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BACKGROUND OF THE INVENTION [0001]The present invention
WQeMsiiitttlates to firearms, and more particularly to an impriy&d/S2007/004688
composite firearm barrel. [0002]The barrel of a firearm is in essence a
pressure vessel that is subjected to heat and forces of combustion
generated by igniting a cartridge powder charge when the firearm is
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have soritridldobéenainglibé watreiimer steel tubes with adhesives, press-fitting, screwed
or threaded connections, sweating or brazing, and by casting. These production techniques
may result in composite barrels that may separate over repeated cycles of discharging a
firearm due to inadequate bonding or coupling between the inner tubes and outer sleeves or
shells. Some known designs may also require multiple fabrication steps and be labor
intensive to produce, thereby sometimes making manufacture of these conventional
composite barrels complicated and expensive.
[0003] Accordingly, there is a need for a light-weight composite barrel that is simple
and economical to manufacture, and yet provides a strong and permanent bond between the

inner and outer components.

SUMMARY OF THE INVENTION
[0004] An improved composite barrel and novel method for forming the same is

provided that overcomes the foregoing shortcomings of known composite barrels. Ina



provided that overcomes the foregoing shortcomings of known composite

barrels. Ina WO 2008/054461PCT/US2007/004688 preferred
WQaBHHA46ht, a composite barrel according to principles of th€pFa&ep7/004688

invention is made by forging which provides a superior and strong bond
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inner tube are shaped as helical grooves extending at least partially along
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smooth surface in the first configuration and has a plurality of raised areas in the second
configuration. In another embodiment, at least some of the raised areas are received in
recessed areas of the inner tube to bond the inner tube and outer sleeve together. The
recessed areas of the inner tube are preferably disposed in an exterior surface of the inner
tube and in one embodiment may extend circumferentially around at least a portion of the
exterior surface. In one exemplary embodiment, the recessed areas of the inner tube are

shaped as helical grooves extending at least partially along a length of the tube. In another



embodiment, the recessed areas may be in the form of a knurled surface
on at least a portion of the outer surface of the inner tube. [0007]In
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the tube-sleeve assembly to bond the outer sleeve to the inner tube. In one embodiment, the
forging step includes hammering the outer surface of the sleeve in a generally radially inward
direction. In one embodiment, the tube is made of steel or steel-alloy and the sleeve is made
of a metal selected from the group consisting of aluminum, aluminum-alloy, titanium, and
titanium-alloy. In one embodiment, the tube is made of metal having a first density and the
sleeve is made of metal having a second density, the first density being different than the
second density. Preferably, the second density is less than the first density in a preferred
embodiment. The method may further include the step of rotating the tube-sleeve assembly

during the forging step. In one embodiment, the tube-sleeve assembly is a firearm barrel.
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WO 2008/054461PCT/US2007/004688 1000111As used herein, any
reference to either orientation or direction is intended primarily for the
WQaMHEN#teEe in describing the preferred embodiment and is RSt THEAMIE 04688
in any way to limit the scope of the present invention thereto. BRIEF
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any Jeg0a dimiGthe ssaptorfghagireatur dsestctiohetaicen through a preferred
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[0001rrel of Fhe featenaighemsedentsddimbodiofeaty vabibie desteibed suittaceference to
the fSBHFHEARMIGIURRere like elements are labeled similarly, and in which:

[00013) FIG. 1 is a longitudinal cross-section taken through a preferred embodiment of
a composite firearm barrel produced in accordance with a preferred method of production

described herein, and showing the outer sleeve and inner tube;

[00014] FIG. 2 is a side view of the inner tube of the barrel of FIG. 1 showing one
embodiment of a possible exterior surface structure of the tube;

[00015] FIG. 3 is a detail view of a portion of the barrel cross-section of FIG. 1;
[00016] FIG. 4 is a longitudinal cross-section of a portion of the outer sleeve of the
barrel of FIG. 1;

[00017] FIG. 5 is a side view of the inner tube of the barrel of FIG. 1 showing another

possible embodiment of an exterior surface structure of the tube;
[00018] FIG. 6 is a side view of the barrel of FIG. 1 showing its progression from
original pre-forged form to final post-forged form as it is fed through the preferred fabrication

process using a hammer forging machine;

[00019] FIG. 7 is a front view of one of the forging hammers of FIG. 6;
[(00020] FIG. 8 is a cross-section taken through the finished barrel of FIG. 1; and
[00021] FIG. 9 is a partial longitudinal cross-section through the barrel of FIG. 1 prior

to forging and showing the inner tube inserted in the outer sleeve.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00022] In order that the invention may be understood, a preferred embodiment, which
is given by way of example only, will now be described with reference to the drawings. The
preferred embodiment is described for convenience with reference and without limitation to a
firearm barrel for a rifle. However, the principles disclosed herein may be used with equal
advantage for a pistol or handgun. According, the invention is not limited in this respect.
Moreover, the process for manufacturing composite material parts described herein may
equally be employed for making light-weight components other than firearm barrels where

weight and manufacturing savings are advantageous, such as in the aerospace industry.



[00015]FIG. 3 is a detail view of a portion of the barrel cross-section of
FIG. 1; [00016]FIG. 4 is a longitudinal cross-section of a portion of the
WQ28¥/45d¢t/e of the barrel of FIG. 1; [00017]FIG. 5 is a side viBGWTGFIAH7/004688
inner tube of the barrel of FIG. 1 showing another possible embodiment of
Accoadirgticnios srefiacaigirootss daktite diizeeit @Al Corbpssitesittioles\is abt limited
the barrel of FIG. 1 showing its progression from original pre-forged form
to ﬁf?arﬂh ?15815?%‘#81%%0%?%“55 it is fed through the preferred fabrication
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connescr%Povr\lligg, tahsesf.'nr(])r\ln?]{.t a?réﬁ‘i%rﬁ%%rifést grel glltjéga | 516 36 which provides a path
through which a bullet propelled from a discharged cartridge may travel, a chamber 28 at one
end for receiving and holding the cartridge, and a muzzle 30 at a second opposite end from
which the bullet ultimately exits the firearm. Bore 36 communicates with chamber 28 and
extends through the longitudinal centerline of barrel 20 from chamber 28 through muzzle 30,
as shown. Bore 36 defines a longitudinal axis of barrel 20. As shown in FIG. 1, chamber 28
is preferably configured and adapted to compliment the shape of the cartridge. As
conventionally practiced in the art, rifling 48 is preferably provided on the surface of bore 36
to impart spin to an exiting bullet for improving accuracy. Rifling 48 may be described as a
shallow spiral groove which may be cut or formed in the wall of the bore 36.

[00024] Barrel 20 preferably is a composite structure formed from different materials
to permit a reduction in total barrel weight to be realized. In the preferred embodiment
shown, barrel 20 includes an inner tube 32 and an outer sleeve 34 attached to the inner tube.
Preferably, inner tube 32 is made from a metal or metal alloy having sufficient strength and
ductility to withstand the heat and pressure forces of combustion created when a cartridge is
discharged, such as steel or steel alloy. In some embodiments, inner tube 32 may be made of
stainless steel or chrome-moly steel. The tube may be made by drilling roundstock, casting,
extrusion, or any other processes conventionally used in the art. Inner tube 32 functions as a
liner for outer sleeve 34.

[00025] Outer sleeve 34 is preferably made of a malleable metal or metal alloy having
a weight and density less than the weight and density of inner tube 32 to reduce the combined
total weight of barrel 20. Referring also to FIG. 4, sleeve 34 is also preferably in the form of
a tube similar to inner tube 32 and has an outside diameter ODs. In a preferred embodiment,
outer sleeve 34 is made of aluminum or titanium, or alloys of either aluminum or titanium.
Some preferred exemplary aluminums are types T651 and T6511. One preferred exemplary
titanium alloy is Ti-6Al-4V. It should be noted that other light-weight metals (e.g.,
magnesium or magnesium alloys, etc.) are contemplated and may be used so long as the
sleeve material has a weight and density less than that of the inner liner tube 32, and are

sufficiently malleable for forging and bonding to the inner tube.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS [00022]In order

that the invention may be understood, a preferred embodiment, which is
WQRISH B 4hy of example only, will now be described with refdiehES1e) 94688
drawings. The preferred embodiment is described for convenience with
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) in the wall of the bore 36%00024]Barre.| preferably is a composite
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tube RREE|MRIAN: oh8eEZEMIN the preferred embodiment shown, barrel
20 includes an inner tube 32 and an outer sleeve 34 attached to the inner
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of combustion created when a cartridge is discharged, such as steel or
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roundstock, casting, extrusion, or afg% other processes conv_entlonalli/{_
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prefe{9|992§{| Rutehalsny ot BRI RGRY fYe AtaJDniaaRiR el efi SreiBk surface
alloy having
40. Ridges 46 preferably may be produced by conventional methods such as cutting grooves

44 into exterior surface 40 of inner tube 32. In other embodiments, the ridges and grooves
may be cast into inner tube 32 if the tube is made by casting. Ridges 46 preferably have top
surfaces that are shaped to be substantially flat in one embodiment; however, other top shapes
such as arcuate, pointed, etc. may be used. The axial side wall surfaces of ridges 46, which
also form the walls of grooves 44, may be straight, arcuate, angled, or another shape.
Preferably, ridges 46 may have an axial longitudinal width equal to or greater than the axial
longitudinal width of grooves 44. Grooves 44 also preferably may have substantially flat,

arcuate, or sharply angled bottom surfaces. In one possible embodiment by way of example
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a weight and density less than the weight and density of inner tube 32 to
reduce the combined total weight of barrel 20. Referring also to FIG. 4,
WQRISHESIAK also preferably in the form of a tube similar to inF&rTHYHR087004688
and has an outside diameter ODs. In a preferred embodiment, outer
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2008/054461PCT/US2007/004688 . )
40 of inner tube 32 that provide cavities of sufficient depth to longitudinally lock outer sleeve
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only, ridges 46 may have a typical width of about 0.09 inches and grooves

44 may have a typical width of about 0.03 inches. However, other widths
WQF0pHPRd4646 and grooves 44 may be provided. Threading 42RGE{P'S2007/004688

preferably have a typical pitch in some embodiments of about 8

34 tafiheddeginyHarging thieaurine possiblerembqstisfensisiii bt a preferred
embHAiRALE/ @&@&8&@&3&@%%?@& [9%9?{911%895\3;@&?9#3&4%9&'9%' } Abe
ading ¢ y tig y

screw or machine-type threading characterize tly spaced, sharp
relatpiediieanpetikprimdapeingorged fogetiving iwhdutdeal sthheauiteg wishonly a portion of

xSRI e L0 110 WSO R pimens

Therfifreride mcsspedshieas inetdentirgimyqyrided song theedisplimthroéieria tube 32 or
mayﬁgg}gua%ﬁ%@g{y%%é}égl B DREORS SNl R AN RoeRY

intd grooves 4 eatlg e Sleeve and inner tube
Acc@dingtpd eild bhepprafat duhtithe anvegtivithswicdirstad ed theaeveax4h plsoof

poss{YAIANERURILEC AR ARMISGINIRG e aRd costs Lo cut the Ihreads
than It conventional threaded were used with tightly spaced peaks and
[00033poves. G060 AllDntadipgel2meag thefadbly chteriecdnofareetSarily, be

. structure of inner. tube 32 is described above, other.suitable confi jons . . .
e B A e e B B AR B R de TR gen
cut ondvingdhatpbamel?6d Rureadcirighe $nor peédescdretnYesiapeyg hadtediag 42 is left-

T R R S RS

t recel
handsdffitidetifipgadde lefshendedarbrinkitie retatisnshipdenyeomposirieavel 20 as

d,inner tube 32. Various threadi onfiguratjons known in the art m
deso e B R S o R B e O S e and
riflinget 8 ppoeiiated dbd atiserande ot shefatec K enayfassenskawBdenliamharbe 32 is

forms or shapes rather.than threading so o S recesses or.depressjons,.
ot 13RS LV i L o S D) <l 0 P ST hscacing
would2deamagbemsdefended tightertidifrannectienh Herve 3 pcodiseed By 4hé inner tube
ing.process..|n.one alternatjve embodjment, exterigr surface 40 of
2. AT, L P e R e AL A A Ty have
the saiapaddindadytiondlahesdiay misohl&embbdinwhishf s inal belicrbahelbond
are oriented supstantially perpendicular (not shown) to the longitudinal .
betw g8 UL IEE1S Th A DR e RS PR G A mieril
deforiageioncchihetaban the tarsadddauntiegion afvae provided on exterior
face 4Q.in.lieu of threading, Furthermore, the exterior surface 40
100084 et RELGTIE B ot B ABHT aRErR MO A e cameliisd
comﬁbhsit@lﬁﬁﬁaeﬁd iedadveing @ﬁm@ﬁ&ﬁﬁ@feﬁmwm@ﬁﬂhﬁfeg {50011 Iyrefe;]ably has a
ed random patterps, geometric shapes, or other configurations. This .
wall ﬁi%&?ﬁﬁamﬁeﬁ?ﬁ@@ maah%a%m&%ﬁ&%%ﬁg@méé Aggrein and
to retafrirnnaabldardadihaopsoreikavdios abssdiictantide aibctarlengiviein@ifige, while
Ioc%%%gl_eeve WO 2008/054461PCT/US2007/004688 34 to the tube
o

on thg o ¥ SRAthEPMELTIasdBYIAAEMRIURISIGH HoPa TSt Blyter sleeve 34

prefeeiBhogisnenaleriRlioe sLsiREEIda & e 33 trARNed SuiitehaislesWarrel 20
34 may, be relatjyely smooth prior to being f_orgoedt ether. It should also .
and (B ORAHEE RN T HOVFERELY (AT BB PAT kb S b agAbired. Tt will be

apprevattal theR GRS SREkATERS ID £ibslde0s IhitieRHesiNRINS-af) RiEHQAHR, s2€ and type
recessed areas geed élot be provided along the entire length of inper tube

of firarig, hing FRBHATHER A AREHAR PiatefRY BIABICRISITRCAI6A forbe tnner tube
and sieegth DtbeninatoR\6capprdphiaté vHit lae:siepdoe Mdiaatitea ipyiatiasn ampt

limited to the few examples of possible recessed surface configurations
mate S O AP IS LG 8 Wy referably, bu
[00038)ed not TigepaSaitdd BRthod or process of making a composite barrel according to

principles of the present invention will now be described with reference to FIGS. 1-3.
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directionally oriented in an opposite direction than rifling 48 in bore 36
(see FIG. 1) which is cut or formed into barrel 20. For example, in a
WoratgHREHEmbodiment, threading 42 is left-handed and riflingPA8r{§S2007/004688
right-handed. In other embodiments, threading 42 may be right-handed
Composgitdlbaifihg048 psdfsitabbnfbeched byirforgisgp andansrefpredialgl y byiasiieer forging
. _barrel 20.as described.in detail.below, the use of site hand thread
wsing & T D e sSe ARE TReR B i nar
Fur Fertiganpsteehnhd( anddvistebirerizhud G fut81e32, iawsntiiodseruwadralhaaniber

o A S Y

industran@hanentehadal Altessatiegiys itvith i rrbberidtbrexthsik tybRally shorter

oan 0SSR LAD0 SO NS oSSR sl e

raised relit€ionléeisei b nedidowarthubegB s idnkailyhiobored Hindentivnmandtel

. material,defarmation, rather than by a threaded connection alope. ..
essentiqJ g5 |RE TG D Fal TG AUETEIR0 b BchBLE) A R i guts diameter of
the maﬁ&ﬂﬁé@‘g]@o@ﬂiﬁﬁ@%ﬂﬁﬁ?%ﬂ&iﬂ@fﬂﬁf&ﬁéﬁ@ﬁﬁﬂﬁd& aiwseéwiteufmémti Rehén

inner tube 32 prefera as a thickness Tt that on one hand is .
progresSIHEIs EH) R EIE i BASIE, A HTRE o Rouh e s TR e RResing
hamme%ﬁﬁiﬂﬁﬁﬁdﬁ@él&?ﬁz&% é@_f@@sfaﬁ@ﬁgiaﬂﬁis\fbﬁbwﬁ@ﬁﬂm%ﬁg él%ﬁgﬁtléigﬁ% barrel to

whjle on the, other. hand is small enough, so as to not add undue weight to
producg 8 hamshhaNifie A JBisRSETRYERG AV BE digranten tanessand all fhen the
blank usedke bexthendgsiesouisidei fliagistesRubRHS) eoancetPiRiaYiBRRANYore at the

.additignal strength to the compgsite barrel that may be required. It will be

same timen, Alemnattyicly. 44 ’é‘ﬁtﬁ‘&é%%%’rﬁd“é?e@x‘?é’%‘ﬂt%&kﬁé&@éﬁ%ﬂ‘%wmﬁo“-

This saMEidfensi Zeachicd RSy Helicad 1o PriadcasiRGi &draéld RmB R H¥thod
used, and materials selected for the inner tube and sleeve. Determination

described hepsip i SiEALNEastotRs e Licshiah It AHEROSH I SPEHRG! Yyrew and
addition@psldreyisrimibrinkiitestnd theambliéashintbadte daRABHRIFBEUREIERIBSSIte

method or process of making a composite barrel according.to principles of

barrels fceqsring Ht thoaRmsPIENINSDF bo erienipduchliminareneddif o sepita)

expend RRBINRI R PARARG SperefRiabbytormed by forging, and more preferably
ammer forging using a commercially-available hammer forging

by h : -
[00036} 5 chinEhsurfagaf sagthadipbnakingpsOmpesits pasrebbriatdunpirvidige steel
barrel bMARGHNGIRAY e EMAdToEWE rOURY RodR ORNGHRI BGRBITERER 8RS be formed

conventionally have been used to manufacture one-piece steel barrels in

in the bageekblak Ry AEE8 torieats I SRS REOR SRRE SiAth tsoTd avbishdias
an initiigPidnabieinisaidcharter thathrreriiied it shed Rrirb AR & ace 40

not shon\g?, which may include the rifling in raised relief on it, is inserted

of tube éamm guHacs kst hsormnl smpryrddarentisueskionyeeiving
deforméRinimsRAITETLRer 16ierTeianafit w el 3 mwfa%jﬁ@epfaegegter of the

mandrel is selected in part based on the desired final bore diameter. The
Alternafiigly, BOWEYEpri L SR aRPrEiatsrbiigh hecPFRaES MeX Ragia rspsyring and

providiREPradhiec A el Dy eRPRARING, RAMMBRAS A @ﬂm@ﬁ%%mm&mm@ry
forging. This process thins and elongates the barrel to produce a barrel

including;grigriaTihisRe i ettt inRiBnERRIIaTIWERsF b iaanidehenisrigidhrasding

42 musPRYLUERS de Raglrdhe process. The rifling is concurrently produced in
the barrel bore at the same time, Alternatively, the rifling may be cut into

[00037}e parfBiteothcth O slsXeatd SidtanErviteds Whirk REr iRy niscmithe dosp of a
tube haPRIaR AURPERFEHES TPIMBGRIS PRSI UIBEHRG MEIRY fdsriber BRI eIt 4).

which heretofore has not been used for that purpose. Accordingly, new

Inner susfage FARRSHEIRBIY BRYR MNPy iRt rRushrned si96s the materéddtred
intende@t® RAUFBrERNAAG TBrbed Rk ASCHALP SR tjuewm?@s afiéreftreeiiédnner

hijch eliminates additional capjtal expenditures an .
surface %&ﬁ?ﬁéﬁ BACIAROLAN G toges fé?éé?@]ﬁ%%?é‘?é% brefRegbinebngegessed
composite barrel begins by providing steel barrel blank which may be in
the form of round stock. Internal bore 36 may then be formed in the barrel
blank by drilling to create the hollow structure of inner steel tube 32 which
has an initially plain exterior surface 40. Exterior threading 42 is next cut

mmtA AviAariary ctivFarnsa AN AfF f1ilhAa O +A nrevvniAdA c1ivfFAarlrA rarAacene 1 A FArma



areas of the tube exterior surface 40 by the forging process. Preferably,
however, inner surface 52 does not have a surface configured with
WO288884ek sunken areas that may interfere with material froR $/EERBR04688
from being relatively uniformly forced into the grooves 44 of inner tube 32
areas ofhdandingxtenve sstfeea 8 b pthédapindpocesubBtefetiatily Lhnfoesenvaiher
surtace SIHBSSHTBAQUSH siccve 3d may beprodused n i same.gcnaral,

Fianner descnbed above for ifner tube é%c, oreby eXIUSioN of other
interfertewithimataiabfronoslgevuedd firotheeirigfetactal y amifomndytftabeit tonhérgeoves
._preferre bodiment outer sleevg, 34 i ferably made of aluminum,

4 of i e e DR R e BT S A B il
thicknesigitw@ahdrrsietals 33 motdegitodacadinhheusadt pumeckd dntheyhdaseribed above

. sufficient malleahility. to undergq deformation during the.forging process to
for inncp fuhe 30 QF P SR 158! (e AR e BB P e
comporeindaba coioi) Uas pydfeserdiem budém o Bi2islccon®t Blpesferdlythigle of

. places the inner, surface.52 of outer sleeve 34 proximate to exteriar .
alumin, SR, R ANSY 3 ARG SR LT T RN RG BT el eht-
weight aletdlpbaceatdllangydhmigngtnsad peividedfdiantsvoitifictes veatlagbilineto

tupe. The, outside diameter Oar of inner steel liner tube 32 (FIG, 2) js
undergq 8 A H D R IR RS T L EFAOLED RS F ST LA o5 FIG.
2). (FIG. 1) so that the tube may slide into the outer sleeve. A relatively close

fit and mewh?t ht dimensional tolerapces between innePrt e 32 and

;
(000381, S, RPTA RN BT BPLRIFE Y EReTP G SR esh pig

sleeve UtGhHeRN@ Sthisipiexindied g nptiomay de:{erss gibkiraatghly exterior surface
grooves 44 of steel tube 36;0 prodyce %ercure hond dyring the ham

er
40 of ing bbb BRESBTF N OB R BEirRmcube AL AlRELR A hsdength
and cirdlgﬁ?fé’réii@é wﬁgxlaé greivef%hgﬁar{ée lﬁx@@ﬂ?ﬂiﬁ@ﬂ?jﬂéﬁﬁhﬁié&ﬂﬂgﬂﬁﬁﬁiﬂbﬂgteel
. eferring to F L4 an Snowin eeve the, latter whic ows a
liner tumﬁaﬁéﬁs@ééefﬁ)fﬁrﬁwmﬁlalisapﬁ’eﬁ%fﬁmé‘?eﬁefb%dgﬁﬁ@grféaﬁﬁa guter
sleeve TUBIG!a8%6 BAdBioRdENGINgldeUiRs HheaxReinilesaurTRcefid oy IRRWHit and

passageway 54 preferably is relatively uniform and smooth withoyt an

somewig{ sighf dimensional aﬁrewésbsmﬁﬂmnaeréa%%ﬁaﬂe%?ﬁ Jrsuedadeiore

forging RYIRIRHRA BHORGHBISEIRIA WhIRsminmR CIes d3ndshrbaRaMéNe dHBeay be
and outer sleeve by forging. Inner tube 32 in a preferred embodiment may
forced BErauEbROSRREARIN e SR QR USF A RE e PRRIERPERB B
hammePRSR3R (RO&ROWN). 100040]Referring to FIG. 6, the tube-sleeve
assembly 32, 34 is next loaded into the hammer for&g@ing machine. A

[00039}ammdf lberRaledrIAIPEIRRRKS ASSRRbBHERH BER DERS SHIEN Qibe 32,
prefabrRBAIREIHREIRAEBULAS SRR BIYoR & Ret M) RENGHBIdNSFIEY. thRFRIM ishowing

advanced in an axial direction F into the forging machine. Both the

sleeve 3 4Hhriatieravhisl sbewya RadiahbRsssection droush aiRastonaf Foet B oy 2
inserted M TRE PR MOREDINSAURIS O BIRE PP R AN BVl MGG RS MSCAiRCe

Tube-sleeve assembly 32, 34 continues to advance towards the foi%ingrf
suriace

passagezetioh pefheabhainiatiyidyirs{asm anduanethyishas say sebstant
structur® B?&g&iiﬁgiﬂﬂﬁlmqu’%ﬁ%@&m%nﬂéﬂ Hi\%hﬂﬂf@f@fé%ﬂﬂf@ﬁﬁing

, "hammer") the outer surface of sleeve 34 with substantial force. This

(i.e. :
a £00d B e AR BTHOHS RO Ui ARSET OB DRI
embodifREN A9 bEXY SR HaNdatewhisRRRE? MdHeRiomnd it AreI8r aRlYoth

is generally perpendicular to the workpiece surface such as outer surface
bore 36pQisbRWIL 34. 1000411In one embodiment, the forging machine may

[00040 FONtaINFOREARMEEIS. 76) (RO AWE-sliRaassbmtita iy in 41 EndkiNoadll into the
elevation view) with two-pairs each bein? diametrically-opposed by an

hammep, forging maehigy réebammerdorgemauditidaop shosma S BiscHasirongR brye 36
of tube 37 SPWB WhilRtheaiizrmig! IRisAthdmRlsR Aol ackfomGREIY Blced in

. depicting the tube-sleeve assembly 32. 34. The supporting structure for
an axiahireelioRo Bt hefesmpshitfe BRIbHAE %prdf&‘g T U@Ly 32,
and operation thereof may be readily determined by those skilled in the
art by reference to the forging machille manufacturer's operating and
maintenance manuals. Accordingly, for the sake of brevity, these aspects
of the forging machine and references are not duplicated herein. It will be

nAatad that tha Aavial fanAdA vata AarnA ratatinarnal ecnandA 7TDDAMN AF +thA



[00042]Figure 7 shows a front elevation view of a typical hammer from
FIG. 6 (viewed axially along tube-sleeve assembly 32, 34 in feed direction
WQE289§0848Mging machine). Each hammer 70 may be general\P$TARSRMEY 1pr688
shape in one embodiment and have a striking surface 71 which strikes
34 are amdldefernstytheater byiteefergihgan dchiaestdeleteise mble 3 axdly Foikingd in
urface 71 in some embodiments may be slightly radiused, and/ar angled .
the ma%lrﬁnguégtsﬂ fng Sur a?’gy agr?glgiA ngxé'}‘%w%%g"g{}ﬁ%ﬁ.lﬁgﬁst g%‘ﬁé’?%ﬁfz"“‘m
of the macinidecandstseutibriahtekei vatigpimresecd ogld1Adimgan paoica yt el b pichilidps

egrees bout 155 degrees in some gmbodiments, but may. be smaller
s SR AR TRE S R SEBABONR Bt ke S
with substaenabifoR2, FhiVprytass ankievwh aivo he resag forpingludéadifieringaypetlate

f aesthetic syrface fipishes from very.smooth where the hammer marks
back ang] 0 A R PR Eei S i Ao SR BTE B Y
generallppeitentivshinovhichdteleacvndadoansh asinestidaall§nofiskeaiesd.
ccordjngly, angle Al is nat limited to the foregoing range. WO
[00041 ooaﬁ%‘&%ﬁﬂ&%&%%ﬁ%ﬁ%ﬁgﬁ A SR B HoHS PR aEe. 70
(shownidiagminm%aicm)kl)i miﬁd;;b@ fiyprlot Reamivedal jargn gygq;allmﬂ @afk_zlﬁQjéil_{Qe
. osjtion or nymber of forgi ammers ysed, or individual configuration or
diamet T BN P CHETE S Ay 1 L b 48] GHIE G aERREd
hammegy Tithags shitahietiiipehelHorgtigatparrethamnedeResVinie@ obelusgds0
as.the outer sleeﬁ%rg%)r{ﬁge formed and bonded to the inner tube in
d

. .lo
depicting dhe RhS SIeEYR 3TN & SPRRP N HCB AR BR ARG SEm pier
comporiénFletafls bitBeShaaMBenFoRIHY YNAChid, CRAlBPpsioh IRt IVeaREdily

.adyanced thro the hammer forge. The impact hammers 70 strike outer
detem&a@&ﬁs’éeo#%\]@g)& U6 AR ERRETRISLIS 1OfcR TR pPaghinssfpanpfacturer’s
operatingpdningtsithadhbensiaani. aaseniliigay0 eRdibeaies diNsr R an el s ARG bf

70 preferably strike sleeve 34 app%{gximately perpendicular to outer

the forglngmachipe 409 FYISTFRGRSIRFSROL AR Al digrrethid taatbhg Rotehhaldhe axial
feed rata@afldiRfiatBsabigRea APVM)iCH tcaaberliae saseeBBhetwaesy headjusted and

mandrel and jnner tube 32 on the inside, and the hammers 70 on the

OptimizgQ AS ARAWTCHPYiFREATSIBR RIS R UtFA PRRed Qltrelivmsteroh fedstsmbly and

wall thi€lauEe DMBIHRN eEhits e haMEves Sebafbhiri vesvataerdishlageRand This
forced to flow into the cavities or recessed areas of the inner tube exterior

may easily-be-delpsminies, b those skdlodinrie eRbERush restariRb RS UaIhShaEGh
materiaBBGRRH &M eRKIed dhgiaavandhavaadhad ensigeys engages the

grooves, of inner tube 32 to join the sleeve and tube together. Preferably,

[00042] 1 5 rikii B8R sTRRVS 3hrantelevatien yisvaripaissihangentenddGudre
(viewedigigIpRlvnsubBEaN Y 1528818 Het ot SIQRNRSI IF LR m&emgmg
also

embedded material from outer sleeve 34. The forging operation

maching), fach hamaner Tlhmay e gensasily foangnlatdn shiRsin ameanbedimsnyand
have a RGBS BAORT WH@R%@M@@M&GQ&W&R%@@@@#& inpssanially

ueezed off the mandrel as it progresses through the gscillatin

S t S .
assemblyitridrsS HKHEIHTEE h ol IRmeFRReSiER!s taXSromgulyerativsefhags/or
angled foPRYEREILHrIREnYISUYRRIraBIENS IS SREGHMS ebikSitNRRr thibAsrally round cross

. depressing ridges 44 into Inner surface 52 of the outer sleeve 34, there
section ?Serﬁ‘ﬁ

b
LIRSS sibMSIh Mg dvRical Y Ahatth P drersride sbonb S8 dgrecs
in sometetiBoliReAR]|daSRaY belBrird for@r AP SiBaY ehaspapO begen g biigrgoes

a physical transformation in terms of size during the forging process,

diametegiof i, FyReSIRRYFiASSCERI e-itthl Yow iwaienglaiel &AR fifapseddo produce
differin@BaRMbhssstistiiniidfcefabiica frins ey THderhl ek ARSathiNe3 atfsSn

generally reduced in diameter and longitudinally elongated or increased in
f

outer sufiafen afiplgexesih Ay RRSRe AN GIOIseaklimi  koyghah Enishtriahish the
hammerdisitlacad. idatramipinedi tehsks | aRveransg M s a he RIPNeREs I the
. length by about 15% or more. Accordingly, after forging, the final outside
foregoing 13&fer ODs of outer sleeve 34 is smaller than the beginning outside
diameter ODs. Sleeve wall thickness Ts also becomes smaller than its
initial thickness. And sleeve length 11 (see FIG. 4) becomes longer after
the forging process. Length Lt of inner tube 32 becomes longer than its

first prefabrication length after forging. Outside diameter OM and wall
+thirlyrnAce T+ rinAarcam A radiicrtialm 1m c17 A AanA harAr€mAa crA A HHar TNONACLTD,



caliber rimfire rifle using a hammer forging machine, the following
dimensional transformations resulted with a barrel having a steel inner
WQ98s8344ml titanium outer sleeve 34. Before forging, inner tuBeTADSRYT/4p#688

initial ODt of 0.375 inches and an IDt of 0.245 inches. After forging, tube
[0004332 had b simalld ikstidedithateberniDentod0i 886t ihohed bpdype tDtamt2dTd
forgin irr]rcl:gc Sm(ginaelchtknlg AesHion odrenSiregep Oﬁoqrialrrp tgﬁl%lq,ssgslgg tigrnn?éiéucﬁlaa?le
OrEIng RUHAVEr ditve erpnecessary fbmpro Uce thetasired bore diame erf.
configiaatoncindbtadsrefihetiemaiap trexisabtedy A3Ydtypadidiatence Solgiogfromhine or

forqing based_ on the outside diameter ODt of tube 32. Concomitantly, thi
oter syGRRORRAE 9 AT T A Y B R S IR RLT et e
may badaferintdampbended tantedisimdaostst ry tor gangeresedis valentomgitnetidascribed
. displacement of material and elongation of the tube. The mandrel and
herein. . ochanical properties of the steel essentially limits in part the inwards

[00044jadial displackpephiaf PG ariel dec caduatiblyiA2]i3drueteinudsich tbded

... forces materjal to be displaced in. a longitudinal direction instead, It will be
iy A e TR S T P e
50 of skRReGMNAItanehdslisrfoectbdopapsepivebtshdmnnr tho Zuinskiesva dbembly

above example). [00047]Befqre forging, outer sleeve 34 in the same 22
around agriar e B bRl B PO P Fetsc RS AR s
perpen@icQ1ar & ipeleesuAiar J0rgiagn slesiel Bdimast ds idirkauisidthdizadeity ODs

of 0.947 inches and an IDs of about 0.325 inches. Accaordingly, a
comPrEES A A ERRRS TS B0, T ATRRILY FRLPREEA TRl e rigadss) and
inner t@%t e s iRidaiRMBETH Rinthels FUeBdhdansderitaidly ciftisnefaentially

resulted in a growth in length Ls of sleeve 34 by.about 115% '% S[Eea%/e ¢
consrg e RlF i kS SB R AR B TR TS TR Ry i aee e to
be disglsBlPsRITBRIcal t ARt ahanthe NI eddkredaesss dR e @Beaexderior
mechanical properties of the titanium essentially limits in part th%?f&%
in

surfacqifxinelhnsranenues dtial Ridfirplass L masriab bom Auter sl ayesrb

embed AT REMVEAA irR {RiFaR RléoEah RS dispiassddvRilmegiiustinalto join the
direction instead. It will be appreciated that a redu%l?n irhwall thiCTtﬁssd th of
sleeve yaddubrtagetharmBiefcsphly mmnatsnipldiem: Yerig thi B AYIFaSHRaLE Rk he depth 0

groovePPURMLIZIRENGBIY LNBsalRA PRnenla: Hpidstidistresine desdifed with
operation, in addition to the fore%oiqg?dimensional changes that occur

embedgeAanaleraleramAEE it IIBRIRRCERHam P FaksH mpterial from

sleeve SATHIW AN 5N ARBN A et IHCHN GhiR A e 8BS Lohgep s leayth 3fds forging
reshaped being now characterized by a series of helical raised ric%%ei@wq]
than befasesJamgadvesshitialhrsaussged RAMEIRAURI S RGRSTHE Hgea? the

oscillafif QRVes 4Rl innerdidatia akbisdierulisthorardingdeiersriatianagf

oufer sleeve 34 by forging which forces its material to flow into gdge 46

conversely §eosvesdiromitisaraispectve o iiBrminpneE tabess sRFRs Unsetidesn 4 1Bk
inner JAPSI0SH AGHRIGIASH¥IdE XAl AR I8 K RIMTnsQIBRRsHiB AN ehédafpisation

techniques used heretofore, the final reconfigured composite barrel

correspendingitg s pideshidsobthsdubfesent invention advantageously derives a
(000451709 ARG GRGHEbERS FabhitERENARNb B MATSEOLS agdiinealin

contrast to barrel liners havinr&ﬁcast-on sleeves, the forged composite

transfasmetipafimeTprest sizhdurns s ereinfprocete s G tha sshopd final
size thﬁf@?&%&!@ﬁx\éﬁ ARsEiTeR2s Afsisdrisgerilingadsneny omissaliebe

ammered in bore 36 of inner tube 32 if a mandrel with rifling in raised

assem bdyidPaddcicamserlnBRAerd pralidreicnand eI inmin g Rnepisd qEngeased in
length B S DABIRG WAL IRB G ReiNg antiasiadustaRpitedaiThe

lands mounted on a long rod of a hydraulic ram through the barrel bore.

combipgebrubatalearsassenib haaebnalenierin iknetby @B tdnyatimore.

AccorHROYNRGI6IIRINE HeNDUIAR aRaeRd 0D GhiEig eaehiningnaller than
chamber in the barrel, etc may then be co%%%gqéo tube-sleeve

the begipningytsise shametfdlrsa Sisevsvrthe: BIOREERI TR EMHHGY than its
material deformation produces a strong and secure bond between tube 32
and outer tube 34 to the extent that the materials of the two components
are virtually fused together into a single bi-metal component such that the
interface between the inner tube and outer sleeve materials may become
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composite barrel having a bond between the two components that is

superior in strength and durability to conventional methods of bonding
WQrt8s&¢drrel components together as described above. ThBEd/US2007/004688

conventional methods do not structurally reform and reshape the

initial tupkpeswe nﬁn@@da&slehgﬂrﬁsr@lgedﬁ%}_ lbecmghmﬁgallyfmubéefcﬂ’@'ng process.
ne L RPN T O i e g A,

In"contrast to conven poSi
OutsidthdéanleterdoPpomients] thidlars £$s endedpo ju st hardureih tigedhdrbécome smaller.

omposje barrel.made by the foregping forging process fuses the
L e e e R e
calibermiarfirel hifte iaynglr hiimmirdoegidd macighegisehitingrip diftemional

Accardingly, the co site harrel of the present jnvention will hot loose
rans UL L AR T RLsE LG HAR BPGELnium Cute lecv
34. Bafdnefurgegusheptabtis2sddabinidanGiriogRINIdrtionising E3t3ing.245

nches! TS R FARTERL A SR s RS9 M an
of 0.2 1Asdactisglfinplr t0UbHsHd eaakReiTvé derediRticiengiriSsaleniba 6€alineble mandrel
weight reduction which may be achieved

) OOOSZC%AS an exa E)Ie a qﬁygl:r%%le -
diamet] e CeSSAROGE ARRCE Ahret o R Sl Ig o prRIRIRE B aEdyragm Rt
approxiﬁWﬁBH,OfIB'F? CRUIEAED %ﬂﬁb&@@@ﬂf@h@%@@@%f%@i&%}m@ Bt of
range of apout 7-8 pounds using .an aluminum outer sleeve and 4-5 .
tube 3%, HH%"HgiﬁatL?’tiéﬁiﬁ%?é?ﬁ%i‘%‘?é&?egrfb‘ﬁﬁ‘s@] feaRtutd plitsidd thaahput 13%
as tubelYiRRcRfalADAssad dndall shisdedess srsispd dailth ehih ke ANEIHRAGYEplacement

together with the tuhe-sleeve assembly 32, 34 feed rate through the
of matw&ﬁwé#ar&e%w@&mﬁmhéf Pﬁdnmévrﬂ@emmwlrarammeé thegteel

essenti@SURREsSHAptheiihadensuhaigaRcks T and fleRYR] BabRA@ion in

experience with using hammer forge machines in producing conventional

diametgp, which thepfarges mapderiakiq b divpizreddmp inngstvdinpkddention ingtead It

will bel@pprétniza the: iorearinenardetRisiRsPmebaing asatisfasiRonemdy occur
between the tube and sleeve. It will also be appreciated that the initial

during the fo7jaa p3eseiid AhaHt Rtk dedhssd thf abepeexalRlekve necessary to

[00047@r0duc%6fﬁf@f5€%9@9&ﬁ89 RReNE Dakreief MiRdORE BINENSIONS NyilMeién had
based on the caliber of the firearm barre| intended to be produced.

an initigd 33 pfrle LR dBTIRY ARA GG OE QY Bty s ubdiF i rap s esmp bede

final ol@i8eisettbomslsionaithgsHilenapEelsf KBeReOBI Y néRAdAeBrdingly, a
is contemplated that more than two materials may be honded together to

reductigppf ARPESFIRRE e abrindigmeierdesttie e fOrging Rasrd amile autge

. diamet?ODSHNGRFACSSFS @BACBINEHRIES MidhaPesandIN A B8N H RYBAIS off
be desirable to construct an article having a strong, hard inner tube

sleeve gﬁ%@h@_m@,m slerxFamatesiab SO RRES S thaf hisalacad xnferging rets in a
longitudfAl QLSSHRQSE S RRdER ehdQcHBRYSHTor BRI VRPARhELRISRBE AN

one such possible embodiment, this construction may include a steel ,
mechanigd PRRerdFtihihesiéanivitessiptie i dimitidn RAraIFmAHmOmitARRIGS radial

displac%lﬁ@x\lﬁ‘o‘# IsReReth GRS R ASE MAURSNE N IR Bha H¥ SR Snaterial to be
varjations of multiple materijal composite articles that are contemplated

displacgd inadgngduiinagl duackiondnstsado thuill hsaprseciptadd b Bdustiaminwall
thickned§ 9§ et BeESIN nldP QBRIORRAHINGD 2 BRRENSE ARPRELREIBR RS Miht 1e2

) foregoing process may used to create composite parts for numerous
inches ypthe-ahsecaraiied to firearms where it is desirable

[00048) During the forging operation, in addition to the foregoing dimensional changes
that occur, outer sleeve 34 also concomitantly undergoes a transformation in configuration or
shape. After forging, inner surface 52 of sleeve 34 is reshaped being now characterized by a

series of helical raised ridges and recessed grooves which are substantially a reverse image of
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to have the stronger and more dense material on the outside of the
composite tubular structure for various reasons, such as impact
WOo8arteé ko exteriorly applied loads. In essence, this constrR&idHIZ0HE04688
reverse of the exemplary firearm barrel construction described above. In
the ridgaset pasdiglommebédivhiamietitabe B2e Tuskesuttsfipostte gefortnadonay outer

[ de a lower density inner tybe made of aluminum, jitanjum, or allgys..
steeve B S e TG AR 06 e
tube 3 wnpponamstiydpixbthosfguecthdtetsatogetery adstundinglheid2omnddudeknown

slegve escribed above, but rely reversingthe lighter and heavier .
compog i R B R e Sl S s i
barrel asttinding topoiitspes bifithy theseitdibhenden idgaitepevialyatevives fosgoig imd

m pner imilar, to thaiides ribe abOf/ef .tube:sleeve assembly 32, 34.
secure @on rom this reshasp}%g ransformation. a{dlltjlggd%ct?{grg% é?%ﬁrg%i 1Ners

uch construction y be advantageous
having aestepateeedubizifs get exergiooing byatlighthy pighédu ivamttankisusijenor
stren g,{ﬁ:re beneficial. [000561Although the hammer forging process is described
)erein and preferred, it will be appreciated that other forging techniques
[00049%nd madhthesane tianteubp!stes cadomdyyiB2 1346 o gradia iagmpd iy

omion g B R A b e
describpdefeored epabridid e mhwhitiedyeséhngnventidded witldre 3hbp@inng drajold
oming S S AR R RAGR 5 e
ram thrd@finekkibaiinel deeoMpRenineLidnse 34 Ray thestaboatedsiigaeimibe 3u] Auyl

appreciate that the invention may be used with. many modifications of |
final mag e R PRSP LR L0 BRI MPRTRRE i the

barrel, Wsedrinytiepircicnsteiimartiasewigkmte,salicylay e adapted to

specific needs and operating requirements, withqut departing from the
[°°°5°brinciplcgge§<ﬁ¥é“§r@é%ﬁfﬁ Bcwﬁ*?ﬁé“&%'éwﬁ??ﬂ?éﬁ%%mﬂﬁﬁsﬁﬁﬁgﬂﬁ and
secure Boadibeteidie tibbsTansisiacecute a3l lepectaasn thustiativatanslet the two

restrictive, the scope of the inyention, bein%cdefin d by the appended

compongatsare YRR B ST BHOF IRBLEE (PRGBS t the
interfaRARRREER BRIARA0E06 304 SuclaimsicinAenathamd phieomipaladerged

unpercS VA, e erormad Composie Lhttel thus auods Sotental Tedsenes betmden the
joined barrel components which could otherwise vibrate and possibly separate after repeated
cycles of discharging the firearm. It should be noted that the material from outer sleeve 34
need not be completely forced by forging into every portion of inner tube helical groove 44
so long as a sufficient circumferential and longitudinal extent of the groove is filled with
sleeve material to provide a strong bond between the barrel components. Accordingly, some
portions of the barrel 20 where the bond is not perfect is acceptable.

[00051] The forging process advantageously produces a light-weight and strong
composite barrel having a bond between the two components that is superior in strength and
durability to conventional methods of bonding different barrel components together as
described above. These conventional methods do not structurally reform and reshape the
component materials, but merely attempt to mechanically couple the barrel components
together without altering their structure or shape. And in contrast to conventional composite
barrel constructions using two threaded components that are essentially just screwed together,

a composite barrel made by the foregoing forging process fuses the materials together which
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providing an inner tube having a first density and a wall thickness, the
inner tube defining a bore having a diameter larger than the wall thickness
WQRIHEMFHEE tube; providing an outer sleeve having a second BERASHS2E3404688
than the first density; inserting the inner tube into the outer tube defining a
cannot fshenstaenvedsskodsiyed acithg firstranall ysecbp o ibrad it edinredrthrbeghaving
. a rior surface inchuding recessed areas di ed proximate to the .
aischar B e e B SR o v
loosen ford)jmat et tieneohpaiklitepa, pherbditynodrdiengietripalbesspdosathgeously
reciprocating hammers having radiall sci%atin inward and.outward, .
productS 8 B e i SR S e gk e
alreadytiw aserh fireniorkenguind; sivd ultimgenhiat\firetatine apd el ywativarudingei darrels.
ube-sleeye assembly through the reciprocating hammers from the first
Aecord g e e R P PR g R B surtace of
[00052]he sleevedn exaathls)\aitypiad disiptii ceduitivthe it piagdicng iavethfysa

displacing a pgrtion of the guter sleeve to engage the inner tube,
compoie e EREH) s rsseiting 1o ASAEr s of HShic e GRUBHAL pptrast o an
all steelHaerclle€vie: aanrdityepsisne ssthdhginiige o€ abroca®gphade sty an aluminum

wherein t%}q% sleeve is fixedly bonded to the inner tube from end to end

outer sigeNe e A tRRURSS LR &, PLA U RS ¥EYY second ends of the
[00053{ube-sldesarbbetik talar thatgperyfaniR fizbodnd baliehibldegsistsafor the

relative longitudinal axial movement between the sleeye and tube when
tube an STt CRREHHER Mt ite ERTUFER ST e ar e e Y L pmmer
forge atiCRPIBAigR acingral dReshiReiefabihe futensbasalingrgagaiabiastond

some qf the recessed areas. 3. The method of clajm 2, wherein the, . .
betweepfsube A SICGYE JHBISHPRSHREFIESE BN o B B i machines in

producBHCEaSMEGRANvAIEaRS ofefpbdapRed fidges Waning!r wiilifidaRindaiited in
the art %I(\)Iigfokt]ircr)lfiég %h%rtgo?\elggfng parameters for producing a satisfactory bond between the
tube and sleeve. It will also be appreciated that the initial pre-forged OD and wall
thicknesses of the tube and sleeve necessary to produce a final forged composite barrel of the
proper dimensions will vary based on the caliber of the firearm barrel intended to be
produced.

[00054) The foregoing forging process may be used to fabricate composite long or
short barrels for either rifles or pistols, respectively. In addition, it is contemplated that more
than two materials may be bonded together to produce composite barrels, or other articles
unrelated to firearms, using the forging process and principles of the present invention. For
example, it may be desirable to construct an article having a strong, hard inner tube and
lighter-weight sleeve as already described herein, but with a strong hard outermost shell on
top of the sleeve for better impact resistance. In one such possible embodiment, this
construction may include a steel inner tube and thin steel outermost shell, with an aluminum
or titanium sleeve disposed therebetween. Accordingly, there are numerous variations of
multiple material composite articles that are contemplated and may be produced according to
the principles of the present invention described herein.

[000S5] According to another aspect of the invention, the foregoing process may used
to create composite parts for numerous applications unrelated to firearms where it is desirable

to have the stronger and more dense material on the outside of the composite tubular structure
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92008002885020080625 1-5 4. The method of claim 1, further comprising

the outer sleeve having a first configuration prior to the impacting step and
WQ 2838t donfiguration after the impacting step, the second fARGISRAGA04688

different than the first configuration. 5. The barrel of claim 4, wherein the
for var@saaakcm;ﬁguhaﬁkimp&mmsimmcsle:ewm«iﬂﬁ apphestld ale o ferseraat  ahis

uIe surface of the outer sleeve that rer celv d in recgssed ar as of
const: 1on {h Teverse é te 1re rm arre struc 1on1Fe T1
n‘%e mner ulg é BarreTB cfaim AT MR SEYLSE éslegl%%ma%vee In

one possilleaibodinsateatenefiar) tbehgmumpm&ﬁmmtufeaiumyi irumude a lower density

. I lloy,.tit d tt |
inner tqhf SRARF B RO T R S EB St O B AR Qilseeve
made o&f@tﬁ%@ﬂﬂ&ﬁmbampldnmeﬁ mamgebalcbﬁﬁgmh dfmmgéammmemnwmand outer
OoVI In e-Slgeve assem aVvl { d d d e
e ) A B S AR AR BB nprion
for the hdnaibrnedandeosiesvaurdrasordippirnardiitie bavipgsae gactanioy tierage
ickness,.the inner tube definin

and a wall.t bqr
bondedipREAi YA RE AT dERABAS BTRTFL AP LO SHE Aroar SR i o
sleeve ﬁﬁb&?ﬂi&y g&g@ms&e?a&ga&ahapasa@p@dmmg%wfm prokigaiation and
the first a seconda endas,; s or tub | bl .
o TR R e e g
[00056]hereomlmglgtmwm-@le@*g@gqﬁembmsmmmmﬁﬁ fiargdngteferred, it will

machine comprising .a pIur ity of diametrically-opposed
be APPSR BUIPE AR 5 BT O AP s ORI R o Wy be used

to crea@l @wﬂg@ﬁwémwm@mg b MMPECIRG pha dbbiendieeye @ssebdderein.

through the reuprocatmg hammers from(}ée first end to the second end;

[00057iking YHails sher RrReEQus sfenre Riwa A KFRTSRSH thFea st
embodiﬁ%d@%i’iﬁ@ﬁ'é&mm@n, it will be understood that various additions,

modifications and substitutions may be made therein without departing from the spirit and
scope of the present invention as defined in the accompanying claims. In particular, one
skilled in the art will appreciate that the invention may be used with many modifications of
structure, arrangement, proportions, sizes, materials, and components used in the practice of
the invention, which are particularly adapted to specific needs and operating requirements,
without departing from the principles of the present invention. The presently disclosed
embodiments are therefore to be considered in all respects as illustrative and not restrictive,
the scope of the invention being defined by the appended claims, and not limited to the

foregoing description or embodiments.
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I portion of the exterior surface of the inner tube into the inner
9200802

forming a spiral rifling groove in the bore of the inner tube; embedding at

of the sleeve progressively in sequence from the first end to Y& 00806251-5

second end as the tube-sleeve assembly passes through the

Claimeeciprocating hammers to bond the sleeve to the inner tube; wherein the

1.

sleeve is fixedly bonded to the inner tube from end to end including in the
reessthd o dsrati tigea fiost ech dosepasitd Enetsrofitirectulsingle umassdonbing

to n]igrmnae c(%rrnnpolsitne firearm barrel that resists any relative longitudinal
axXiar movement Befveen the sleeve and tube when bonded together. 9.

e A I SIS g o

some of the récesse e em

step. 10d7teinrgethotk bariaga djantaieeiartes aretwanadldHskaassobihednner tube;
as helical grooves formed between successive convolutions of flat-topped

ridges h&UAviHEg/anR e alee v AAvAN@ RISACONtheegsbyess than threfirse drogity;

of claim 8, wherein the tube is made of a material having a first density )
and the HISRVGhRdarebID AR AR AHIANE ReEEBIROdSRysleeetAzasmbly having

the first gegsiRg de2ordermetited Plfiaine BaviheEaiBxiapidnREFiePeiSluding recessed
made of steel and the outer sleeve is made of a material selected from

the grouf QS ARRASGOPAIARER, tBRHTR AR aResnditaditim, and

titanium-alloy. 13. The method of clajm_8, further comprising the outer .
sleeve hiGHGBIReIH BB HRRYEESAPI AR LRIRATS @@B%ﬂ@%‘%é&@“smg a
configurgtigalpfter thensétiidanstampoded resprdanmfigamratien tiffergnidially

than the firs‘] confi%tﬁ&atégn. i4. The method of claim 13, wherein the outer
sleeve h&CAFL0G Thwa RHWIH B areas of the inner tube in
the Seco&%é’é’rﬁfﬁ% a\etlt(L)JB('a-sleeve assembly on a mandrel inserted through the inner tube;

- simultaneously rotating and axially advancing the tube-sleeve assembly through

the reciprocating hammers from the first end to the second end;

- repetitiously striking forcibly an outer surface of the sleeve in a radially inward

direction with the reciprocating hammers;

- displacing a portion of the outer sleeve to engage the inner tube progressively in
sequence from the first end to the second end as the tube-sleeve assembly passes
through the reciprocating hammers, wherein the sleeve is fixedly bonded to the
inner tube from end to end including in the recessed areas at the first and second
ends of the tube-sleeve assembly to form a composite firearm barrel that resists
any relative longitudinal axial movement between the sleeve and tube when

bonded together.

The method of claim 1, wherein the displacing step includes displacing at least a portion

of the outer sleeve to engage at least some of the recessed areas.

The method of claim 2, wherein the recessed areas are shaped as helical grooves formed
between successive convolutions of flat-topped ridges having a width larger than a width

of the grooves.
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gzoogmgéé o the striking step and a second diameter after to the striking

4.

15. The method of claim 8, wherein the outer sleeve has a first diameter

cond diameter smaller than the first diameter. 16. The method§ce§'?020080625l 5
claim 8, wherein the outer sleeve has a first length prior to the striking

stepeanetiroaedend iengthradée comiires sigikhed stepsIthecsesang deigtironfiguration
bem&lonﬁer than the first length. 17. Theénethod of Clal&ﬁ wherein the

b&H FiffRsHHRY S %ﬁ%ﬁ% HOp afes the HiagRgHgeteD. the

fayeotng adiofigechtongidiitenattistetiustigtadrefigmetidarging machine,
comprising: providing a tube-sleeve assembly having first and second
efdis, anct linlcidingdamvberten shessee anaccanfigmetinrbef dispngedstbereimcludes

the sl%eve hewrr}%onner and, outer surf s the i |n er tl# e havm

raised aréa Olon an ﬂu&er iurface (t) e oute{ sbee\(/je atarer |ved in recessed
exterior surface and a wall thickness, the Ihnéertu efining a

hawdagd themeseitldeger than the wall thickness of the inner tube the
inner tube including recessed areas disposed on the exterior surface
prfbarh@meltofthemst,dmmedmwtﬁefseleew@magemé auhaiesiebsedected from the

SRR ARBRAE AR R s RIcaE ASHemhbI APaRger

fo ging machine comprising a p urallty ly-oppose

repiRIBSAUNSE RAMME S RAVIRGHARIANY ascHAiage Brasgiand outward

motion; simultaneously rotating and axially advancing the tube-sleeve

a&sﬁmmwdthfquahlﬂg%rﬁﬁ@yweaﬁm@mrﬁrﬁé@fﬁ] TharreRgifiEss RRRIRMBrging

second end; and
machine, comprising:

- providing a tube-sleeve assembly having first and second ends, and including an
outer sleeve and an inner tube disposed therein, the sleeve having inner and outer
surfaces, the inner tube having an exterior surface and a wall thickness, the inner
tube defining a bore having a diameter larger than the wall thickness of the inner
tube, the inner tube including a plurality of recessed areas disposed on the
exterior surface proximate to the first and second ends;

- supporting the tube-sleeve assembly on a mandrel having a spiral rifling groove
pattern formed in raised relief thereon;

- loading the tube-sleeve assembly into a hammer forging machine comprising a
plurality of diametrically-opposed reciprocating hammers having radially

oscillating inward and outward motion;

- simultaneously rotating and axially advancing the tube-sleeve assembly through

the reciprocating hammers from the first end to the second end;

- striking the outer surface of the sleeve in a radially inward direction with the

reciprocating hammers;
- forming a spiral rifling groove in the bore of the inner tube;

- embedding at least a portion of the exterior surface of the inner tube into the inner
surface of the sleeve progressively in sequence from the first end to the second
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repetitiously striking the tube-sleeve assembly to bond the outer sleeve to

92008t§he8g§s1er tube progressively in sequence from the first en_d to the se%%0806251_5

10.

11.

12.

13.

14.

15.

16.

17.

the tube-sleeve assembly passes through the reciprocating
hammers; wherein the sleeve is fixedly bonded to the inner tube from end

to end irmiu@hﬁmmubem@eses@bamwaémﬁmwemmmm ahith@ers to
tube- sIe% &H‘ r%eg/ to f rm a composﬂe firearm barrel that resists any
reIatlveI qua RN %Ug}’ﬁre Between the sleeve and tube when
ded t ether 19. Th alm 18, wthe][ in the forg .
eln g sleeve 15 Ih (f»' mner rom end to ?q "1 in the
|nc es hammer Ing ter sur ace 0 the's eeve na gener y ra )}]
inecestelirarctiont 2@. ﬂ'r’sEam:é!;hcmhdfeotmrmrfﬂ& wherdae\hasstikinhy Istégurm a

indlies MRedAnGIng iSere. Lo A 15As 2 ROdADBLING RGRS3Mlnt betweer
NS EE TS Mace R eRm 2 AR dRsoede

hmﬂrn@wbrmw&rmwmwommaegetmmade of metal havrng a second
density, the first density being different than the second density. 22. The
mBnhasdeﬂerajfrclalm\ma@rehmHreée@erosurématgfiﬁueslee_’heh grebfedsted in at least

TR S LR s Al QLo e e Soeve is made o
2 TREIRERBTPEI HAM I HQHREARESERD 0 %F@'E‘Mﬂe@%'ﬂé"i‘dgp @Nes formed

titanium, and titanium-alloy. 24. The method of claim 18, wherein the
c@ﬁ%’@@ﬂél&‘fﬁéﬁé\rg ePnved P papidlap4onned Hﬁ%@ﬁhf@e@rﬂ'@@ QeRipsithan a
theitRrdpensigR dYeludes embedding portions of the outer sleeve into

helical grooves on the inner tube that are formed between successive

CameatEings & daintan PRk e % Raing madeh greai@idnan myadifsPlensity and

the grooves. ) . . . )
the sleeve is made of a material having a second density less than the first density.

The method of claim 8, wherein the inner tube is made of steel and the outer sleeve is
made of a material selected from the group consisting of aluminum, aluminum-alloy,

titanium, and titanium-alloy.

The method of claim 8, further comprising the outer sleeve having a first configuration
prior to the striking step and a second configuration after the striking step, the second
configuration different than the first configuration.

The method of claim 13, wherein the outer sleeve has raised areas received in recessed

areas of the inner tube in the second configuration.

The method of claim 8, wherein the outer sleeve has a first diameter prior to the striking
step and a second diameter after to the striking step, the second diameter smaller than the

first diameter.

The method of claim 8, wherein the outer sleeve has a first length prior to the striking
step and a second length after to the striking step, the second length being longer than the
first length.

The method of claim 8, wherein the barrel is a rifle barrel.
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92008%8#%1 the outer sleeve from one end of the sleeve to an opposite

18.

19.
20.

21.

22.

26. The method of claim 18, wherein the inner tube extends completely

e method of claim 18, further comprising a step of forming a %200806251'5
chamber configured to hold an ammunition cartridge in the inner tube of
the indracsl@e feratag @ klygatieopolirg g cieasi?Ba Aameaibotbafiforgiachine,
composite firearm barrel using a hammer forging machine, comprising:
pf;&gﬁﬁﬂarytube sleeve barrel assembly having first and second ends,
and inclugln ST OL{t%reSsl seva gr&dm nerr'gu ws?'srpaog’ec%rt] ere o an glnc ding an
Iongitudi?wa(i)l e Xtehal INg complest ﬁ ougl’1 e LV oM & tuiZ21e enau g
to an oppoteitelehmmndraendnehajbteémpdsadlthgmnetharstbemdelasmgaoeer and outer
e R A0 I TR A A B P TS R RRELS e e
tube defiing & bore avm a Ga & arger than the wall thickness 67
the mnetuh@defnanigmh@re hﬂvmgleelwrﬁsrelmig&y it ahlaamathéncfbngasg)f the inner
machlne fs I rical lprocatin
mammer e D L e e BB A o srace
supportipgp#imatbe-thedust assesetsipdoendsmandrel having a spiral rifling
pattern formed in raised relief thereon; simultaneously rotating and axially
advancisgrpes tingdbsl éehaesineyaghseiedpans anisdiltrically-opposed
reciprocating hammers; repetitiously striking the outer surface of the
steeve WRAMRE K&m@r@q&va 6BV ANIARIBAINBELI 67T Gl BashEeRoMprising a

force to ﬁﬁﬁ%ﬁﬁ&/ﬂ?%%ﬂ%’tﬁ&%ﬂ BEH&HW@ oeRtlAY R eroRMAG RSy

bore of the innér tube S|multaneous with the striking step progressively
in seque?rcd! RBRY INWH ABAQUBMHE BRUHIH end as the tube-sleeve

assembly passes through the reciprocating hammers; embedding
simultandBULRNRAS IHEIRHStas! %'t'Ye%géiaél%@ﬁtIBﬁ UPRYSRIRFSERAs through

of the outgr Blaphs AR tRlsREE PRYR SHOFMedRNdhBedesiar swfagsg of
inner tube between successive convolutions of flat-topped ridges having a

width gre@derﬁbaaﬁswidthgnﬁhﬁwwmm dbebliced ponavas extenidege to the
contlnuoua% (i{ﬁn the fIrStBQd 1o the seco d end fthe t leeve

el R R ST DL RO LA ¥ S S o o the

the first eutsb-tslabe aesmiol e pesss theolupetisiaeviprasatngiigmarsss
through the reciprocating hammers;
wherein the sleeve is fixedly bonded to the inner tube from end to end including in the

recessed areas at the first and second ends of the tube-sleeve assembly to form a
composite firearm barrel that resists any relative longitudinal axial movement between

the sleeve and tube when bonded together.

The method of claim 18, wherein the forging step includes hammering the outer surface

of the sleeve in a generally radially inward direction.

The method of claim 18, wherein the striking step includes embedding the sleeve into at

least a portion of the recessed areas.

The method of claim 18, wherein the tube is made of metal having a first density and the
sleeve is made of metal having a second density, the first density being different than the

second density.

The method of claim 21, wherein the second density is less than the first density.
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92008?&%%‘?9 in the grooves at the first and second ends of the tube-slee

23.

24.

25.

26.

217.

28.

wherein the sleeve is fixedly bonded to the inner tube from end to end

v
bly to form a composite firearm barrel that resists any reIativca\sc‘gZOOSOG25l'5
longitudinal axial movement between the sleeve and tube when bonded

topeshesthd. of ibaimetiso d/pérelai the2Bhw Rareidetbstasesrtefeel Bl and the sleeve is

density greater th ity of the outer sleeve. 30. The method of
A2 SHETRR R SIgE0 A G AU QLR Fond BB

coingidtimg avidatitemiommal lalyminum-alloy, titanium, and titanium-alloy. 31.

The method of claim 28, further comprising a step of forming a chamber
cdrmigguedtbtboficldianl@nwinardtiotheacmggs e athie lienrsea tuba oflitieel.
tube-sleeve assembly after the embedding step. 32. A method of forging a
cdingoitecdrat dairidg, anharain enedogiimngrsiaphntdydesraptiettdng rarigang of the

2 BB E%%?rﬁé%%ﬂﬁ%'lygﬁ?@%gélﬁhé‘ ?Fﬁﬁ)@qiﬁﬂgﬁe %Wﬁmé@]%ﬂﬂﬁé@rﬁ‘éhccessive

outer sleeve and an inn ISposed therein, the sleeve having inner
angnyoatetieusfaicHal-toepethidgad bavingrgvad e gesdtar soafaeavididl ef Wlgrooves.
thickness, the inner tube defining a bore having a diameter larger than the

waafmekbecssfoai Hnavhensn the innesubpeXiRndenayalpisbaifiyoyeh the outer
regesRe iR AIRPaRRLk SRADE BYRUBpSYIEAsR proximate (o the first and

second ends; supporting the tube-sleeve assembly on a mandrel; loading

thenbRBIREYERIRETEDII ey 2IAPIHIAK PP SMBRING £eRARTIRINGONFRUred to

pairs of diametrically-opposed reciprocating hammers having radiall
oSEMLAMETAYAYE AheRBURS T FH%ﬁ?a’Pﬁ@Hﬁﬁl@&rﬁ%ﬁQ?‘?!ﬁ%Yﬁw@s%ﬁﬁﬂpgkﬁW the

agyifeindeihie tube-sleeve assembly through the reciprocating hammers
from the first end to the second end; repetitiously hammering the outer

suxfieenot theftuRgleera s defibdyrin Baraelialiininaviedch eise ediofnyitimthene,

reciprocating hammers; and
comprising:

- providing a tube-sleeve barrel assembly having first and second ends, and
including an outer sleeve and an inner tube disposed therein and longitudinally
extending completely through the sleeve from a muzzle end to an opposite
chamber end, the sleeve having inner and outer surfaces, the inner tube having an
exterior surface and a wall thickness, the inner tube defining a bore having a
diameter larger than the wall thickness of the inner tube;

- loading the tube-sleeve assembly into a hammer forging machine comprising two
pairs of diametrically-opposed reciprocating hammers having radially oscillating

inward and outward motion;

- supporting the tube-sleeve assembly on a mandrel having a spiral rifling pattern

formed in raised relief thereon;

- simultaneously rotating and axially advancing the tube-sleeve through the pairs of

diametrically-opposed reciprocating hammers;

- repetitiously striking the outer surface of the sleeve with the hammers in a
radially inwards direction with sufficient force to deform the outer sleeve;
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embedding a portion of the outer sleeve into the recesses formed on the

92008@?% tube progressively in sequence from the first end to the secon%§%80806251_5

29.

30.

31.

32.

@ tube-sleeve assembly passes through the reciprocating ham
to bond the sleeve to the tube; wherein the sleeve is fixedly bonded to the

inner tulferfrony encspirendfinguplotg énnticthecrssed trcapatitive Snsiudadeously
second enai Eh)f the, tube-sleeve assenls){ﬁlpto form a [

;
parrel Ve A PR SO A SRR ST ETBAR D LEAIER fdne second

sleeve agrlitaoontnbe-slondesssondlpgasses thheugretihocpadaimingzhammers;
wherein the recesses are shaped as helical grooves formed between
successareleodunsiinniavfebatipppibdrekiakihggiap a Veastra graratar ofidme inner

a width of H“%&B% NES IR I SRR CTHRINIRA BY (RS DAMMIGHNG S8R 3D Surface of
method of CIsim ) whetein the mandrelindludes a spiral rﬁllng pattern

formed imraisieta bbbl tapreonesne tthalotmesinffie pppeld dieges having a width

t ferrj he. rifli i f the t ' t
e AT R BB B s
selectedffoomthhdiptand totisstnondfesidiofithatyzdeateruerasstion) yitamienein the

s o o ere byl B BARdaeR) SRR RO 1R spoond end
of claim @2{hrutthersteavipaissiery lyspapses forongiythecieaiplosaconfiguvierso

hold an ammunition cartridge in the inner tube of the tube-sleeve
avduisntigeleere isfivedlyihgneirebto the inner tube from end to end including in the

grooves at the first and second ends of the tube-sleeve assembly to form a composite
firearm barrel that resists any relative longitudinal axial movement between the sleeve

and tube when bonded together.

The method of claim 28, wherein the inner tube has a density greater than a density of the

outer sleeve.

The method of claim 29, wherein the sleeve is made of a metal selected from the group

consisting of aluminum, aluminum-alloy, titanium, and titanium-alloy.

The method of claim 28, further comprising a step of forming a chamber configured to
hold an ammunition cartridge in the inner tube of the tube-sleeve assembly after the

embedding step.
A method of forging a composite article using a hammer forging machine, comprising:

- providing a tube-sleeve assembly having first and second ends, and including an
outer sleeve and an inner tube disposed therein, the sleeve having inner and outer
surfaces, the inner tube having an exterior surface and a wall thickness, the inner
tube defining a bore having a diameter larger than the wall thickness of the inner
tube, the inner tube including a plurality of recessed areas disposed on the

exterior surface proximate to the first and second ends;

- supporting the tube-sleeve assembly on a mandrel,;
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33.

34.

35.

36.

37.
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- loading the tube-sleeve assembly into a hammer forging machine comprising two
pairs of diametrically-opposed reciprocating hammers having radially oscillating

inward and outward motion;

- simultaneously rotating and axially advancing the tube-sleeve assembly through

the reciprocating hammers from the first end to the second end;

- repetitiously hammering the outer surface of the tube-sleeve assembly in a

radially inward direction with the reciprocating hammers; and

- embedding a portion of the outer sleeve into the recesses formed on the inner tube
progressively in sequence from the first end to the second end as the tube-sleeve
assembly passes through the reciprocating hammers to bond the sleeve to the
tube;

wherein the sleeve is fixedly bonded to the inner tube from end to end including in the
recessed areas at the first and second ends of the tube-sleeve assembly to form a
composite firearm barrel that resists any relative longitudinal axial movement between

the sleeve and tube when bonded together.

The method of claim 32, wherein the recesses are shaped as helical grooves formed
between successive convolutions of flat-topped ridges having a width greater than a
width of the grooves to resist crushing by the hammering step.

The method of claim 33, wherein the mandrel includes a spiral rifling pattern formed in
raised relief thereon, and the hammering step includes transferring the rifling pattern to

an inner surface of the tube adjacent the bore.

The method of claim 32, wherein the sleeve is made of a metal selected from the group

consisting of aluminum, aluminum-alloy, titanium, and titanium-alloy.

The method of claim 32, wherein the inner tube has a density greater than a density of the

outer sleeve.

The method of claim 32, further comprising a step of forming a chamber configured to
hold an ammunition cartridge in the inner tube of the tube-sleeve assembly after the

embedding step.
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