsilbeisutsedeailifired er Tiferteforeht uratroing Abrakes4 poi nt,
(he et LA Ol oh B LR o LOILIPY! B9, LAY Sy bRUEOTABANLAR, (e
aslta rammfiiyys b¢ake to prevent the projectile fromconpletely entering
bore 140 | R b REObEELL |8 PSR L OBReM o PLRECLLL BT RLEC 1S
a hollow, generally cylindrical shape with an inner
diameter sufficiently large to contain folded fins 432. 1In
addition, the hollow shape of braking ring 412 enables the
15 charge gases to pass through ramming brake 410 when the
projectile is fired. If the charge gases cannot pass
through ramming brake, then the ramming brake acts as a
rear obturator, and the advantages of using a mid-body
obturator are frustrated.
20 Braking ring 412 is slightly tapered to form a conical
shape having an outer diameter that is slightly smaller at
a forward end 414 than at an aft end 415. The taper of
braking ring 412 generally conforms to and fits with the
taper in the breach of the gun just before the forcing
25 cone. Therefore, when the projectile is loaded into the
gun barrel, braking ring 412 wedges into and stops in this
tapered area. In addition, braking ring 412 may be
configured to wedge into other portions of the gun barrel,
such as the forcing cone. However, the forcing cone
30 experiences the greatest amount of wear of any part of the
gun barrel, and thus it is advantageous to use a braking
fing 412 configured to wedge into other portions of the gun
barrel. In general, braking ring 412, and the other

braking rings described below, may wedge into any tapered



The projectile is then fired by igniting the propelling charge. A rear
obturator is typically nade of metal, such as copper ng@gim%mﬁ al. A
rear obturator nmay al so be fabricated from suitable non- I

materials, such as thernosets or thernoplastics. The flow of charge gases
created by the ignition of the propg%ling charge creates enough force to
deformthe rear obturator and force"The aft end of the projectile int
bore 140. As the obturator is forced into bore 140, it is extruded into
rifling grooves 146 in bore 140. The obturator serves two other functions
at this ppostiomnheffthetbduneli obncdutidngnphet tapepied berealdhe aptofheti |l e

by foll ow : spiralin onfd atjop of_ _rifling _groqves 146 t he
projectil ef%tg-rc 3\;} I scpéalllieg'ng glor?egdfg‘glacfkeg& i?errorf%:léfi &) %:@: J[qup‘}%v?gg a
seal bet wpawjekeile2 (NDN 2003 I hodgsed bhiop) @) etid lvwedniinghefi nher

f t,hat it bst t ed {1 owi
past the cariind Beafe WIY 4o CORLOGHRRE 200 iR dSe  PugE S henty
boré& 140 @riictipnilli Mpgeotes e in Reher prujewwile® EhGURES progeand 3

i n conmbi ngti . as sGr,l be bove rear _obt urator cannot be used with
proj ect i I‘gtofg&f)glstwéla%‘, q%ﬂgngﬁgbg’&fre?btlﬁ a?g?va{tgdutcirl i %%re‘?%e‘#i RFmi ze
t he chargbighsesndlesn t(cavelvheg betheen fdrecepr et idpplaist | neer t Ryr f ace

142 of bo in_rifling.grooves J146. However, whe he prqjectile is
| oaded i n%%oﬁégr’%?’ ﬁ{i?{qr@?t 1P p&&i"éctﬂef e,r§W%ﬁ€ﬁglPﬁe° bFﬁ?at or
seat 22 i guposveromedghnskase ot dxxrairabl e | oadi ng of the propelling

h I n breagh . Theref, h |l h o
outlr ai et or 1 RFGAPCERLR ool AP ARBLe! THRegodaiet TR SOPCPoGraetor

of the obttrspeedsist | sssehbaanotosubehant faktypeguakcondhor endoageter
144, th_etg' %}%%%X'lgfbtplgsaftoiror? agggt pbreojuetczitlii ee,d :?g ?.Sr apnztgggrable to
stop the projectile within an inch of its desired position.
If the ramming brake is rigidly attached to the projectile,
15 the effective force that the ramming brake must stop is
much greater thaﬁ the force that must be stopped when the
ramming brake is not rigidly attached to the projectile.
Therefore, instead of being rigidly attached to the
projectile, braking ring 412 is coupled to aft closure 430
20 through a retaining system that includes a plurality of

semi-elastic cords or laces 416. When the projectile is

rammed into the barrel 110, and ramming brake 412 stops in e

the breach 120, some percentage of cords 416 may stretch

with varying degrees of elasticity, and some may stretch

25 inelastically. Some cords 416 may even break. The

accumulated effect of these different responses acts to

absorb much of the force created during braking and to

correctly position the projectile for firing by pulling the

projectile slightly backwards in the barrel after cords 416

30 have stretched due to the braking forces. The terms 'semi-

elastic! and 'semi-elastically!’ are used in this
application to describe this effect.

Cords 416 are preferably fabricated from aramid fibers

(sold under the trademark KEVLAR), howevér, other suitable

g



brake during | oading. Therefore, when a m d-body obturator is used for
sealing the rifling grooves 146 during firing, an additilohNQV Q08 rete
ranm ng brake is required to performthe function of positioning the
projectile during ramming. Referring nowto FIGURE 4, there is shown an
illustration of one enbodi nent of alBanmi ng brake 410 incorporating
teachi ngs of the present invention. Ranm ng brake 410 is utilized with a
m d- body obturated projectile, |like projectile 10 of FIGURE 1. Preferably

e T R AL 10 S SUPLEE 80RO S (B o gl oot ©
brake 410useda pInjadditeonAtosprovidinglelaasidlyarecatisag¢hédallowaft
o s hamiioo e (42 0P LRCeBRSLERtLe O 0 ok} 105 92
held in thnd hooded pfisid i 432 dubungstoadi bg ardtddchedgdyata ¢lonsues aining
oL P8e, £ aaeb, CEREs: 318, RPRTLAERRAEATIACBaPERLEREN S LRGHRBL OB D
410 be | oapeeduaiest ha3aft iandabt tdibogungectid e.an@m?/ep}us‘iaﬂdeyt het
Dror o) SRR AR g B REATAAE (0 o enftly BhakIERY, L1,
behi nd af tacliosuféasde ard dsoandohdtdddflange thas 432enRamihwgrdinke 410
el tes, BARD, a0 65 N Rebafe kLY, ERt Ay M el
4320 I n  addiegran, whehhaihewbsakieof ringki ngLaiciggt1flangsl é20 hes char ge
gases 10 D383 LOUAYS AT NP 2k, B0 IDED 1081 BEOLRER BobasThigd I
can be laced to couple ramming brake 410 to aft closure
430. The number of apertures 418, 436 and the method of
lacing may be varied without departing from the scope of
15 the present invention. For example, a single cord may bg
laced through every aperture 418, 436, or a series of cords
may each be laced between discrete groups of apertures 418,
436. In addition, any other suitable retaining mechanisms
for coupling ramming brake 410 to aft closure 430 may also
20 be used.
Because ramming brake 410 is positioned around fins
432, in order for fins 432 to open after launch, ramming
brake 410 must be separated from the projectile once the
projectile is fired. In addition, it is preferable that
25 ramming brake 410 disintegrate during firing so as not to
produce excessive wear inside the gun barrel, and not
endanger personnel and objects located near the gun.
Therefore, ramming brake 410 is typically made from a

material (s) that is frangible under firing forces created

30 by the propelling charge, but that is strong enough to stop
the projectile under ramming forces. In addition, the
material (s) used must be able to withstand high

temperatures in the gun barrel created by the repeated

firing of the gun. The material must be able to withstand



t hrough ranm ng brake, then the ranmm ng brake acts as a rear obturator,
and the advantages of using a md-body obturator are Lgvﬂp a; . Braking
ring 412 is slightly tapered to forma conical shape 8 out er
dianeter that is slightly smaller at a forward end 414 than at an aft end
415. The taper of Dbraking ring 412;generally conforns to and fits with
the taper in the breach of the gun just before the forcing cone.
Therefore, when the projectile is |loaded into the gun barrel, braking
ring 412 wedges into and stops in this tapered area. In addition, braking

ring. 412thgpepdigbofamparatyesdrie 3 mud fdiantpperions off time g‘-‘lm
barrel, %!QBwa%Heh%)ﬁ&jééﬁﬂléoﬁs béb%aﬁ%d Lhg EQE&%Q?@?@% STERANY SNCES

t he greatest anount “of wear art of the us it is
advant age5h¢ t‘Ba"u%ﬁlélbr‘hﬂﬁﬁg t°r| n&qa%nra@ma-@a th;‘a.k@jgéllontbSotmer

portions g&abmt@urbontﬁsg@ée Jngtsfﬂsial , FBEakkog giéngoéézemﬁ%% o her

br aki ng rlngs descri bed bel ow, may wed ge into any tapered 03 12
por®i on of tﬁ@ebaﬁﬁﬁenﬁnénﬁﬁpﬁgoﬂhét@ peeddabwensf gadbohegrephditey cone.
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sufflC|en§°WPV€Fuomﬂhqﬁw%ﬁltébl%t@?ﬁeth@1§ro?@@hl@% tviahatepesy®ar,
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when ot her. forces are applied tot ect such as |1 omthe
transport AFPBNtHE SFEPY AL ovkee P%ﬁ@ﬁﬂ%éﬁ@ﬁﬂtkanaln) . A prOJectlle i s
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As with ramming brake 410, ramming brake 510 is operable
for use with a mid-body obturated projectile. Ramming
brake 510 includes a braking ring 512. As with braking
15 ring 412 of ramming brake 410, braking ring 512 has a
slightly tapered conical shape. The outside diameter of
braking ring 512 is slightly larger at an aft end 514 than
at a forward end 51s. As with braking ring 412, the
conical shape of braking ring 512 is configured to conform
20 with the taper in the breach of the gun barrel just before
the forcing cone. Therefore, braking ring 512 wedgeskinto‘
and stops in this tapered area when the projectile is
rammed. However, as with braking ring 412, braking ring
512 may be configured to conform with other portions of the
25 gun barrel.

Unlike ramming brake 410, ramming brake 510 does not
use a retaining mechanism that semi-elastically attaches
braking ring 512 to the associated projectile. Instead,
ramming brake 510 uses a retaining mechanism that includes

30 a number of generally rigid mounting arms 518 that extend
from forward end 516 of -‘braking ring 512. The outer
diameter defined by mounting arms 518 is smaller than the
outer diameter of braking ring 512. Thus, mounting arms

518 do not contact the gun barrel during loading. Finally,



If the rammi ng brake is rigidly attached to the projectile, the effective
force that the ranm ng brake nust stop is mnuch greater1 £ N0V 12083 1 or ce

t hat nmust be stopped when the rammng brake is not rigidly attached to
the projectile. Therefore, instead of being rigidly attached to the
projectile, braking ring 412 is coupked to aft closure 430 through a
retaining systemthat includes a plurality of sem-elastic cords or |aces
416. When the projectile is ramed into the barrel 110, and ranm ng brake
412 stops_in_.the breac 20, sone percentage of _.cords 416 stretch
Wit vary RIS e0Re B2 SAB SRR LPoIHAE Bob8Limy EoPPURERTS HorLes %20 |y.
Some cor daiséfic tma tesarh hranaki ndg Herales Gml ©b ed pidpett Die! heme wHilflf er ent
responses,acts to .absor ch of the force created durin rakjng and to
correct|l ybﬁoélflﬁe&?tt%%&p%r%ct{}ﬁ é“'f“@k)t?ezf i?‘zi;rfﬁo‘b?tbﬁgl ?ﬂ@st%eab HrojB&ile
slightly haabear dof n ndimthiaid elhsifder 520 dsm#yt6 bavevstied chettHbig to the
br aki ng farﬁces. .The %erms sem - el asté' and 'sem -elastically' are used

in this BRFEATHNTEETy NS | BEOPRI & e?’f‘]éﬁt PISHTY 41B8VERe PR ef erldbl y
f abri cat eddtsiedoar,areunt ey Sarfisobdsunder dilthdy aske nbsimdEMAR{grdlonever ,

pol yet hyl EAEEEF PEPGoEUN| JL2AdH QR RSF pRECREREG SPaberATE, idis 416
al  ow rasuengshihakerd labpromei dosi faonedihghnadhatit. cl osure 430 and
oo s 4 Bk bty SR L slb oo, 430, Qs o are
:andoa pl ukahyt $10f haaperrd Wres dbl Biamer dmnciige f 1 angef #2605 @ic IamdR@e brake
ATt end 458 BPCERIAdRFS (ohs 0G4S OF R | A G4RGT L1 ¢ h HHE BRI ng
ring. Lacbpgkbkl amge 420si Sslipped over the folded fins of the
projectile, with mounting arms 518 facing forwai‘d, until
mounting holes 520 are aligned with a set of corresponding
15 mounting holes located on the aft closure of the
projectile. A fastening member, such as a bolt or screw,
is then placed through the mounting holes of the projectile
and mounting holes 518 of ramming brake 510 in order to
secure brake 510 to the projectile. FIGURE 7 illustrates
20 ramming brake 510 mounted on an aft closure 532 of a
projectile 530. |
The materials for fabrication of the ramming brake 510

must meet the same requirements described above in

conjunction with ramming brake 410. Preferably, the
25 material used to fabricate ramming brake 510 is a graphite
‘composite material. For example, one embodiment cof the

present invention utilizes a wound carbon-graphite filament

to reinforce a thermoset resin, such as epoxy. However,

other suitable materials, such as cyanate ester, polyester,

30 and bismaleimide, may be used without departing from the
scope of the present invention.

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



angled inward to provide a surface agai nst which cords 416 can be |aced
to couple ramm ng brake 410 to aft closure 430. The ndnﬂeNU\bfZﬂB,'bertur es
418, 436 and the nethod of |acing may be varied w thout departing from
the scope of the present invention. For exanple, a single cord nay be

| aced through every aperture 418, 436 or a series of cords may each be

| aced between di screte groups of apertures 418, 436. In addition, any

ot her suitable retaining nechanisnms for coupling ramm ng brake 410 to aft
cl osure 430 may al so, be used. Because ramr ng brake 410 is positioned

around fin$hNeFSin Withekh depagting £yom hepepisiternbagnane rafms kg
brake 410 puelsehift Seprdmt Bsh fAPMdiE 2 Gl o pectile is
fired. In addition, it is preferableeﬁig?e%gﬁ%?hg bré%gqﬁﬁgiﬁ%sintegrate
during firing so as not to produce excessive wear inside the gun barrel,
and not endanger personnel and objects |ocated near the gun. Therefore,
ramm ng brake 410 is typically nade froma material(s) that is frangible
under firing forces created by the propelling charge, but that is strong
enough to stop the projectile under ramming forces. In addition, the
material (s) used nust be able to withstand high tenperatures in the gun
barrel created by the repeated firing of the gun. The nmaterial nust be
able to withstand 1 2 Nov 2003 14 these high tenperatures for a sufficient
period of time to allowthe projectile to be | oaded and fired.
~Preferably, the material used to fabricate ranm ng brake 410 is a
graphite conposite material. For exanple, one enbodi nent of the present
invention utilizes a wound carbon-graphite filanment to reinforce a L
t hernoset resin, such as epoxy. However, other suitable materials, such

as cyanate ester,



pol yester, and bismal ei m de, nmay be used w thout departing fromthe scope
of the' present invention. FIGURE 6 illustrates a second ?@WW?WQ of a
ranm ng brake 510 i ncorporating teachings of the present 1nvenfion. As
with ramm ng brake 410, ranming brake 510 is operable for use with a

m d- body obturated projectile. Ranm ng brake 510 includes a braking ring
512. As with braking ring 412 of ranmm ng brake 410, braking ring 512 has a
slightly twHATEW CoRiMEBD IShape. The outside dianeter of braking ring 512
is slightly larger at an aft end 514 than at a forward end 516. As with
braking ring 412, the conical shape of braking ring 512 is configured to
conformwith the taper i o ' 0.4t he
forcing cone. Therefore, Rbléag‘gxlnﬂ ed??l%gﬁ%f&;@%%%g&ﬁéﬁdy gﬁ@%ﬁh@%ﬁﬂﬁ hi s

t aper ed ardaachdueion tte tarre] efcat gungethe barrel haviegl a tdgesed pertjonasomprisingdr aki ng ri ng

412, braking ri 512 .be configur.ed conf ar ith other. portions of
the  odn bacr o DRE find PAYAE 4.5 B fnnE s S Sieegosie eeRd JotiBOt R use
a retaini pgn BRAEBENIRRIANRE bERiMg Ah@ebinfAdesVa Hah@bleefateRilothhiBisinkdpeat&sl2 t O
the associated projectile. Instead, rammng brake 510 uses a r.etaining

mechani s mditABg thedaingly efthg prajentids from thehamekpnd, i gi d nounting arms 518 that

extend fromfqr A j i . 3 i
defined by mu%g}éﬁéﬁnﬁﬂﬁ%c%@nfémﬁéﬁd&? x{ohxg%@%gcou%—lgﬁgg%}l an ﬁié?@%?&r
br aki ng r innd-bedy obfliraied proyeatitej thg refaiméng méchadismnestraiming st mohement of e r el

duri | oadi.nq.. Fi nal | 1 2 NOV.2003.1 ti ’ e18 g B
oo 99 mBticieSeb MiscSrile AnR WECGES IF TeReR 20Ny br ake 510 to a

projectile. It will be understood that the nunber of nounting arns 518
and the nunber of nounting holes 520 nmay be varied wthout . .
@ 2. The ramming brake of Claim 1, wherein the surface of the braking ring has

a tapered configuration to wedge into a tapered breach of the barrel.

15 3. The ramming brake of Claim 1, wherein the braking ring comprises a

carbon-graphite filament composite material.
4. Canceled

20 5. The ramming brake of Claim 1, wherein the braking ring comprises a

configuration for positioning around a set of folded fins of the projectile.

6. The ramming brake of Claim 1, wherein the retaining mechanism
comprises at least one semi-elastic cord coupling the projectile to the braking ﬁng.
25 '
7. The ramming brake of Claim 6, wherein the at least one semi-elastic cord
comprises a material selected from the group consisting of aramid, nylon, polyester and

polyethylene fibers.



departing fromthe scope of the present invention. 23&g& &b nount i ng
arnms 518 may either be fornmed integral wth braklng r 18 r later

attached to braking ring 512 using an appropriate fastening nethod. As
with braking ring 412 of ranmi ng brakel&10, braking -ring 512 has an
inside dianeter that is sufficiently large to acconmmpdate the folded fins
of the projectile. Ramm ng brake 510 is slipped over the folded fins of

the projectilg, W The "amihdbrakemsf Tinf &1 MehéOE¥@pEbing! N ldcingPdAgd NY
hol es 520 are aligned with a set of correspondi ng mounting hol es | ocated

on the af tex@P@%ﬁ@”%#“thF@“ apadj @d1af|tke braking sngnihadacingiange having ahdeagt bol t
or screw, r

and mount iy Pl g (B 1RGS2 R o $Ep TR B 9o the bR BT % 1
to the prorgedtild.e. Fl GURE 7 |IIustrates ranmm ng brake 510 nount ed on an
aft closure. 532 of a projectile 530. The materials for fabrication of the
ramm ng brake 510 nust neet the sanme requirenents descri bed above in

conj unction w ©h ramhé n@mMiak cordldd) .of PCREAT aPlwherdih ethBBictiihiay mMSEAnish
fabricate ramm ng brake 510 Is a hite conposite materjal. For

exanpl e, GABPESASEHICAS oRe BOURtNg l%ﬁwgm themmqlm the brakingging. wound
carbon-graphite filanent to reinforce a thernoset resin, such as epoxy.
However, other suitable materials, such as cyanate ester, polyester, and
bi smal ei m de, may be used w thout departing fromthe scope of the present
invention. Although the present invention and its advantages have been
described in detail, it should be understood that various changes,
substitutions, and alteratlons can be nade 1 2 NOV 2003 16 therein wthout
departing fromthe spirit and scope of the

A,



present invention as defined by the appended clains. 1 2 NOV 2003 17 WHAT
IS CLAIMED IS: 1. Arammng brake for use with a md-b dy m%gjed ‘
projectile launched fromthe barrel of a gun, the barrle i a tapered
portion, conprising: a braking ring haypng a surface configured to wedge
into the tapered portion of the gun barrel, wherein the braking ring
conprises a frangible material that disintegrates during the |aunch of
the projectile fforom %E:Q rnel et al ni r’[glgn i canfil. qur to
non-rigidly coulr())l' e t‘$1e r%&ilﬁéker{%ﬁgsflgﬁt?hagﬁﬂaﬁeg@bo yﬂé%?rg}rna@g a‘|{;o}rglo(j§\1£eja(l:ti | e,
t he r et ai ngungthebehelrhiaging mesteredi tneach, dohprisingenent of the projectile after

the braking rin dges jn.the tapere ortion, 2. The ramy ng brake of
O o wher eiitbriad Sh halits SrBRECHERRA L e hiodhe wrambIead
configuration toconRAbRcinBiffinge hitRBECH MdQRENIRE ihW&dRAféRan ot enlinet the@mi ng

brake of G aim 1, wherein the braking ring conprises a carbon-graphite
filamert BMEBSIEE adterial. 4. Canceled 5. The ramming brake of Caiml1,

wherein the braki X C ' ' '- i.LL.ant round
& 'set of Tol ded Pt BRCRANRY dmBRuR & CUAGHE Mool LPIE B ANET O
wher ei n t retaimangaimecimgisme céstraing1y the angeirees ofithel pragectilenaftes ehe bedkag ring cor d
coupling the, proj.ec iIedF)o the braking ring. 7. The ranmm ng brake of -
Caimé, %%gg‘c?’ﬁl]tg‘ﬁ PYEC PEASY one sem -elastic cord conprises a materi al
selected fromthe group consisting of aram d, nylon, polyester and
pol yet hyl ene fibers. 1 2 Nov 2003 18 8. The ranm ng brake of C aim 6, v
furt helO conpri dilng dhegempung beake®f i@ Wherpigvilie drgking HRg LOMPrisesehd - of
the braki [N : I =TolN aying at | east one aperture for
|.aci ng ther}:%t{Ohlrgg%})g{ltggﬁ}le se%&{l 4Sg§ |E:elagt(grd to couple the braking ring to
‘projectile. 9. The ramm ng brake of Claim1, wherein the retaining
ichan sm COMMpl seqat heRtE Gk TRUEHR%10, SUnSRHP U SerheP RS © 1O
comprises at least one semi-elastic cord coupling the lacing flange to the projectile.

15
13.  The ramming brake of Claim 12, wherein the at least one semi-elastic cord
comprises a material selected from the group consisting of aramid, nylon, polyester and
polyethylene fibers.
20 14.  The ramming brake of Claim 10, wherein:

the lacing flange includes a plurality of apertures circumferentially spaced around

the flange; and

o
W

the retaining mechanism comprises at least one semi-elastic cord laced through the

apertures of the lacing flange.



1 2 NOV 2003 19 10. A ranmm ng brake for use with a projectile |aunched
fromthe barrel of a- gun, the barrel having a tapered qrgamw 003pri sing:
a braking ring having a surface configured to wedge into the tapered
breach; a conical lacing flange attachggl to and extending inwardly from an
aft end of the braking ring; and a retaining nechani smconfigured to
couple the lacing flange to the projectile, the retaining nechanism
restraining thggnov r@ﬁw j i K I s i wedges
in the tapered br eagh. I?é e §°g%1%‘§§ﬁ %@(g&%ﬁ&@ gtl% %]Bﬁoggéu\?\ﬁlg?ﬁec:ﬂgdt he
br aki ng r ifregn the bprrelofa gan, thabdreh hgrisgphiapered poraiordompoisingsi te naterial . 12.
The ramm ng bralﬁg of Claiml0, ereiﬁ thﬁ retaini nq mechani sm c?qprises
at |east one samakujgfung havggsuriaer,sanigures)te vedgedptorthe irgered gortion of the
proj ecti | @un bdrésl; alde ranmmi ng brake of Claim 12, wherein the at |east one
sem -elastic cord conprises a material selected fromthe group consisting
of aratid, nyl 8nhleagomeenandigid fepunting Jes: #8 are integralppars of the brakiagr
brake of lebradiferih &6 R -_gg;lge' g el Iy f
apertures ci rggﬂtrmf grc\gﬁ[[ﬂ%g} I)f s%%ge%%ar%ﬁnﬁ% thoeﬂt@'ﬂaeg g?ﬁe%rlléé tit[k}r]% I%Jg{%{%ni ng
mechani smooning kbggesirainiegithe novenmsenof-the astjéctilecafted thealraking ing iegdgesin
apertures Oeft trgedlqz}ﬁin tI nge. 12 Nov 2003 20 15. A ramm ng brake for use
with a mg!b%eyeo% &) eg‘?“%]‘ectile | aunched fromthe barrel of a gun,
the barrel having a tapered portion, conprising: a braking ring having a
surface configured to wedge into the t aﬁ)er ed portion of the gun barrel;
and at0l east oh@ nohb¢ ragiaingduke; offIpiay 1 dswharein the girface pdthe brakingdingr aki ng
11ng and o5l ilrddRofiRiiRbfon'tD %Al WrablrB@bleleH diandblzdt0dy obtur at ed
projectile, the at "l'east one nounting [eg restralning e novenent of the
é ojectile after the braking ring wedges in the tapered portion of the
rel. 17.  The ramming brake of Claim 15, wherein the braking ring comprises a
carbon-graphite filament composite material.
15

18.  The ramming brake of Claim 15, wherein the braking ring and mounting -

leg comprise a carbon-graphite filament composite material.

19. The ramming brake as set forth in Claim 15, wherein the braking ring
20  comprises a frangible material that disintegrates during launch of the projectile from the

barrel.

20.  The ramming brake of Claim 15, wherein the braking ring comprises a

configuration for positioning around a set of folded fins of the projectile.



16. The ranmmi ng brake of C aim 15, wherein the surface of‘ ghg @mﬁbng ring
conprises a tapered configuration to wedge into a tapered DBr g t he
barrel. 17. The ranm ng brake of C aim 15, wherein the braking ring
conprises a carbon-graphite filanment conposite material. 18. The ranm ng
brake of C aim 15, wherein the braking ring and nounting |eg conprise a
carbon-graphite filament conposite material. 19. The ramm ng brake as set
forth in Claim15, wherein the braking ring conprises a frangible
material that disintegrates during |launch of the projectile fromthe
barrel. 20. The ramming brake of O ain?l5, wherein the braking ring
conprises a configuration for positioning around a set of folded fins of
the projectile. 1 2 NOV 2003 21 21. A ramming brake for use with a

m d- bo@y. obtArammetghbraledot udeavitlbaimidrbodyf shruratederéjactile launcliedafr@t the Bl

barrel having,a,tapered portion, conprising: a braking ring having a
surfac@%@ﬁ?ﬂgaﬁpﬁr&a?’ﬂ%&d@eﬁﬁfwr?%cP%i‘BBF‘g&‘ portion of the gun barrel,
wher ei g brilenPAAK hiNGng b BEHFAR¥BAL i héxti ha rates
during the'léa)luﬁ%h .olflé' the proj e%tﬁi&dlg‘%ér %%%tﬁgﬁeba rr%??@n?g&'&gh}e%%%%rﬁg

mec han"herein Hiei bydkingiring coroprises giftingibbomatesalithe disintkgnates during the ladreh of

m d- bo grated.projectile, the retaining mechanismrestraining the
m)vemenepggﬁ% g%%)%}hgcb[a{ulegax& ter the braking ring wedges in the tapered

por ti oaretaidingihechani¥m diifipirH € Adn-AhidlyRolpleie bRkihgriiy t5YRd Atebedy t he
braking, ring has a tapered. configuration to wedge into a taperec?’ breach

of t heObiFated propestilerthe retainingrgechanism restraining themovamesnt phithe peoj peti pfter the ng
conpri .8 ear el tol] f nt conposite material. 24. The ranm ng
br ake gf&gféaﬁﬁ‘?? 5 lier el rtléplttaeﬁegdt?ra I'ng ring conprises a configuration for
posi tioning around a set of folded fins of the projectile. 25. The ramm ng
br ake clai,m 1, wherein e retaini.ng nechani onpri ses at | east one
sem _-e?%\’sti gllh(?(ff’@md% a}(?@% “Bﬁ‘@“ r"g}]‘eé?,‘f‘i CSuriged ﬂég]ﬁﬁ%ﬂkm%d’“?ﬁ lPﬂj_.a togeredrne

r ammi ngorfigkiolto Gledhdtingy a WHEKAReALRB Ml ph@st one semi-el astic cord
conprises a material selected fromthe group consisting of aramd, nylon,
pol yester and pol yethyl ene fibers. 27. The ramm ng brake of claimb5,

furtheps conpyi ?a{xﬁ}gin% % O%la]cirlrlq?%%e%%(r} {Be (lj)irarllc%é rrllr\llgva éo%lfq}/rises a carbon-graphite

filament composite material.

24. The ramming brake of claim 1, wherein the braking ring comprises a configuration for

positioning around a set of folded fins of the projectile.

25.  The ramming brake of claim 1, wherein the retaining mechanism comprises at least one

semi-elastic cord coupling the projectile to the braking ring.

26.  The ramming brake of claim 5, wherein the at least one semi-elastic cord comprises a

material selected from the group consisting of aramid, nylon, polyester and polyethylene fibers.

27.  The ramming brake of claim 5, further comprising a lacing flange extending inwardly
from an aft end of the braking ring, the lacing flange having at least one aperture for lacing the at

least one semi-elastic cord to couple the braking ring to the projectile.



froman aft end of the braking ring, the lacing flange having at | east one
aperture for lacing the at |east one sem -elastic cord td)Z:glﬂM the
braking ring to the projectile. 1 2 NOV 2003 22 28. The ranm ng brake of
claim1l1, wherein the retaining mechanism conprises at | east one nounting
| eg coupling the projectile to the braking ring. 29. A raining brake for
use with a projectile |aunched fromthe barrel of a gun, the barrel
havi ng a tapered breach, conprising: a braking ring having a surface
configured to wedge into the tapered breach, a conical l|acing flange
attached to and extending i nwardly frdhan aft end of the braki ng ring;
and a retaining nmechani smconfigured to couple the lacing flange to the
projectile, the retaining nechanismrestraining the novenent of the

proj ec28.| e ‘Biie mmming bivakzlifelpimilpyheretipthe rétaininiganechapismednipriseccdt leasfoneThe

ramm ng bra f claim9. wh in the .braking ring conprises a
car bonl?'alr‘a:gﬁ?écc’lmhl%%ﬁmb%ﬁ{?gg?}leebr%lﬁfl%w‘%l. 31. The ranm ng brake of

claim9, wherein the retaining mechani smconprises at |east one

sem -elastic cord coupling the lacing flange to the projectile. 32. The
rami néf- br afdaigmgdirakedor use witle p projectifrelannchied siom the dameldf-acguas thedarrek d
conpri i S ted fromthe group consisting of aram d, nylon,
pol yesl?aglﬁggant H%%ﬁ%g%k%cg%@%ﬁ ers. 33. The ramm ng brake of claim?9,

wher ei abraking ringdianingfd sunfgee configurtdlo wvefpein®d ihe Yapetedspeachyr es
circunferentially, spaced around the flange, and the retaining mechani sm
conpr i %%gméﬁ ialc angg, attached tQ.andaxtendmng ipwardhe fommnaiiyendiaf dhebraking riag; of
the | agjgng flange. 34. A ranmng brake for use with a nid-body obturated
projectile |aunched fromthe barrel of a gum the barrel having a tapered
por t i chretagring meshangsm toxfigudkd 2308pI2 3healating lange toi thepiogectitey the rstairfiag e

configured to wedge into the t ed portio he. gun baryel; . and at
| east OREHSH-FPLTHm %ﬁﬁ?he&ﬁ“ggf pacﬁeqtth? 6‘3?3%‘3 {’)’é‘?’?‘gdfngt‘ﬁeé{gﬁ? indeg ring
and cqalsejrg[umedcﬁ,o couple the braking ring to the m d-body obturated

projectile, the at |least one nounting |leg restraining the novenent of the
projectile after tie braking ring wedges in the tapered portion of

30.  The ramming brake of claim 9, wherein the braking ring comprises a carbon-graphite

filament composite material.

31.  The ramming brake of claim 9, wherein the retaining mechanism comprises at least one

semi-elastic cord coupling the lacing flange to the projectile.

32.  The ramming brake of claim 11, wherein the at least one semi-elastic cord comprises a

material selected from the group consisting of aramid, nylon, polyester and polyethylene fibers.

33.  The ramming brake of claim 9, wherein:
the lacing flange includes a plurality of apertures circumferentially spaced around the flange, and
the retaining mechanism comprises at least one semi-elastic cord laced through the apertures of

the lacing flange.

34. A rainming brake for use with a mid-body obturated projectile launched from the barrel

of a gum, the barrel having a tapered portion, comprising:



the barrel. 35. The ramm ng brake of claim 14, wherein the surface of the
braking ring conprise a tapered configuration to \/\/edge‘liZ]tNO\htZ[m&ipered
breach of the barrel. 36. The ramm ng brake of claim 14, wherein the
braking ring conprises a carbon-graphite filament conposite material. 37.
The ramm ng brake of claim 14, wherein the braking ring and nounting | eg
conprise a carbon-graphite filanent conposite material. 38. The ramm ng
brake as set forth in claim 14, wherein the braking ring conprises a
frangi ble material that disintegrates 2§ri ng launch of the projectile from
the barrel. 39. The ranm ng brake of cfaim 14, wherein the braking ring
conprises a configuration for positioning around a set of folded fins of

the projectile. )
a braking ring having a surface configured to wedge into the tapered portion of the gun barrel;

and

at least one non-rigid mounting leg as an integral part of the braking ring and configured to
couple the braking ring to the mid-body obturated projectile, the at least one mounting leg
restraining the movement of the projectile after tie braking ring wedges in the tapered portion of

the barrel.

35.  The ramming brake of claim 14, wherein the surface of the braking ring comprise a

tapered configuration to wedge into at tapered breach of the barrel.

36.  The ramming brake of claim 14, wherein the braking ring comprises a carbon-graphite

filament composite material.

37.  The ramming brake of claim 14, wherein the braking ring and mounting leg comprise a

carbon-graphite filament composite material.

38.  The ramming brake as set forth in claim 14, wherein the braking ring comprises a

frangible material that disintegrates during launch of the projectile from the barrel.

39.  The ramming brake of claim 14, wherein the braking ring comprises a configuration for

positioning around a set of folded fins of the projectile.





