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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 projectile 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



RAMM NG BRAKE FOR GUN- LAUNCHED PRQIECTI LES TECHNI CAL FI ELD OF THE

I NVENTI ON This invention relates to projectiles | aunched f?angV m
barrel or cannon, and nore particularly to a ramring brake for -
gun-launched projectiles. BACKGROUND OF THE | NVENTI ON When | aunchi ng
projectiles out of large mlitary gugs or cannons, a typical |oading
technique is to first ramthe projettile into the breach of the gun, and
then to rama propelling charge in a shell casing behind the projectile.
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aft projectile is positioned in the bore of the barrel.

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

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



12 Nov 2003 2 end or rear obturator is used to stop the projectile once

It has travel ed an appropriate distance into the barrel. BeZcmquGUge rear
obturator has a dianeter |arger than the bore dianmeter of the gun, the
obturator is stopped during |loading of the projectile in an area of the
gun barrel where the inside dianeter decreases fromthe breach dianeter
to the bore dianeter. This area of inside dianmeter change is called the
forcing cone. Because the obturator is |located at the rear of the
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performs the obturatlon fu CtIOT However, for the rposes of this
appllcatléﬁhjfﬁgntéFhFre often longer than standar pro;ectlles 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
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.



"obturator” will be used generically to refer to both rotating bands and
obturators. Advanced projectiles ("smart" projectiles) are capable of
being fired fromthe same guns that are used to fire thq Zgggpggg%j
ungui ded projectiles described above. An exanple 1 2 NOV 2 an
ungui ded projectile is a standard ardillery shell which is basically a
| arge bullet. On the other hand, advanced proj ecti | es have enhanced
features such as electronic guidance and extended range rocket notors.
For exarrpg tajn - Wj ectiles are launched froma gun using
a propell M a rocket notor and a gui dance systemto
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projectile's ogerabi it Aéjdl ti on Iy, rake i s needed
surfaCe con gure to we ge’ into a tapered portion of the

gun barrel. In 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



to stop the projectile when it is rammed into the gun. Traditionally,
both of these functions have been perforned by the reaqubwava? or
rotating band, as descri bed above. However, since the obturato annot be
| ocated at the rear of the projectile on an advanced projectile, the
standard rear obturator/rotating bargd desi gn used w th ungui ded
projectiles nmust be replaced by one or nore conponents that serve the
functions of stopping the advanced projectile when ranmed into the gun

barrel. 1 03, 4 SUMVARY OF THE 1 NVENTI ON Accordj ngly, need has
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one errbod&i,’e Jr.]'ge?tastic cords are used to attach the braking ring to
the projectile. In such instances, the force needed to
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.



the invention, a ranm ng brake is provided that stops the aft end of a

m d- body obturated projectile fromentering the bore of 12 negY el
during loading of the projectile into the barrel. Furthernore, ramm ng
brakes incorporating teachings of the present invention are typically
fabricated froma material that digintegrates once the projectile is
fired fromthe gun. Such disintegration prevents the ramm ng brake from
damagi ng the inside of the gun barrel during launch. Additional technical
advant ages include_a ranm ng brake haV|ng a configuration that allows the
brake to be sFOFPBE | rﬁthéSbré@ch olusteagien nsedad a0t led teomaitrey

cone. Beca@ﬁelgﬁgaﬁawnyoeng%adﬁﬁﬁgiImrtak@n_%né&m&%& Lo dHiEJOISE NI
cone during |oading, this area typlca y 1 experi ehces high
wear. By b SVPHFﬁﬁné ARG d OB aR8Yf or “use with advanced projectiles that
stop in the breagre( \rs»hllozs1 aemwl%ceﬁMstttxla%l\e@reh@d%h'mq ?l piRile Of the
forcing cope_is mnimz However,” ramm ng brakes 1 ncorporating teachings
of he pr%geﬁFGpﬁ§eﬁtF@Hn§P§o°nfGﬁc?ﬁéﬁcmﬁéﬁdspéﬁﬁéﬁﬁhiﬁ*maforC|ng cone

i nstead of the breach (which may occur once the inner surface of the gun
barrel wears after man a rammng brake is provided in
one enbodPEEALL v o1es 2Evé NALONs not rigidly attached to

t he prOJectlIegmggalﬁéﬁggleugfseghéel%ggb@ngord§n@éﬁtgggp tonatt g &@ t he
braking ring to the projectile. In such instances e force needed to
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like and corresponding parts of the various drawings.

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



skilled in the art fromthe followng figures, descriptions, and cl ai ns.
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present invention and the advantages thereof, referencé 2 NOVodBldade to
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drawings in which: FIGURE 1 is an kllustration of a gun-Ilaunched
projectile for use 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 is a cross-section of the gun barrel of FIGURE 2,
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conjunction wth resent nvention he proj ec
the forces placed on the projectile when launched from the

M0 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 (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
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Payl oad segnent 14 includes the non-propul sion systenms of the projectile.
For exanple, payload segnment 14 typically includes a plurality of

sub- muni t t8nsreEuUsBAE oflFer t&PH osihee ddbwmtyr deve casos Paydboed] sagment

14 al so | h gl uge - t r\ani .GS: nac e.for_controllin t he
gui dance %)%{B%ﬁﬁﬁ#f)?%j'lggti?e%?g@ %é% ec_%a?ﬁ%?hgé%qalﬂw d 1@#& ]ﬁ rward
end and afoBfesSclanpniieds t ipropaflisieomd. sefmenlter 12t h_eI [BUsO)] wﬁlll de -

I ncl udes @& h t [ ' uj n tahilize the projectile
(alt hough&ﬁ%%%ﬁ)l i}sgi EDIW; %%é‘?l:}‘%gé% g‘ggggbgh%ts p(l)'%ee e%ﬁ“ﬁﬁ?g’rpayl oad
segbent 1and Fhusddhtwraterojsesti 122 1018 ndlordeedinat obt wiodmar wedig 22.

Qbt ur at or upgt | oS ti .QRht ur.at or, (not licitly
shown in %’I‘sﬁléRcE@%é ?ﬁetggg k]@)}ng’& l%%fjt?%gtl%ono otf%? hbecg%%t?fg‘ﬂber Etite

obt ur at orbaeeel 22 wWwor thber inseddel obhhe Dusbturater| ergidotanHatéi i r ocket
not or wal c J ] es, traditignal rear obturator, as
used on is%%%trer?g%%guﬁgg e%regjmetc}{al &5 RS, f'?l?%db‘?’FB the sane type
of gun, cannotImecuded. tif frnojleetiéxpldimasher eanfdbtutaatiet (Ofeameng t hat
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FIGURES 2 and 3. FIGURE 2 is an illustration of a gun
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 projectile travels along bore 140.
Such rotation is needed to give unguided projectiles

stability in flight.



the forces placed on the projectile when | aunched fromthe gun woul d cause

propul sion segnent 12 to buckle. The structure of propylsi nt 12
cannot be augnented to overcone this probl em because tgofmimm

woul d be added to the projectile (which would reduce the projectile's

range and/ or payl oad capacity). Howsver, if the obturator is noved near

the mddle of projectile 10 to a "m d-body" position, the |aunch forces
applied to propul sion segnent 12 are reduced. This is due to the fact

that payl oad sggpeRi-i1f (9{9\?”3603%‘%% S tlaat nids gorvvva}{ld of _the

obturator) bears part . the | oad, I'I'e propul’Ston éegne%? v E' Iény
struct ur echfurateghe prshaatdtlsr ) isearloadmd ot o pavarreéh additi amhe t he

forces tp%%gégiggpl i;ed t2 Jyopyl 'eq{}@]escggrgar%o 12b€%?eclgenle£@! ly .tensile

when a "nid-body” obturator is use en a rear Uratof is used, the
forces onPBPOPEAFsLEen Bagnent diamgrergehesal Ibhagonpbessiauhs e itad liyhe

redgcti one@fiah aynRehpyfar il he fget t engil e strengt.h of
propulsion?uzegnent ﬁzgigﬁ%yplca Iylégfter¥$%géggfé’c%#ﬁré?gpfggjngength,
a "m d- bodytlobr@valoralengubarirel fla0a arehrinboubarer 1#0r unse lwithe

advanced ' LL-es lecti 0. r the,reasons .described
above, ob%%?%%bgeatr%%%@ﬁe%s gfg)%g%glgl ykﬁgg:eat %ggﬁear %heéﬁlacoaf]e gt
proj ect i | ebugratepwbes: ant loateiide doastetient thafui e el tdmtt Hare tolet ur at or

s requi e e hal T he bt S D ke e rPriat Sid agll: B aepeE
m #0body therat bere odiewsterhel44unchiThénefeseappiiiesd the protytuirsitomr
segment lénté?s“fgkcgﬁg 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
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



di scussed below, this generally neans that the obturator, and thus
obturator seat 22, is located at a point along projectil®2NO¥h2H03wiil be
| oaded into the bore of the gun barrel. For this reason, the obturator
cannot have a |larger outer diameter than the bore of the barrel. I n order
to further explain the configurationgof 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. Barrel 110

i ncl udes thr ry_section reach 120, a forcing cone 130, and a
bore 140. %rfe& 1%%85%%1?8@8.%?5&&6 iineT swatacs chrikepandi ag to

t hese secttlvms.tde ¢haege guséacgré%éﬁrﬁtﬁpffrm 13RI 5 ShaA gR L ¥l Nvard
d end 124 of breach 120. An I nner surface

from an end 114 r

142 of borage}‘i%%c‘r%il%ft“gegr’{? VEH%WQJGFSFréFePn@Mnn?ﬁr%‘@@ﬁ@gg iA8 Péngth
of bore 14£bré'hls4miiaﬂeﬁ.ﬁrr®f11h§ r6dgds afagfs forward end 124 is |arger
tha% bore di arre‘%eelgC an inner surface 132 of forcing cone 130
forms a taperé %’ﬁﬁl?ﬁa?o‘ﬁotrﬁ'ré:&@@ﬁnér 3uirdck prasmbinabian, 129 to
i nner surfctem:ﬁ.ﬁﬂe@f abm\fe 144. féaQJREbBuﬂawﬁ IRrfiford Be0SEaRACH, PPN Of

bore 140 of ng en along line 3-3. Bore 140 contains a
plurali typcﬁc}?q‘ 900 é’ftf@ f 8r nRte rhedy habirater iga4tiN sedng

grooves 14f gremimhlzyé heg ncledrgdegnebat frmer&dv&c;ﬁlg BeRseki) gﬂgs and
where bore 140 %ﬁg# clEach riflipng groove spira I'ong bore 140 at a
constant &NGHE § 779, R SH FaadAE afd G éf4°oe§>rrr din moflimyfl i ng

gr aoves 1@€rdc01taﬁ €1 86 proaewévée afvh@ﬁ the ﬁ?é?gétlﬂéslge@.% dd&diapd the o
projectil tra eI al on bore Such rota ion is needed to give

ungui ded é)s' mast ofi E ,pquqec‘gqﬁ e, 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

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 projectile. 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



1 2 NOV 2003 9 Referring now to FIGURES 2 and 3, when a1rga$ q@hgrated
projectile is |loaded into barrel 110, the projectile is Ti Q¥ erted
into breach 120. The projectile has a dianeter |ess than, but
substantially equal to bore dianeter 144. Therefore, the projectile wll
travel along barrel 110 and into bate 140 until the obturator reaches
forcing cone 130. A typical rear obturator has an outside dianeter that
is smaller than the diameter of breach 120 at its forward end 124, but

| ar ger tq@g o) | 2 4. Therefore..when t bturater_.enters
forcing conéglég,g?%geggeg%étstﬁﬁﬁgncgﬁglPﬁtgoﬁgﬁF%'53% a %rﬁf?hg nner
surface 1B82fat mepeintinghpietéh#34 nside dianeter of forcing cone 130
general ly equa ut,si di_anet er_.qf. the ,obturat.or. .At this_point,
t he rear obturia o%’I;'Li%se(‘)rprteovceblﬁioé:> r?lryorﬁor?& |lr?g:¥1 fe%}?t\a/vagﬁ?:’teﬁ&sﬁsﬁ o’p’bi F‘nge t he
proj ecti lgun Thee efal ow t heodn r $orf unke i @rafel hengeachaoleyr ator is to act

o5 D Sl Ak 2ot SR Rk 5L LEQPLBOTE! B XeTLss o,
i nsert ed ohtthdrmashed2l dehibdevbe, psbnectthe. prdhecplidpeasi leadsdt hen
LYl ESfLe BLEPEILLD (SO 98y FEgh, COLYTSLEE 3B Y,
be fabr ip:xad_)jﬁeictibm $8i thél eanbntiret al I'ﬂkrenﬁce:rei,al:sammmg_hsgkbeamset S or
horop! 258 i B LAOUUSL, P05, BRES, o 8655 DL LS bSOLE, I 8T L1
farce thefials 422d of the projectile into bore 140. As the obturator is
forced into bogg 149y blake AY 199904601Q HELLING 9599VES2 that has
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



146 in bore 140. The obturator serves two other functions at this point.
The first function is to inpart a spin to the proj ect|19 Fg f@pgow’ ng the
spiraling configuration of rifling grooves 146 as the pro ! ' travel s
al ong bore 140. The other function is to provide a seal between the 1 2
NOV 2003 10 body of the projectile ggd the inner surface of the gun so
that the charge gases are obstructed™fromflow ng past the projectile
(between the projectile and inner surface 142 of bore 140 or in rlfllﬁg
grooves 146). Referring nowto FIGURES 1, 2 and 3 in conbination, as
descri bedp@b@\i@n afrebe batuedt oincanddngbehesedpeireld bpeajctcaindeth8.

| nst ead, bo obt taqr Ilized to . mnimze the charge gases
fromt ravel | néggeté\%een thlejfr?p(rg(%delc 3 Lh L Rd pﬁor%?rl%rp&s q-’llﬁu(ﬂg bﬁﬁ% 140
or inrif pmgegt@@ees(wmeh I—:Icsmedzmc;:uabed bkéop) ] etld lwedgihgadeédthset o

b I I I h bt t t '
post t1 oneq by, Braks” A I Fhe Pig Brited BRAASe ngueRartentn
bre&ch 12ﬁrfﬁhepafa6r donde bdbt ureaiaurn ghaetpaddjeamrm@t imave: @inppope

di t h B t di t f th
obt ur at or Porstrishe Whell e BHE, Barrtt FECELFRbRo R Homattredia® 1ne
m d- body hhghr aarmglemnr(mr behet I02hérasfcard:amnamﬁ lamk]&@t&lr iteg thedi ng.
Ther ef d- bt.ur at d f th fli
orcoves TRECHEPFRYST | PRAY A MERTH o o b (A TR A BPaRE FES

required gon peef:oraugheséarsctdxorte:xfrmsx tioning the projectile during

ra n Ref erci Fl.GU 4, there is shown an  .illustration,of one.
rIr(p 9. A Eg%%ﬁélgr A 4 )épicaffy rammeg into the gun garrel

enbodi nent of a
at speeds of seventeen to twenty feet per second. 1In order

- to properly position the projectile, it is preferable 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



I ncorporating teachings of the present invention. Ranm ng brake 410 is

utilized with a mid-body obturated projectile, like prdj2dNoV @00 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 net hod

of attaching ramming brake 410 to alprojectile. A set of tail fins 432
are attached to aft closure 430. In order to |load the projectile into the
gun, tail fins 432 are folded down behind aft closure 430. Tail fins 432

2 Fin rot APRFRGPBRACR AT T bPher PPBTaPESer F ReenrT SN thEe I &% 12
the gun usedl.| odnradditoont he propedinggetaatgedtit, bSrdﬁf élérablewt hat
G nce the BEyE8: FaRs T Haded PhasoPsragasrandtihE St plr iV el
of the paeadeetricund Sie 432] bunsstIhér beomet acimed ngo badkeclddure s
Do on DAL 4 EL OB 200 Sl BRG palitn s
gener al | y apglritndeiscak 3shape wafh arloswmee 4fiGnmered suf piloredtiky lafge to
contaln Tabledulite 437l iy o dde Dl e slapeoal ULk ot 10
proj ecti | @akcdnki fadngef 40ite ishar gengaadsftanget thassexthndaghnwanding
e ool S BTLAS, UALS F bkt Eherth U5 o oG B,
i8.19l i ght linitiegpaledwi ohf are abeakiice) rshgpe haeicigiganfbamee dimeier that
s slight la%gig%l li%r‘/vaaf[d to provide a surface against which cords 416
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



a forward end 414 than at an aft end 415. The taper of braking ring 412
generally conforns to and fits with the taper in the g??ﬁpg ﬂ®3the gun
just before the forcing cone. Therefore, when the proj | oaded
into the gun barrel, braking ring 412 wedges into and stops in this
tapered area. In addition, braking ging. 412 may be configured to wedge
I nto other portions of the gun barrel, such as the forcing cone. However,
the forcing cone experiences the greatest anount of wear of any part of
the gun barrel, and thus it is advantageous to use a braking ring 412
confi gur e@hesenbdgE LR eHHU TSI B fisd etin PeFAPGelof [trimgerte? al
braki ng rkndodlzheak-d I« o b aki kN d hbed I HiRY wedge
into any tapered 1 ¢ 28%26150 %?t?gﬁdgg ?ﬁg gggégf, F%%F% th t'he
tapered bEBScHMa3FRFiAL 4Ypdi kg cgmr.maf-%daamméagt duaksperlY pbei td oni ng
the proj \ | L 51 €ld S elo [ o] e Ng
br ake 410§?E ngﬁf%ﬁﬁ??§§€%|ﬁ§?§€?%g$ sﬁ%?i%?§ﬂ§@??i§gfo%quaﬂée to
ret2in t hefptheeMugsenty 1R¥EPESPRr Utpdireson WAEAt Rarhon-Bxapdites

el evated ek 1dRRHESSRY 2biniceedny! RefRbdpeRalHEr IP?S f%@o@%pl led to

the projectile, such as inpacts fromthe fransportation un over
rough seaBoWeVesEnr &ther supkaplet hpkersalypi gurhyas agwadakat estiex .gun

barrel - abo3pesderof a3l HdRN dhidEN ik 88! LBER SeEABA: bRgAkdang Lo
properly position the projectile, 1t is preferable to stop e préiectlle
within anfFRBhtHE SCORRNF dechp@Tesent 1nventdie®n.anming brake is rigidly
atigehed to therBURECE 110udditedd of 4@ brAlfkbntNE e AMHLR HAKe
p.is nuch greater than the force that nust be stoppe ermrthe .
brake 510 incorporating teachings of the present invention.
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,



ranm ng brake is not rigidly attached to the projectile._  Therefore,

I nstead of being rigidly attached to the projectile, ﬂerN% 200319 412 is
coupled to aft closure 430 through a retaining systemthat includes a
plurality of sem -elastic cords or |laces 416. Wen the projectile is
ranmmed into the barrel 110, and ramaeng brake 412 stops in the breach
120, sone percentage of cords 416 may stretch wth varying degrees of

el asticity, and sonme may stretch inelastically. Sonme cords 416 nmay even

break. The _accunul_ated ciffect of, t %ﬁe differen% resgonses cts to
absorb nmuBRYSE 1% 0% @ 1 28 1AGHUTS Br BRAGG CInHOEBE 1R, PRtET 3P0si ti on
tEe Eroj euisie}lcdetbolatfu;jadmg:ab?]mmg | baregk e ﬁo gtmj sclbi:dﬁjze%tieéﬂ I yxfdt)a»ﬁJMardﬁ in
the barrel after cords,416 have stretche ue to.the brakj orces. The
terms ' se#ﬁe- u@ﬁ?ﬁ% Coo%ﬁ%harse € é}hﬁéﬁ%a‘?fr YRR BB BT TR %ﬂ?samgﬁgﬁ cation
to descri hembeirs efff eciourtirds 4ifled e Juefl anapl ybé abraepded witBwy am d
fibers gagld gnder he trademark KEVI R%, however, other suitable 12 Nov
2003 13 BAEartESSuth©8s tﬁ‘ﬁ ofiCOBSI st BheoPL5SASHR hiTEFREHT: be Tused.
Ln addi ti aﬁdﬁﬁibﬁﬂvijrdd)?gtfﬂl@sémétBlSC&agS th e?*]lcmyv f d8hed lr)rglﬁgg&leal | 4é2 to
e position ehind aft . closure 430 . and aroun i.ns 432, hut st.i e
attached ?’6%51 %r@]%lslﬂﬁerlﬁgogliéon?éf RS e2bFafBrdnity ﬁ’i@é‘d’r’&eﬁ&é’&l a

pluralityseb usperd Wresapidfopriedd £do5emend3Rethdda plurality of
cpertures 418 o1 St flange 20,01 LNTLRG b RLe t0te, Yaelig | ane
Fing 412, rand Es2f ovawechr nregidd diidnteddie dhiaki g sufficiacing fdrajege 420
's angl egoi Q\é\%ggmrfo%aptreovtirgee ?olscilerc{ afciensaggé “@ﬁe“@igg‘eggi es. 41126amming
brake 510 is slipped 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



can be laced to couple ranm ng brake 410 to aft closure 430. The nunber
of apertures 418, 436 and the method of |acing may be WArNGW 2803 hout
departing fromthe scope of the present invention. For exanple, a single
cord may be laced through every aperture 418, 436, or a series of cords
may each be | aced between discrete gigups of apertures 418, 436. In
addition, any other suitable retaining nmechanisns for coupling rammng
brake 410 to aft closure 430 nay al so be used. Because ranm ng brake 410

IS positiogsﬁ around fins 432, in order for fins 432 to open after

| aunch, rafBSTE Ik D JRRATHES EFaratas spPamithangs sicane 1ef gme t he
proj ecti| epresentetintdnetish tddMet indS v YRy Mot JALTHEY brake 410
disintegrate during firing so as not to “produce excessive wear inside the
gun barrel, and not endanger personnel and objects |ocated near the gun.
Therefore, rammng brake 410 is typically made froma material(s) that is
frangi bl e 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 wi thstand high
tenperatures in the gun barrel created by the repeated firing of the gun.
The material- 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 thernoset resin, such as epoxy.



However, other suitable materials, such as cyanate ester, polyester, and
bi smal ei m de, may be used wi thout departing fromthe sc?pzamv gmﬂ pr esent
invention. FIGURE 6 illustrates a second enbodi ment of a ra n br ake
510 incorporating teachings of the pre$&nt invention. As with ramm ng
brake 410, ramm ng brake 510 is operable for use with a m d-body
obturated projectile. Rammi ng brake 510 includes a braking ring 512. As
W th brakiwgAT SECHEARED 1samm ng brake 410, braking ring 512 has a
slightly tapered conical shape. 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 cqnj : ' i N i i ed to
conformwi th the taé'er i % taﬁrgﬁgégﬁg@ﬁe (;Nﬂ‘r 1%%%2\5%%% g‘ﬁ?%&j%@%%ﬁ?@%met he
forci ng cdamchebnfeor thertarrebofakgungthe bargel hid@ingve thpesedipotton, comaprisingps in this
tapered area when.the.projectile.is ra . wever s wi.th braki.ng rin
41F2), bPaki ng rias? '?E) mgR WL Wg{’}gggo E’g&edp%wFalﬂerﬁgﬁgploﬂc?:ﬂﬂ}egnsl 019
the gun hahrkabrel, Wleréift thelbrakivg Rh@lemAR&s 4 dangible Maeka HI0dpegal Uuse

a retaining mechanismthat sem -elastically attaches braking ring 512 to

t he associddugthsiymek of the projepsifefzem therbargl Avd br ake 510 uses a retaining

nmechani sm t hat ,i / I i gi d.k'ﬁ%' t hat
extend fromf 8r‘?v%lrdggg:ﬁﬁ%%ﬂggé%@gﬁaﬁtg%@ﬁly?gZ&h%gﬁgl@%er gflgﬁn%?ge?
def i ned bymididody obyraedprofettlej thesntining medhanisinhrestraining thedinavenent of the

br aki [ 12.. T ti ; 18 , h b I
dur 1 ngO) oGS S rolRE B PR Fos BERAPRRY: &1 me 51 cach | nol ude a

pair of nounting holes 520

@ 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 ring.
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.



that the nunber of nounting arns 518 and the nunber of hol es 520
may be varied wi thout departing fromthe scope of the present invention.
In addition, mounting arns 518 nmay eiiher be fornmed integral wth
braking ring 512, or later attached to braking ring 512 using an
appropriate fastening nethod. As with braking ring 412 of ramm ng brake
410, braking ®Bing Fhe dadmifd brile 08 Chide, Sfurthératomprising fd Cdcaipt Ingeaar ge
to accommodate the folded fins of the projectile. Ramm. ng brake 510 is

sl i pped ov&tending invsardlydfram 38 afrendpd th%@%@sﬂnget,he\mmg Aengethaxingaat deast5 18
facing for el aei i 5 r i i

cor r oapond aareraitt e lac S ot RlsCA SombAgh ' Bl R ot bl 3y Bine

proj ecti | erojéctilast eni ng nenber, such as a bolt or screw, is then placed
t hrough the nounting holes of the projectile and nounting holes 518 of
ranning brake 510 in order to secure brake 510 to the projectile. FIGURE
7 illustrates wanm Mge baglend 1rakd Wit €fhifN 1 ARviRtdin Cthe Sttfiniag 2meéhadism
projectile 530. The materials for fabrication of the ramm ng brake 510
nust neet SPHENAAEIeAY GnF MoHRtElcepling B pEejesside torfhe brakingww€i on wi t h

ramm ng brake 410. Preferably, the material used to fabricate ranm ng
brake 510 is a graphite conposite material. For exanple, one enbodi nent
of the present invention utilizes a wound carbon-graphite filanment to
reinforce a thernoset resin, such as epoxy. However, other suitable
material s, such as cyanate ester, polyester, and bismal eimde, may be used
wi t hout departing fromthe scope of the present invention. Al though the
present invention and its advantages have

used to attach ramm ng brake 510 to a projectile. It 'él 3 der st ood
rNﬂ)Et ﬂbf{;

A,



been described in detail, it should be understood that various changes,
substitutions, and alterations can be made 1 2 NOV 2003 16 é}hezrgﬁjn w t hout
departing fromthe spirit and scope of the present inve NGV, defi ned
by the appended clains. 1 2 NOV 2003 179WHAT IS CLAIMED IS: 1. A ranm ng
brake for use with a m d-body obturated projectile |aunched fromthe
barrel of a gun, the barrel havi ng a tapered portion, conprising: a
braking ring h ng 2 0 ad rtion
of the gun ba?l\rolel agllrﬁg{n %ﬁ&@ agél(r?’gtﬂrl Syggglgng?‘?@ggd grgﬁ @%%{)rﬁldofp?

mat eri al tgvat thdbsneitlmgmgiaemeradmreaag ciompnlsmlnch of the pr 01 ectile fromthe

barrel; and a r n chanl SmM CcOo ur,ed to non | e the
beakng oagt o trns il PHaH ik Castines wedsd gt the Bbfrd heAR
nmechani sm r est raaddaidaplating MRYe feRhedlo dndextdAiRkafVANE Réhah aW&deff&Ké ng
ring wedges in the tapered portion. 2. The ramm ng brake of Cdaiml,

wher ei i t H5aking AiBgandf the braking ring has a tapered configuration to
wedge into at At g RaTo el aim
1, wherein the pt%{agrﬂ frn(rél ng Sg{)cr?%? %@gl&g% egtE)‘o-rll-:ilg1 ﬁl’ll }Elﬁﬁgaﬁg e
conposi t e m@atnang aiechadusn(:aﬂmharg e Mdrenreatot thg imo;dceleoéﬁeﬂths iprakingnhieg ei n
t he brakin in onpri configuration for positioning around a set
of fol ded ‘%‘{ggs @f‘ﬁ?ﬁgﬂﬁﬁgf"é@h le. 6. The ranming brake of Oaim1, wherein
t he retaining nmechanism conprises at | east one sem -elastic cord coupling
t he prrqjectlle to the braking ring 7. The ramm ng brake of C aim 6,
wher eil® t he at lleastThgfamming b@k&ﬁl@a@bﬂ@ whergir the dalang sing (qomprises) ct ed
fromthe g . | on, pol yester and pol yethyl ene

L 391@ ﬁ%&%ﬁéﬁ% SmAdsAT hrfdteridl

fibers.

12. The ramming brake of Claim 10, wherein the retaining mechanism

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.



18 8. The ramm ng brake of Caim6, further conprising a |lacing flange
extending inwardly froman aft end of the braking ri ng,,1tpeN¢\aczf0P3; fl ange
having at | east one aperture for lacing the at |east one sem-elastic
cord to couple the braking ring to theoprojectile. 9. The ramm ng brake
of Caim1l, wherein the retaining nechanism conprises at |east one
mounting | eg coupling the projectile to the braking ring. 1 2 NOV 2003 19
10. A rammi ng Reake afar U ' | ecki - ~ rrel of
a gun, the ba??'el avi ng§§b%p§52ﬁo@égﬁé L@#ﬁ%@&?ﬁgr&%?@%{%ﬁlg@rl ng
havi ng a dtonf the bamweirffiagun,ahe barehkaideg a npered pertivapempdsingeach; a coni cal

| aci ng flange attached to and extendi inwardly froman aft end of the
braking ring; & Bfkéngr%'fgal?at‘ﬁ%ga sr'r’é%?ﬁa?ﬂnggﬂ“@gmw e‘Btottg‘]3 tapeRsH @OFHoR of thei ng
flange toguhBarloir@dctil e, the retaining nmechani smrestraining the
movenent of the projectile after the braking ring wedges in the tapered
breach? 11. That &%ﬁﬂ?gﬂ%wé maqunting, l¢g aspan wmw@lipﬁrtnfe%wr@mklng rirignapd
conpri ses . = S0 L T HuldR al, mm ng
br ake of &g%qg%?i%,gré\%gﬁelggy ngrt li[éé b@?{ﬁr}? g’gmrrg@h%m sm&?’(%%?réﬁrrl?’i%sata%ﬁf 5e‘gcst one
sem - el astmioynting tegaesirairing)the meoviementnef the arogeetitecafien ¢hepbrakiog ringevedgdsSin The
ranm ng b'faekte of G{fii mfﬁﬁ Wmfrei n the at | east one sem -elastic cord
conpri ses }%1 %qf%drqo 1o ?:P fromthe group consisting of aram d, nylon,
pol yester and polyethylene fibers. 14. The ramm ng brake of C aim 10,

wherein: the lacing flange includes a plurality of apertures L
circutferentialfy sphe rammingbrgke offfdaim Afguhereindhe perfacetodiths hgkingdingni sm

COMPI | SES o2 tapRR SAALuIGTD Weaginth 4 A5G bR Bifirer 3PCr tUT S Of

the | acing ange.
®

carbon-graphite filament composite material.

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

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.



20 15. A ramming brake for use with a m d-body obturated P o&@gt@hg
| aunched fromthe barrel of a gun, the barrel having a taze tion,
conprising: a braking ring having a surface configured to wedge into the
tapered portion of the gun barrel; and at |east one non-rigid nounting
|l eg as an integral part of the braking ring and configured to couple the
braking ring to the m d-body obturated projectile, the at | east one
nounting |l eg restraining the novenent of the projectile after the braking
ring wedges in the tapered portion of the barrel. 16. The ramm ng brake
of O aim15, wherein the surface of th&lbraking ring conprises a tapered
configuration to wedge into a tapered breach of the barrel. 17. The

ranm ng brake of C aim 15, wherein the braking ring conprises a

car bon-2dr apH\ tamrhinigdmaketforasepriti 4 midrhodyr otthrated Pojedtile launohsd forh tiakisared
Claim 15, wherein the brakin ing and mogunting |eg conprise a

car bon-"S?§Bﬁi4‘%i’W713‘ﬁ§9ﬂgaé?ﬁ?g“dé‘?‘l’gmhﬁ?’@ﬂ‘%‘f’g‘ 19. The ranming brake as set
forth iambrilidg Ahd Ravidg & & ' b Rto tiOEPEr i !

mat eri al thggt |si.n¥%gr5§ltﬁ{e&sercgﬁ?$frﬁgdqlogﬁerg§h%g? t he 5%%F%I?Pﬁg%r om t gl’

bar r el Whein thedrakingiting compiisss o ffraggiblematerialthasrdisinte grates dnring the lainch of
conpri ges. a. figuration for positioning around a set of folded fins of
t he prg}ee g&ef@.%?iongﬂﬁ%%@%‘?ﬂ 21. A rammng brake for use with a

m d- bodyetaiing mecdniijoasigired té AsRERRY, Jupld the Brakitpriilg toThe MidHEdy t e
barrel having a taPered portion, conprising: a braking ring having a

sur f ac Q0REHE] prosstle; thevelaiing mechanise restriniag theoneventenbef the projentilpafterdhe
wher ei i ' ri a frangible material that disintegrates
duri ngB{ g‘%i}{ﬁh&%ﬁﬂ@%é&%ﬁ%dgﬁl ‘e fromthe barrel; and a retaining
mechani sm configured to non-rigidly couple the braking ring to the

Tovenoht of MHEABROPERRKE 6l REL}. Whesein B age 91 i ORRIRAE PsiPrber ol

port i OBenfiguration to wedge into a tapered breach of the barrel.

23.  The ramming brake of claim 1, wherein the braking ring comprises 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.



22. The ramm ng brake of claim1, wherein the surface of the braking ring
has a tapered configuration to wedge into a tapered bread 2 MOVt @8)3oarrel .
23. The ramm ng brake of claim1l, wherein the braking ring conprises a
carbon-graphite filanent conposite material. 24. The ranm ng brake of
claim11l, wherein the braking ring conprises a configuration for
positioning around a set of folded fins of the projectile. 25. The ramm ng
brake of claim 1, wherein the retaining nechani smconprises at |east one
sem -elastic cord coupling the projectile to the braking ring. 26. The
ranm ng brake of claimb5, wherein the %% |east one seni-elastic cord
conprises a material selected fromthe group consisting of aramd, nylon,
pol yester and pol yethyl ene fi bers. 27. The ramm ng brake of claim5,

f ur t he?8.conphe rwimming birakesi of glaimd nwbereit tha détaiginigmaechahiym domprisesatddast @red of

the brakina ring, the lacing.fla aving at | east one aperture for

| aci ngl%f)%@g%leg?%‘%?lgé eepr&ac%{l{eépg%ﬁ?rghe%pggt o couple the braking ring to
the projectile. 1 2 NOV 2003 22 28. The ramm ng brake of claim1l, wherein
the retaining nmechani smconprises at |east one nounting | eg coupling the
proj ec?d-| e AdainHg bsakadon gse Witlya prgectile lannatied dro tie dafrok ofiasgunwiherbarrel

pr oj eci | Q . harrel of a gun, the barrel having a tapered
breach%dvg%w%épégﬁﬁggeagﬁ’bra |§161§'ri ng having a surface configured to wedge

i nt o tdlkrakimgeingthabingacdurface comfigared td actiggintd e gpenddiredvhd to and ext endi ng
inwardly fr an aft end of the braking ring; and a retaining mechani sm
conf | gm&@acaf 5}}, e giiached &9 3 xtendie lﬂwaid%éffﬁmnéé’ft endeot the rakiag £ingi ng
nmechanjygm restrai ning the novenent of the projectile after the braking
ring wedges in the tapered breach. 30. The ranm ng brake of claim9,

wher ei awetaigng mekhangsm icoufiguoerbioi coaple dheclaciing laggetotthe projdciileq thenttaommgposi t e
material . 31. The.ramy ng brak claim9 rein. the retainin

nec har{pg%aglgwprp ggaérémg{t?xel ‘gg‘éetm%‘ﬁ 8Ptfh§ & 9&1%@%@&%@?&“&6{?& W?@eﬁ Wetﬂ? aci ng

f I angaapered BRagh.0j ectile. 32. The rammi ng brake of claim 11, wherein the
at | east one sem -elastic cord conprises a material selected fromthe
group consisting of aram d, nylon, polyester and polyethylene fibers.

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:



33. The ramm ng brake of claim9, wherein: the lacing flange includes a
plurality of apertures circunferentially spaced around fh2 NOWr2083 and

t he retaining mechani sm conprises at | east one sem -elastic cord | aced

t hrough the apertures of the lacing flange. 34. A ramm ng brake for use
with a md-body obturated projectile |aunched fromthe barrel of a gum
the barrel having a tapered portion, conprising: 1 2 NOV 2003 23 a braking
ring having a surface configured to wedge into the tapered portion of the
gun barrel; and at |east one non-rigig mounting leg as an integral part
of the braking ring and configured to %ouple the braking ring to the

m d- body obturated projectile, the at | east one nounting |leg restraining
t he movenent of the projectile after tie braking ring wedges in the

t aper ed hsdfing oag baving a sdzcesonfigged thwedggrintorthe tapered portion ofithe gun bapielr ei n

t he su%Lgce of the braking ring conprise a tapered configuration to wedge
into at tapered breach of the barrel. 36. The ramm ng brake of claim 14,
wher ei rat léast dne alsh4tigid mogntiyipg bsasinteged paa bf tHedplikihg ring ah@ 6&Tfiguesdngposi t e
material. 37. The ramm ng brake of claim 14, wherein the braking ring and

mount i $§uPle reirigng sae fo theamiddedy chpratedpiojactiire e 2t lapiierouning lega) . 38.
iy €4 v ! _ . . 150
Compr | Skt BB of BE bibidoR) et b BVl gl Beicieh pcich of.

pr oj ectthd barfel.om t he barrel. 39. The ranm ng brake of claim 14, wherein the
braking ring conprises a configuration for positioning around a set of

fol ded fins of the projectile.

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.





