COVPCSI TE FI REARM BARREL BACKGROUND OF THE | NVENTI ON
[ 0001] The present invention generally relates to
wo 2oosas4ds]; and nore particularly to an i nproveBCT/US2007/004688
conposite firearmbarrel. [0002] The barrel of a
firearmis in essence a pressure vessel that is
subjected to heat and forces of conbustion generated
by igniting a ¢ ' yﬁg{r‘gg\amnthefirearm
i s di scharged. %w&gﬁi}fg n the
materi al of choice for firearmbarrels because its

mechani cal BAICGRIAINDOPWHE INYENPRAVEd! y Wi t hstand
nuner ous cycles of discharging the firearm But

[0001jar r el sThegutescof inwertionegdeyersily edlateetodirtaniseantomose, paniduddrly to an

. maﬁ make . tefeel-bg\rrc?l ed firearns cunbersone to carry
1MpIgvy Cf”c?ﬁﬁs‘% FTEFFE°BF't i me or to hol d steady during

[000hoot i NEheQRRRESS 4 FiRAN SRR RhEEPISEhre PbsdélithRt 1§ Subjected to heat
produce lighter barrels has been to use al um num

and forges efl comhusiioniganewitedbyhigniting deraritidge ppvder ghiarige méhen the firearm is
. ssurfages for.the hullet path. The barrel.s may b .
dischig. B8 Sty ekt b AR mptsrkl SF el foE GEReEn bppg decause it
mechBMEAIGREFeriiEyal QA PPt E fvithbtaRd n&ABIRAS by Fesl dfIdBRAARging the
barrel s, defined herein as barrels nmade of two or nore
fireardi. f Bwirbarrelsgoads i entirsly siged tendgo bk heawy, whishenay makeesteel-barreled

barrels include steel inner, tubes wth. oute | eeves .
firearg BB EAESEY Lo T B Ol PRS Rl el A RERGoting
compelitisisn WheQttemyptidShition ?ﬁidh@e lighiérbarretstal b&h thhe aluminum

mul ti pl e conponents togf her to forma secure bond

t

barrelspperided with Wandreoated ir plptedehpea swdacks fosslrenbudies pathr Jbese barrels

however. as_been probl.emptic. T out er. sl eeves have
may BB e R o e o el heper BEfafes Ao Redt gy over
time. 208Y8Hbs Fireddmntsusrefs, Héfindd hefefd £/QErely mhdy &RAUBGr more different
connections, sweating or brazing, and by casting.

compphEEs apy dsuknavan Saenhel hessdamals indudd stedl innso fiybes With outer

oo AT o TSR T 9l SRR i

resing; Jofingthe bmjmge RoPEndniy@Eethertd Ford 8 sevikEborl c@PM_ﬂé oPr
.. shells. Some_known designs may also require nultiple
withstagdingaenaatsd fyearpsdisehargss, hoswryer, ihas beesipyeblematis: oEhecater sleeves

have w}r%t%) . b%ggﬁﬁ%cggn% th iiex{}%r E@Q%@e%tvwﬂ]eacfﬂ §ig§}?§ﬁegs-ﬁtting, screwed

f

conveéention oSl arrel’'s’conp s

or threadedshivetiohy) SR 8dtindae drakinpg biyd by batiAg] Thesepesdiclion tedhniques
l'i ght -wei ght conposite barrel that is sinmple and

may e higrFOBROSiGd alonay Eparifdoyre renspisd credes of discharging 2

e WSROk R PR k TBK RSB B v v
shellsi. rfonaMagwaatesigas tnay o reduigmultiplehbrivatib stepoind s labaig
intensti\t]eetosp?gfucle,s 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 overcones the foregoing shortcom ngs of
known conposite barrels. In apreferred enbodi nent, a
W@ posSidsbe barrel according to principles of tPEI/US2007/004688
present invention is made by forglng mhlch prodees a
t _barr
pref RS eh iR, FLOrRRR 1B YRR L B lplek BE AR Pl vention i
madé hjo forgaigi valricl ptbhrdes] d&aperibh andstv@lg Bonia befwdeh €hd @FfBichbbarrel
nmet hod descrii beg herei.n j ntegrates well with existing

ComP‘HHPFSdBFP@F?SbFOd & foregoipg knpy {pbepgsionyiechniques, The e@uehnse of the
forglfgg‘ﬁ’é?ﬁd’d ae@cme‘aqié Xﬂﬁéa%gﬂesc‘weﬁ%fh x%tﬁ gca{lb Brr%)g%stses normally

or nmore conp cation s
emplayed m/aaﬁd:edny\facmhy achradicepanek| SThE&Sdtb te&iditibn@lf dridrdrndre

comElER FARGAION Sen g eRUPBSI F %&3#@3&5@3@5@2&1&msuk@m
efﬁcﬁ'ﬁt Qﬁﬁ&%h@ﬁ@ahﬁ%ﬁdfg coH[rFlit t§ E ol ﬁleﬁl%?g A qc§§1p051te barrel

bar r el ands ort arre ol's
and methed bgenifacterd dsetesaitet herin may bE: Uf02dd fonb&thgong barrel rifles and

I di te _barrel according to
WP‘S{O& Wg;?‘o I ge f’g?’%@g%?f lgréﬁgérlrﬁpigh?ﬁtmy i ncl ude an
t
"’""5'“”.6{ ot M me A DR BB, b WU R RS Rivtes of
the prhsemtiinyentios sayhincluddan innerstubelbadng g/ldm@tﬁdlﬁallygéb&éxgm@ﬁore and a
f d t t ube
s S o SBE it BESed  H bt t cor
innerQib& WHRKdif EHe%‘Iee%H‘i Eﬁ%dftm i e OrHEh G t\ifﬂ e may incl

di spl aced fromthe o eeve y forging
pluraliihef reeassesl areaseontangaxtenior surfate doereeeibingd intaerial disphiced from the
form qf r|d es defijning

h
outer 58 BY ToyBing 18 HOGh Tl ad e IqBeser-y T o srabesimp Bt

recesB& ire&fmﬁyhl@e BhE FdrRf ofSiHeE 884 ﬁ‘? o%{?&tl;btﬁ)f)f Mﬁ‘i%h 'leR1264 helically
tube. | n sone enbodi nent’s, the ner

arourpk at fleastipdryofrthel extefiossuefate and lsngiblof el mlyerautd: ttheomsut er
r ef rabl a. mater sel ect ed

emb RS 1 GPAC L Bt S ML b iy sene

prefetdbly?i3inide o@ﬁdnétéﬁeﬁ@él@&b@hjoﬁﬁ/the RRRY Q]onilft f%rtﬁ’tahﬁﬁmum aluminum-
enbodi ment, a conposite barrel “may include an I nnef

alloyy lifgeiume pndhitagivan-géost.r al  bore and i ncl udi ng an out er
[ d
o S8 A0 B PSP R 0 i

a centrBl®re 8rtl nBling BAR UtdHRBFfadetRQinRl Ef1681BR) of rbsesbRIGREANE d an outer
at |east partially in the outer sleeveé. The sleeve

sleeve defining a @éﬁﬁgWamdomlpﬁlmg) en inpef surfpicag Thathnar sibe prederably is

PR M N NI g
forgirgnditdch sgeoid conffiguiafiog afteifof Aae ths ﬁltsh@oniﬂgﬁ?a\ﬁ%n li8Ferent than the

substantially snmooth surface in the first
second sRpigHrAten. oelg‘ s @mbadimen the iney gurfate phihe eldevs kass substantially

omon {8 8EE Ml 9 AL B o s ALY BRO R oo
conﬁgt&atems dd anothasembodiment, al€4st ko€of e PARA drbR ardRBEived in
outer sleeve together. The recessed areas of

reces%eHér 538 QE Fheripss tahedo [?Pé‘ll gicapney t@hﬁsﬂ@d@@éﬁruswemmtosm@r i e
recessttabéds ©f He ihAlE thEMEE 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



tube and in one enbodi nent may extend _
circunferentially around at |east a portion of the
we@aen0s4as1 surface. I n one exenplary enbodlnentrcnhsymwmmam
recessed areas of the inner tube are shaped af helkcaL
[ en 0 .
embgdlgﬁ%{ﬁﬁlg%%%g%n%t a@)ngeal Z’ft}rlrééﬁo:rﬁl (?Jhe recessga?? gpé'lggea ortion
ofthbeuiensurfwefoﬁthmmrﬁeraubenurI ed surfaﬁe on at Iegst ?0007]
rtion,of the o t r surface of the inner tube
10007 2ot HefmolitE GRPAHEN. 3 cemagq ltaéfebmab’ ae ‘#’&yﬂnl ingdrifekes defining
a cerfda] boYeahd indARlisield @dt@xgsu a&e fit? B AGL Yl N9 1@ nner
ra re ) %3%

out er surface avi ng a esse

tube handng afigst dendity, hmd/arr\@Jter sﬂeelvs tleﬁheng atpyssagdWayedhdahé Biner tube
and the inner tube

e e BT BL o Rl b dersiy
of th@irm@FABE. ¢RA ﬁbé\)é Ha@%sﬁrhnﬁzﬂnétgﬁeprgdgtté gprgﬁlg%h&%{ sgéo %ihfaéneter after

i nner tube. The sl eeve has a ter
forgingrthe firpt dmmeacréaganardthaMoad didrheter. mreglereg% aI%dSl lﬁag‘a fisst length
er Iar er t ha e second di aneter. The sl eeve
priorp ifEiRRnd AsPicog 1Pyt 5 fPredne. dhs SeGhTEhlnesth hena lenaet han the
first leggtgt h after forging, the second |ength being |onger
than the first [ength. [0008] A nethod of formng a
[0003Horrp05| ﬁerntuhoé af foriirg e¢ompogite fiedand @arrelrrgsly ﬂicnﬂeaiﬂémdmg an
t ube n aflrst density; providing an outer
inner t\‘ éf g3 fits SXGJ‘SEMH‘G ey Wﬂ%ﬁ%ﬂ @%@g 3 Fﬁéoﬂql depsity less than

the fifke Géisﬁtz, inbé16RE tHeNBndrRGbe 4 ‘ﬂ@a@t nﬂaﬁ‘l?eﬁ}y"’ﬁ%)l tﬁ@%&tgptg]lrby i é)aXtmg

into the outer tube |npac | €ev
forcibly thecslesve jn & radially idivarloditeotion; and ddﬂpkioir@(ﬁ pugtion fthe bofer sleeve

ool B S R B e i s

firearBOBRARS] Irforlel SnBRIITER! the Ibarrélris e& e 1'th 5 lHgmmer forge.
ante

barrel is formed by forging w
[000910009] Inrenathst Bbodimsot]iamesthqd @f frmnilngd oofnpfommﬁn’egmabarrel may

inclui® BRRZGHE s SRk AemRly Rt Culiraleess nd v aner tbe
dxsposerdlrhellea%wb@tlaily&ﬁ@&ﬁﬁt}@tsléeQ@ﬁﬁvxﬁéHn'e?!irld’o&t&es'h?ﬂa&s & nrber tube

. sl eeve having inner and outer Surfaces, the Innér
having g9 exigrighsusfecerstiing radiadlyshe euter kirfage oﬁﬁiue alekve; tahe embedding at

cast QEbn B AR 8L BB BF B8 res Ao FONRE MR ioes BE T eave o

bondtliee;laenme;rthsmfeameof the sl eeve to bond the sleeve to
he inner tube. [00010] A nethod of formng a
Wmlbbrrpos iy wetod jof f@nmg/a fomapasite artm!eomayj inetpda: pnolmimg ewbe-sleeve

uts eve and an inner
sssemfi R RUhe oAl s U} er B n 00 e BB ey the
sleeve havarg ianet andtoater SlllhféfO@@ Qﬁe thhetub@ H@«fm%b&b&t&%‘ﬂ suffaéd) an? forging

exterior surface; and forgi g the tube-sl eeve assénb
the tubgsslgeyepssambly g Rondthe eyter sleeverta therinaer tubgodn ona emlbedlment the

forgin @ﬁgqh{fﬁ ’hafni?r?efrfn gl Q]Qexsstu?ﬂcé Qf:tlhggﬁs hart{ga:ngr&ﬂxﬁtﬁally inward

r su ace o éeve I'h a
directionwdm dnedémbadiinenn, tHertul&nle nexdd of staElYr stek N Iy the s18BL8s made

ofa meIal selgc(%cled 8om t c(:e grloug1 lcl)r?s){stglrgmcl)f taqsmlsrllu%e\allﬁmlurslurnn%clll%y, 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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of a netal selected fromthe group consisting of
al um num alum numalloy, titanium and
WO paoasnsa4on al | oy. I n one enbodi ment, the tube i BCTHA®OT04688
nmetal having a first density and the sleeve is made of
tal havyi j . g depsi ty bei.n
[OOOSiﬁf fer e%tg h%‘% a}%réﬁ’gﬁg ggfgﬁééﬁ% {e&/n%}}{egsrl%lrtéfot&% b lr)%},cm%/%lé Titeited
primgrlydodthd ensvenyencs i deseritihg thetprefefred sinboldingeht ahd i6 ndt intended in
referred enbodi ment. The nethod may further include
any Wetoginé‘ﬁt SCPRR At Bresed 1nvgptonsthersi@ assenbly duri ng
the forging step. In one enbodi nent, the tube-sleeve
assenbly BRIBFDESERIPPRONVF IFHODRAWINERSd hereln,
any reference to either orientation or direction is
[00012]t endethefenteasiaf yhef mreferded embodiareneneid] berdedastediviiti@ ference to

e B S G B8 B e A e
[00013)er et oF 1B ER 1&Eﬁﬁﬁhﬂﬂr§¥ésggéom@ﬁ§}/¥#'§ﬁ§ ;%%qugc?lmggcﬁment of

features of the preferre
a congpesite fibvaembiatrhl preflened i eccoodanbewithlalppeterrgd tietholdgproduction
descm%gre l.i ke el enents are |abeled simlarly, and in

ngrd bgrein. 35 $hWing e quigtsieeve andlinngkiuksl  cr oss- sect i on

[000iAKken tHIGOEGNa §idBN RS 18 iRRPRBE g};ﬂxfe tafre f‘ﬁ@pﬁ%ﬁ\%ng gne

firearmbarrel produced in accordance Wwth a preferr
embodimend @f @ pognille exterionswifase struvate b theitube; and showi ng t he
FIG 2 is a side

10003 oV ERE T e PRSEot AP BERF Bhmaeressectbri g

[0001B)e entrudi A8Y 10nbitadiRA TsoRlsctRRl i Rkt
structure of thegtube; [0001%] FI éﬁsl@g& gﬂggltltgﬁle%vieé)vathe
barreb@f F{Godi t i on of the barrel cross-section of FIG 1;

00009011 £ ) ST 9L 8L EGIRERTHED) oningantr

possible @hbéHintenEof &n éxerforsufBcevdtiRbtudd of the niner tube of the
barrel of FIG 1 show ng another possi bl e enbodi ment

[00018] an &kEeb iscr sidaviewos the baresl of Blwfl showingiteprop@e9dBfrom
. i i de_ vi f the b | . of, FI 1 i o
origirl) e Brdcd Brnd e naf pSH Blactt M & 5 o oy predorpod gprication

proceprossing Ohgeslef P gihgmachines fed through the preferred
brication process using a hammer forgi ng nmachi ne;

f
10001P30019]F I Gis arfrong view pbene afitberfosging hematers ¢fF1Go6gi ng
nmer fo Rl : 0 |G i S .a CIoOSS:s | Qn
0002 9ET 11618 S LAROZBI Lo o 9581 3661 Vo
[00021DO021FIE] Fis dpairtial dorpdtutlingl crb@r@ictiowinilghh®Batd @€ FION prior
t.hrough the barrel of FIG 1 prior to forging and

to forging and shavag therireritubscnsested in the quiersheeveut er sl eeve.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 00022] In

or deDEtsggugnrgggg Qgg@bmm&:ﬂ RATBSTIMENTS

preferr
[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.



Is given by way of exanple only, will now be descri bed
wth reference to the draw ngs. The preferred
weptweds4rent i s descri bed for conveni ence w th PEF/ERMNTEN4688
and without limtation to a firearmbarrel for a
ri.fle. | nei . di ej ) .
AcecllipgS e REHE roia Bpich P bR M RSBl Hhlc ¥ nBPlimited

to firéifbatien Brodhittéon @t ion is not limted in this
ct. Mreover, the process for manufacturing

[0002r:§ﬁ1€§s i Refermmpanpaio FIGr | vhirdsthows agrossrsestionalyp nogticn o firearm,
| . o ST '

o e SOPLESE B B DB L SORAN BT it

geneRfly inthsded AdafdVZINvAGR ents, besisatiectsl ton reddver@R aspadreaded

I ndust ry. Accor di nglg% the preferred process descri bed
conngdiogiZt, sshauke Bagghefsdefmen pr interaal hose 3o whighprewdes apath

f] i,0 : rri
o SRR AL PopR RS s b RARLy EREE oEeY8aton
end far fec¢iemprind doldingehe vufddgepashde marte 80 at ®sqeohd oppsits ead from
the present invention_in a %r?eferred enbodi nment

which ghedtudlet yumatalyiensts the Begeral Bore dnsammppigater Wit shaseba @8 and
et o0 Yl oAl SR SPRBREHABA Rt musste 0,
as shpwnyv Bdes3 Gdgimieha tdngitudinalvdxi ot barieLi20. eAs shiowaeinl RiG. 1 ychamber 28

. dj scharged, cartridge may trave|, a ch er 28 at one
is predgrably Gpnti gured emc{@faawg t%P‘BPh‘@CWEe shape P?%ngé,arta &F- AS

_ . . e t

con EFFA BRe Rl TR0 ABREEL B SO b DRce o bore 3

to impantrspinite at esiting billea Harnmproviy andraey! Rifliag 4B muydie deberibed as a
| ongi tudi nal centerline of barrel 20 from chanper 28

shallew spita) igroRYs sYtachsipay Be catpsfprmaddp dheswaldgf the bere,36.

ngit ' bar . ' I .
00 e B 2O B S Epa sty R Aed ol et material
to penuitrp r¢dvetion intetad baped varigltt e be eatizédd da theAsreferred embodiment

conventianal | racticed jn the art., rifling, 48 is .
show G 201 B EAAIBGFT QIR HeAALAH A Sl Vot akged tp he iner tube.
I v, -
Prefet o HAn PG Pty AibaS Hol DYoL Blal Rloy IR fipns grenth and
ductiBtyito atithgtand the heli atd pressutzdfornas oHeoniimstien cicatet vchenalcartridge is

. ,of the bore 36. [00024] Barrel 20.preferably is a
dischatgsh RGPt 8 Sesl Gc i5F 1081 DA TP PEBScPpohbeS? Bex be grade of
stainle¥ sidel oPCHrEREGhHIO Rtk TR Bbe RAY b8 maWE by kil BEndstock, casting,

realized. In the preferred embodi nent Shown, barrel 20
extrusinn) ardey other progesses cdnvedonayl usad iotheart. slnpentabda2 functions as a
I ?ttﬁgpep to,the inner tube. Preferably, inner tube 32
ner t MG &' FYont-a netal or netal alloy having sufficient

[0002] ' engthutandlecddGYiié pieYerhly MadB SF afhiledle BRI oRRtal alloy having

pressure forces of conbustion created when a cartridde
a weight afidgiensitygless, thanthis weight nad density of &wler b 3 to radusoithe combined

e Y N

a tubélsitdilat ROINhEUOBSIDEAI hagadtouile AxhétdsODR, 1104 pifdtredtditiodiment,
processes conventionally used in the art. |nner tube
outer gleey e, Fk isi s A aluminpmenr titanium, Qreplloys efegithesgluminum 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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[00025] CQuter sleeve 34 is preferably made of a

mal | eabl e netal or netal alloy having a weight and
walessios4s6l ess than the wei ght and density of inﬂHnsnmbmmam

32 to reduce the conmbined total weight of barre

(00085} 1 Fnfkaperrbeptivefanes afBe5iea it B f‘Ee&er %ﬁ’g%l may

be usedl iwsinsd €lebetiments For ik tubd B3 BisRbEdtEr S 8. 1 @A tuBiOtentimeter,
outer sleeve 34 is made of alum numor titanium or

witheyt |lmy@nen, depending e theityrmefsteel nsedrind gny sepingelement eomtent. A

oicfERE: i Bt At BT St 80772 28 gDy

centifl@¥ hdthbet Inaitabnt hatypiahfihgt Kgrhitaih D titdiRin aBoy¥ ®odld be about
44 d‘n%nesn um or magnesi um al | oys, etc.) are contenpl ate

giaE\p/opbic geBUMSIST w@hgutalgmttai@ns Aceqidingdy, etr Wil bma@gt that
subs{{ 8 los P et S o BTbigh e Bl BT ghf forseet o

makeditded30pat Hftht Batrélavill et ih ub@ddcﬂeﬁ)ﬂﬁw]ve@ht ypl cal
representative range of densities for steel or steel

[00027]] oy wHine somngsitsdarrskepmponsuiiel thetrsefered ermbedimentiwidlnow be
descrswaqn 5\%0 %: ’gf;d| lg\grec? B\é a %esg?r {181?‘81‘ {i‘)ﬁ g%é‘feﬁgd’]ﬁ)]g%{l St process of

w t'ho

formingeﬁle anﬂlp@ityba;}réloyl ng eI ement cont ent . A typi cal range
for alum num or _al um num al | oy woul d be about
[00028]g gr dhefewingite Fé@nd.iinrsr ibe 3248 ab eXleript A6 48 A/hlch preferably

is coxg%@ugcﬂf-r% 2 4r.n%féflalt fohfmz 9‘{?8‘?1 %ﬁcﬁé\lom@d frﬁﬁﬂ lﬁ(@bj&tgr sk?@t:ve 34

rans ter Wt
resultingrfrbmt the fnrgmgqmaészn ql'ryferabiy,mlebcteher spfiee d0tstridtate including
su stltutl ng. | ower density and conc tantly lighter
rece%{o Yras surkias P SRPRFSIONS P SR AnATOPrORER rﬂef%n FRidbatAurRasE:s t

Acco?ﬁ[‘n%lﬁ'o;urf gg 8@% 4 ﬁ_ﬁfé%eldl enﬂfﬁ%énb t'his Qf;&ﬁgxﬂﬁttjéxp& thfle su%rﬁaé:e areas

e conposite barrel conponents o
and rpcreeieelr swerfhce mtvas thae finctidd to lockingle edgaperant securéower deeve 34 to

det aj fal | owe dbya,dscrl t|o f the preferre
inner '?fh ﬂaﬁrelpyrraelé%%g Glatiyg, Qﬂgﬁﬁ xeagm%megt bewpeg the sleeve and

tube WROPZedRES &éc{]%ﬁ%&mﬁle 2, inner tu_be 32 h_as an

exte i or sur ace ich preferably is configured to
[0002% cei vdnrmme embatinient as dloyndilepktried sufuate stroctnredddnrfer arbe 32

h f h f [ .
may b GBe ESte B ashiyadiag 40 FBthd on lon sutisd 40 inverube 32
Thredditg #5919 ifBGRIARED REIRAPriGHS 16aRd Wr@@ﬁél%P%@5ves 44 disposed

cavities are provided therein for that purpoSe
betweoa:mcchsslge yonvolutioas ef the ridges ]Eheetbp of sdgesmoattifime atmdjfasdiameter

ation of raised su as and r cess .
for gt B Pyt OF EiberFeld e GURRRGRE et GiRig Ridees 46
prefefddhHpidj R ATally! ROV dSthomandaB6Ve theRSotHamdtEiest@R¥erior tube surface
resisting rel ative |ongitudi nal axial novenent between

40. Ridgessi6euoisrablidmay be pwtdelneq oy mﬂemombmdéuds sybtak entting grooves

44 inlg il sty NG R T o SonikenE. T e gt sgpoves

may géf caf@ﬁi#gcfﬂx?arb tgbg gﬂ ifitHe t"cl%efls%lﬁ@éjb)oéhsﬁ?ﬁé eRidaes 56/plettSbl¢Bave 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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Threadi ng 42 may include raised helical ridges 46 and

| onered helical grooves 44 di sposed between successive
W@ emwso5446i ons of the ridges. The top of ri dgesP@BUS2007/004688

define a major dianeter for threading 42 and the

only, %I?J(%Q% %y%ag%f)ibcfai‘ “ﬁcftg'ogg St ‘031’9%@%@ n IQ):‘O(\j’gé %ﬁf have a

typlcah\dldﬂboﬁ/&)ohh@ 08 Q&he:dl Howéwrt, aherexitdeis If@zr rldgtb 46 ahd ERoees 44 may
may be produced b

40, Ridges 46 preferab
be pre&#%nifﬁrﬁﬁ%z m?ddge@[ﬂéw heye aypir pitgh 6%3%%3 embodimgnts of
abougﬁgﬁédcﬁfm&l%fﬁ(\tﬁreﬁ@s r:h 188 Er{oré gg?er%%g\)&gqtoqﬁfetads/mch to 16

ments, the ridges an
threatlsfimeh. t ube 32 if the tube is made by casting. Ridges
46 preferably have top surfaces that are shaped to be
[00030] hst anknicanirdst £9 eANVERINAE 1@%@@%@%%% hre

SRS AU Bl PR s

threaﬂmglwﬁ}hlelaﬁablymﬂé agd ﬂmppéﬂ%dgwy6 liandswidalydiphced apart grooves 44)
| ed, Qr another shape. Preferably, ridges

ad Valitregﬁ%% Vineliits dhrsading rqs’éh TpgeommBleteky @%twneﬁarasrqu@ﬁ\esrm the
forglﬂéﬁﬁg s sBri'l?d?Ar ﬁ%c@ﬁ(fn@ eri gxgtolﬁ?érgﬁle\ﬁa émnla o f&%?cpé’l.ﬁ)?tantlally

oves SO pre ve Substan
unifolnéit andateeplytinto gnoox&h a4 10 proaniglaetcghb bordbetwee the slkevd athd inner

rube 38 RIRFSARG e PrEIFFS Mreddind Whp s sttced B Ve Ehako and
advax?c?]%% §5 ré&c@?%am&uﬂné iﬁ ﬂh c&ggtohc Ehe%i{%g&s l%arq # conventional

However, ot her r r| ges
threaged)wmesxsddlwrthylghéy praced plﬁdts afidpeadesng 42 may

100050161 " SRbpush ARk tecistel eHEHaRAIPRE RO SRR G irer tbe 32 is
descrﬁfeﬁfaﬁf)@éJ b&e@?&&%lej&nﬁgﬁﬁﬁgﬂ 48 @Qnt&?:i lf]afédtalﬂﬁ?ﬁasﬁt{e' RES- For
[O screw or

I'n contrast td conventional " finer
examlpter; hormentlgrp?é tltrbmh&gjhavglg:ﬂrami}a hﬂle&&xﬂeddmdgleg bt peaks and V-shaped

e RSl br 308G BER SeSh S s Pt

receﬁés?ﬁsﬂl&@@ athterial 88m ARer(shidde 4 @? IR¥rgs ?ﬁjcléhq% grog{cféoavs%éure and

advant ageously help the th reS|st ein
lockingrepdtionship betweeen thecdeeve asdy umshexbe Ba Maaoﬁmgaadglg conﬁguratlons

es hat di spl aced mat er from put er, eeve
knowjR RSBy b Bied WiRedSeite Torg ball rapertidinraid oliery
[00032)t O OrIPRNIEBe 4ppréQattd Biat BR eRtckiof Nirf420 20 RSt A488He ﬁlﬂﬁerous other
sl eeve and inner tube 32. Producing the preferred

formg wsénapnsngthw than Wr@mhngsmlcegi ag;tegw&orzﬂtpmssgns of SuffiClent depth

B R e
outerdfeeve 34 ﬁfbdhb@lm}l the ng‘rﬁ%rm SInahe aﬁél‘i&@ﬁ@eseml[v&ﬁlggﬂﬂ exterior

Al t hough a preferred readed exterior surface 40
surfaeg 4%@fitub¢e32>may hAes a plupditpof spacerbapart dsumdtrential gidves 44 shaped

51mll§f§’ t%qgtylw:sg sﬁg\% ugflf@t ntS’w tcff et o& ﬁﬁ cgg cﬂ@rgﬁgi\/?tﬁé S\Postantxally

rexanpl e

perpeﬁhﬁﬁﬁk yhoasighvad) tb ﬁ[eelaﬂgltudﬁiﬁ@ axiobf Apbaks. anshothdrpapable
val | eys therebet ween may be used (not shown) so |ong
embogiment sheysy i &p Sprecessest roasdadhe feam of knurling 60 may provided on

exterior surface 40 in lieu of threading. Furthermore, the exterior surface 40 structure need
not be uniform in design or pattern as shown herein, and the recessed areas may be comprised
of non-uniform or irregularly shaped random patterns, geometric shapes, or other
configurations. This may include simply a sufficiently roughened or pitted exterior surface

40 of inner tube 32 that provide cavities of sufficient depth to longitudinally lock outer sleeve
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recei ves displaced material fromouter sleeve 34 by
forging sufficient to provide a secure and | ocki ng
w0 edoavsganshi p bet ween the sl eeve and i nner tubeCBBS2007/004688
Various threading configurations known in the art may
34 1O e YIRS S le Bab R |
ot ﬁer S. ySfég%S It er 8(1;8 %ppréécg?ltg{lgg §tq %oha Bﬂ:‘?erred
mnbeﬁn@nhcstqrﬂmﬁ@e4@oﬁn&e3§$udnnnuanﬁma§2mﬁhbew#b#mmybc
Pl B0 R TR S0 R SERETRR Sl a oo o
exteBl s%fﬂa@é AGHf fuBE 82 ﬂgly% coRfaR{ re@és@@d arb44R oa?er st g@:'nﬁﬁdlments
deforned material ffomouter sleeve 34 prod
Therﬁfwglthngrepmoémsas rlemd mnébeapromdndalong theendobiaié lmgllh of i 1nner tube 32 or
L.or,.surfa of tube 32 na ave a
may B DR 5 Spa AR PRI Faro Db Hiose i (Endih 06 he e
Accarliigly2 it willt dpBaeRt BNANidventdrGs 8tlr|HHEd hé
* eﬁlgc)z alnd aatrpg3 orient edl svu%st antnl al 'y p@pe%ﬁéﬁ'ﬂ%s of
pOSS(hlﬂ)teCGSSGd/\m)rfalcgCollfegllranglstiwd]oaal heagins of tube 32. In
ot her OSSI wn in FIG K65, recesse
0003310 45 |Ff FHar %‘b Wsﬁ%ﬁmaﬁgf%ﬁamyb‘ﬁﬁ‘s% H%td‘eﬁ?f'sasl dbe
directioh&lly Gtientdd haa® Pﬂ@sde'&hﬂebﬁ‘dﬁ @hn HATRAA Bord 36 (s@@Ff@rl which is
the exterior surface 40 structure need not be un

cut or uﬁord@dugtn barrelit. t learexamplehinvapriferredl embadicnent ehneedmg ééds left-

SR 5 GIREARE PBEl RO ek S BY L o g

hande@Whilg Wifiig M- 1eﬁmb§deaanmmgltw§ro§és%kmaﬁmg%fﬂp%b@enﬁdr&l 20 as
rmaghened or pitted exterior surface of "I nnér

descslze inaletaprbelava ghe wsgi afiopposite hgud fhr@aderrg fod exfetiorn t«breadmg 42 and

rifing RGO oo Rl e e L BB B e i e 32

not l6oseh&f Whérethe eIhOis HBAE toakd Barted! IIPFAET, @ﬁﬁg 69ﬁ)6%ﬁte %thl?thge%dmg
and i nner surface 52 of sleeve 34 nay rel ativel

wouldraduaragsondy tend th aightgn flesy @@aectt@géxemen omterghem w @ndsxoner tube
32. Rﬁ%&gtg\%%g\%tl @en%%g){e%l & éexgg rior elébeetﬁé zrgfn]%r %{f‘lﬁ&&ﬁgg f'i? may have

the s fakd & cﬁfEbﬁ&hdIfﬁﬁééﬂln%Tﬁh%ﬁfe%ﬂaodhh@lti Fdesif@thediiRd the bond
need not be provided a the entire | ength of inner

betweerpeuterslesve ﬁﬁ;an@ enqsr e aa ds primanlydermesdday forging eed metesiel
defo:%eﬁég' 6.8 h%ﬂ% a F‘ﬁaﬁaﬁ omgéuonfﬁ?tube Accordingly, it

be ap are rmventioh is not limted to

[00034]e f eWRef@ﬂ@g esFI@f 3patikhiBhews £ er3s8ettivn thraGgh a completed
configurations disclosed herein. [00033] Exterior tube
compasite here domedrasgordingrte e forredyembodimenty sinep abe 32 arefesably has a

vl e OR A 60 R I ARRASI A €0 rrin
to refain Sudtabie dtrenyitly tdatisoed the GorcdsissXasvith dischagippef artfidge, while
enhodi ment, threading 42 is |efthanded and riflin

48
on the giher hand 15 small gnough Sraide netadddmaunivveight torkazgl A Gpter slceve 34
prefe@ B& { Jn,QﬂP ihandsds \Pﬁéljerﬁ tb hralké ﬂ tlf&sde'sﬁetLgﬁtgldP a%grf‘eger of barrel 20
g 1 I ng arre as

€ process o osite
and td @swiddany ddditibablostien il tovhe dolrn‘:potssebaﬁel dip amiytbe réqa.méd It will be

t hreadi ng for Lior 42 and rifling
apprf‘ﬁeaé?ﬂa @é%t%saa’éa tibe gt s eY ety ‘é(ghYﬁiM m@rth% sigeand type
of fireAraE¥éng thah@fat ARQ ank légﬁmﬁgtlénc'used, and materials selected for the inner tube

and sleeve. Determination of appropriate thicknesses for the desired application and

materials are readily within the abilities of those skilled in the art.
[00035]) The preferred method 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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not | oosened when the rifling is added to the barrel.

In fact, using opposite hand threadi ng woul d
wa@edwansageously tend to tighten the connecti onPOEUSIETI004688

outer sleeve 34 and inner tube 32. Alternatively, it

Compo‘é‘ﬂt% Faxpé? 228?%%?&%512 ‘For?ﬁtd%g 18F, 1#%2@ @:&%gﬁrggeg?qlg ﬁx?&%mer forging

using atcbn&micmt]wammhabte&mrﬂm&db@mg matHinglaghrae thdse bailisyy Géwllschaft
en outer. sleeve 34 and i nner tube 32 is

bond b
Fur Ferp gymgsich ko e chiper g DRy iR i ANsted. Hgeperebihaommer
forges @VE@E(}nﬁaﬁ??o%%n%géﬁqﬁgw‘f&h BREGh 8%;:%%@&20@8%% 9 %ﬁg firearms

industry.nThel gdfnvann@mp peiced begimp oﬁtht@bdwd batel bnkekht ac§picdily shorter
ref éﬁ@rgejnbom nment, inner_ tube 32 preferabl

than the, JesTl e nésmandrek (gt shgwny ehistumay ineluderthe dilingrin
ised G SGERTTIS S 0L S A D e

essentiallyssetsi the axniviunh ﬁdalshoi’mnhgma@r af thaibarrelddier forpink ethe didnteger of
and Js s Il engugh .so as to not add undue
the maf%féadhﬁe eciecobirhag basest oreie desizeddgipl bara dipnester Jheyblankds ghen
ffici
progreifiely (INGSARERE MAGHE b B AU P Bl BR) B Spvosing
hammemjmilatpromk ksdwe agtolary (ﬁorghg. dhipescdse tlhﬂsr arel eldripates niwybarrel to

required. |t VVI|| appreci ated that the inner
produw &bl hexiog adfnishpd %ﬂt L PS4 Damer fongsy gndgnpaller than the
blank uS¢Z® lﬁgﬂl thyY BFOCQJS iy ‘?ﬁ'ﬁ Q%’o Pg%?d‘t%l%@ﬁ tﬁﬂ Harrel bore at the
amuni €1 on used r|a s se or the inner

same timgb & lndhtistlyethe rlﬂm mayrba autiioto thé barpgi bop inat separate operatlon.

t hicknesses.for the desired a cat nd nmateri a
This safgBdSIeBsEanpoping AY S 160 10 Braducs Bamessite BaTas SRing et

descrleJ‘ﬁer@fntwhlElQH%@foryﬁgs H&t%fe@ﬁ n&d fHPﬁlQP@JrﬁéseP V&‘ES@% MW and

maki ng a conposite barrel according to principle

additiond pigoeesfomachimere firithafieatrh fauuwy faee mise;quxﬂeécﬂo piodhce composue
ref er.ence to .Fl 03| barr |.S .

barrels BEoF G 7 o PEPHENES 0 HEJRUTRIGH A Shohiaates eidifors ey

dfiﬁlﬂ&fﬁﬁd halmiag puatel gtgmerc:l al |l y-avai |l abl e hamer
expen forgi ng nachi nceéﬁe?uch“%s those built by Gesellschaft

[00036Fur Fdht prpfiergstrecthod kf nnakhng/ta&ompnstdimnre( Brihs b)nplﬁvdyng steel

baree i oy SSRGS B B Lop cRerGH e s PPg Kach B Tormed
in the bh81 BlADEEY dfllihg e ety theTH%ﬁPloWI\ﬁ%ﬂ&é NidheMQE b2 3086HI K has
with a bored barrel blank that is typically shorter

an initialygplainrextegios puréage 40n Extesior Bueading 420s maxidrue int¢ axterior surface 40
rifli

d h
of tube 3 U Provid et Rer Ganafi g og o Bt byl Gab e
deform&l MaRriaher diididicRle 84 8RNI Adplaced Hom theForginy prueest.i nal
bore dianmeter of the barrel after forging, the

Alternagivelprshasyever, it Widl beeapprasiatedsthaidhe prasessi mabpmn b:an@sur@mg and

prov1d1%é1 gredtgﬁrléa?ed fnh?raslaee?ﬁ[ be 3‘%' gﬁl[ﬁ%{ arﬁ]gmgl % 1O sutfac u%f gg or

ressi ve ough ne “an

mcluduag" @umbrttmadtﬁ@ d2 elf dplainRRASIoN urlREEO iSprioRiddd x@st RS Shreading
own _as rotary forging. This process thins and
42mUSbbeoﬁgame§ aefaparrel to produce a barrel having a

[00037LI ni's b%?er sﬁ&%ﬁl?ﬁ:@g 394 ﬁk&ﬁro@ic@ﬁﬁlch I})%&‘gﬁlyqul the form of a

tube havmg an outer surface 50 and passageway 54 defining an inner surface 52 (see FIG. 4).
Inner surface 52 preferably may be smooth or slightly roughened since the material is
intended to be deformed and forced into the inner tube 32 by forging. Therefore, the inner

surface finish is not important so long as the sleeve material may be forced into the recessed
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bl ank used to begin the process. The rifling is
concurrently produced in the barrel bore at the sane

WO 2008/0544bt er natively, the rifling may be cut i|iPCDUS1087/004688
barrel bore in a separate operation. This sane forging

. : usi

areas of 0 Tty SRS B0 AR BRI TR B R er 0

surfacel5Rejoesis@habon stutfate cpnfipose witheewsshs 0gbynken aras titht may
addi ti onal dpi eces of machipery for the firearmfactory

interferg mathypatena fiam glgeve’ hireyn bewedsiapivaly vaiformly dprged into the grooves
el . o arinei : i
4o FFEBEAPR, Wl CUUTRLL 3 e AE ENSOARRID o vl
thicknemiTs;t(ema?sledvE!@drmiy egprodweded .in E)k&(ya&:a]ggﬂé’r_el mmgfee deseeibed above
. method of neking a conmposite barrel hegins,
for inneg tukg; i ﬁgbbé%&s?%rrogvng ERchRIQueGTs M ARy %B%P linﬁfyl% #rt of metal
: St . '
compofth FRUCHH U b G, SBTBML T Bt
alumingh s titatiume oondllays € eitlstr abimihuh er SiZanvim cioweasr, ather suitable light-

. initiall | ain exterior surface 40. Exterior .
weight metals:of A aﬁaéﬁ% MR¥bE ug pr.omds8 élaaygﬁa%ﬁuf@aw%éll%@ﬂw to

undergcsg Hgﬁnﬁz%ioﬁl%upiﬁﬁ\fﬁedﬁrégé ;@?&d fofp ?ﬁgvﬁlﬁ iRGnde? 1iBe0s2 (STe FIG.

rooves 44 cofifi gur recei v eformed materia
2). of outer sleeve 34 that is displaced fromthe forging

rocess. ,Alternatively, however, .it will be .
(000385 o4 P bael TR Ing REPCBSSsOBLTRUGRY iBReging BYeTib 37 intpyouter

sleeve %lr']t it Bl\éb%: thOirELsBRE 55 8F &?eﬂ. ﬂ&i'g 3§t Slimatits eRRrioVbilrfhce

er a plain exterior surface i ncl udi ng
40 of inmet wbe 32, tut netatkicesyardiy.cohfactngihaiimnee ntberat all phoes domg the length

N T T e M T
liner tuﬁ% gzlfgqed 2) W &BraBlyaighdP %%al'le? ém thé ﬁxsfdérdﬁrﬂételalﬂfgiléﬁjﬁuter

g an outer surface and passageway 54 de |n?
sleeve HN(FIGnErsoghatfthe tibs Maystide Fitcheputerislenes. Auelhteady Slpse fit and

comen S Bifibe SHE P R ) b S A RS 10
forging iOPRIArRA, bRIRE cdsbiitil 38 16 dsUldriteevd DL rB%ithatd 3% ind may be
i nher surface finish is not inportant so |long as the

forced thbrmghlyrntoegroaves A pf bieclitobeBhita produceiseewre bond duningibe
h o% the tube exterior surface 40 by the forging
ammep tIBRE PIOGH%f er abl y, however, inner surface 52 does

[00039]'0t  h@MmgilIBbeSibtd st B leSker REEnBIY B2 BLiRSSHrsOinitRUBKEN
areas that may interfere with material from sl eeve 34

prefabrication ¢mifigyratioh and viet prioniofferging, Referiag 1o F1GS14hand 9 showing

44, of i t 32 by. f I Ng,
sleeve S0 e R HAL LrAtGraRoPelion iRl s il iR e 52
inserted fAkidk BaRS slEsve IABTore ThRMD, GiderSRdevD thnf QERREF2 bfisiebhe
same general manner described above for inner tube 32

passageyyayth rasferably isnelatively Heiformeansimaasis Witbawteny yubsiantial sprface

s 1 SRR BE L ALOLET] L0 g

a good BontbdiBan the el antoutdh skkeVeySfopging Inher tubk BRiimal prederred
titanium however, other suitable Ijght wejght et

embodigrenqmay be as shopdn indifGné Withextgsion irgrding ﬁ%@%(ﬁéaﬁvelyaslﬂ?ooth
bore 365(%“11%'\,\,%51} mal l eability to

[00040) Referring to FIG. 6, the tube-sleeve assembly 32, 34 is next loaded into the

hammer forging machine. A hammer forge mandrel (not shown) is inserted through bore 36
of tube 32, and the tube-sleeve assembly 32, 34 with mandrel inserted therein is advanced in

an axial direction F into the forging machine. Both the mandrel and tube-sleeve assembly 32,
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undergo deformation during the forging process to fill
grooves 44 in inner tube 32 (see FIG 2). [00038] The

wh2008054460r M ng process continues by inserti ngPCTIR2007/004688
tube 32 into outer sleeve 34. This places the inner

34 are ﬁfﬁﬁ;tgx‘fe%ugg r@t’f‘ateﬁ lﬁk%ﬁe u@ﬁﬁ %%ﬁ%lg Wle TR g mSed s R/ly%rward in

surtace not n cess

the machime. aimbersgtﬁet/h essembbyr 32, GBeomtimeh to ﬁv@ﬁ(&StoﬁJaﬁlnghé foRgin sectlon
| e nd circunference of the sleeve and inner tu
of the "1*}?2‘"’8&51 ithraugh &ﬁ&etarrcaktmpmsefi R Hatingdipast; Qﬁérnlqnaga@e@bers
( r tk %h
such as{Heiriers 0 WhidH TR 0 Bt B, HordilB) e uiBTuIRIR of sleeve 34
with substtattlaﬂ forcd. UDles mesl iB Hﬁowmhleo hhﬁ)tzﬁrytf@fgmgl eH¥Rmefs 70 oscillate

relafively cl ose t and sonewhat tjght dinmensional
back an@ajpgﬁ afan tmefoe@ﬁh FHABE TR BFIregHenl MBHiCPrEEVEb RS

generalrﬁge‘?ﬁé?ldfc%!é}'t@ the! ﬁor%@éeeﬂrﬁge sttlas der ?&r?agcﬁt 'an%g’;legge 34,

as outer sleev roxi mate
[00041F or cedh drrecerobglivnynt thb(foxgmgmasmﬂe%n@j‘r caitsig lfourtHagmnsets 7O
t he hanmmer forging

(shown i EeuragaBlGB 670 6 M SIBETRBY G AR MU tspEebeing
diametl?c%ﬁ? rﬂghbfsea a:ﬁAan R%r38b 'dé%eé rlhtF @l 6 Qhe Qérﬁézfl%rairrioggbkoggd

con rat nan sl ze rto org’n
hammefs| T0Sire hanmdwhils ﬁreWongomhlqu&)BAm(mdneaﬂemméd fulictifity of

depictig e ute Ve b Tod; bF 3&1{935&] ey e o aogrs, other
comporleRf @t of tﬁ’éJﬁﬁﬁméll ﬁ?éﬁﬁg H&Eﬁﬁe,‘a‘ﬁ ?91% 19 tHefeo? hRS'R Jeadily

passageway 54 preferabfy is r ve y uniforman
determlsccbby thopé smkbc;t inghg/ arg bp se¢ferenceato theifdrging nsdchine tmen@acturer’s

o RS, e Setend theiein
the forg‘iﬂ&ﬁaﬁf‘ﬁ’e i Bfer&lcBENS n@ydlaﬁfcgﬂeﬂ Qerelrd) nl?'imltl Hp ﬁotga \}\}}a? Hﬁ axial

preferred enbodi nent e as shown in
feed rate rndrdtationahspeed (RIYM of ﬁnndub): simvatassceibyy mtma}blm &lj@ed and

optimizfd B g gy %3@%@}%@%@6? thshi ob Uiesligraerer i e pppgmbly and

11 thiBXeHEER6f thO t G PéheMBAB aBifeve’s BOTBIndlRIARn TRORLE hnd §10¢ Thi
wa 1s hown t|s %gerted taﬁlrﬁgngh boren36lﬁof tnube % ldnan ve 'S

may easilylhs-dstezming dydhonsiskilied in 8% ani thtoughnelitise tiialsens eith barrel
axial.direction into the

materiafs S isToribe P M8 IO MR RN BIUIERS MRS | ceve

[00042]2S S € MbigVire3Pshdrvsa Roritie vhiiHEOWI Y tyREAHBANRY HOREFIG. 6
for }Ysﬁg machi ne while being noved axially forward in

(viewed axéal lysdonaniube-Figbe asberably 33s3binbiegd dirsetion Foxdithe fongingt o

t he f t f th hi.ne
macing} $308 R A ek B8 PR 0BR8P FRRRu S P00
have a sﬁﬁkmg sﬁr@caen‘@emal ﬁtﬂa& g deedthi tise WOkPIHCE Bucht dsitiiee- a6 e

t act mmer") the outer surface of sleeve

assembly d p4.1S Sk SRPaT | Facms mmente gk be i howdivsand/or
e RS o FOTELS 055 L I s
section gfthe vopkpeécer atrigle A$ may typically be about 135 degrees to about 155 degrees
in some embodiments, but may be smaller or larger than that range depending on the
diameter of the tube-sleeve assembly 32, 34. Varying angle A1 can be used to produce
differing types of aesthetic surface finishes from very smooth where the hammer marks on
outer surface 50 of sleeve 34 may not be readily noticeable, to a rougher finish in which the

hammer marks are intentionally noticeable. Accordingly, angle A1 is not limited to the

foregoing range.
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general |y perpendicular to the workpi ece surface such
as outer surface 50 of sleeve 34. [00041] In one
wepdsas4rent , the forging machi ne may contai n fRCF/US2007/004688
hamrers 70 (shown diagrammatically in FIG 6 in side
| evaty] i ' - pal: L S: j .
100043 2o PR 2 outh o WS ERIOTISTRC DGR s of sommeptl
forginghéchifie udeigthe positicabr manter of fapinghamnivanurdsorifdiaidual
shown whil e the horizontal pair of ha rs are omtted,
configyraionprdetails obthecamraers ngntsr%@ef-uéey &1ps &f SameeE E%ggngm%c ine or

T Lt
e T VAP o U L B TP AR Sh e
may beddeEsmiddaindtboadeid theinnbetubeactht yamiebesquivakaht manhéraiescribed

_skilled in the art by reference to the forging machine
herein.pgnuf acturer' s operating and nai nt enance manual s.

[ooouj\gw (ﬂég@)ﬁiég rgrg%h 16 PRG P theMle b G¥detnbly ﬁiggta%gﬂéxpﬁg &&begfed

e forgi ine and references are uplicate
axiallyh@d @advanctd thabugh the hanimeriforgat Thehienpast lmmere 0 saike oated surface

rotati onal speed (RPM . of the tube-sl eeve assenbly 32,
50 of stpgverdd with t@@}%é@@sﬁ@sﬁdhwmawszev&%a@m@aa iﬂ?ee%rg%-gﬁﬁ%eassembly
f ' e ' tar.
round 8 SRR A5 035080y A e gl il
perpendichiae weowerguofich dhandiatavedially revardbdiratidn sThsveadialthi s

ily be det ined by th Ki ' h
compresmYRGEI e FIreve 54 RInedneSse iy panseerd it teSndifs) and
inner tl.rrlrlge];] ﬁfaf‘ﬂ;ﬁl@[l%sg%ea gﬁ?d {?? rhghlm_;é"?ﬁ B B SR RRicH CREurferentially

gure ows a front elevation view
constraif i sleepe.c @he hanmering casesn@erial ftam énvnsd surkicalSRf dhemiggve to

N ey X T
surfacéS {(?, I‘@E&% rob%ssﬂaa%e iﬁ\i}}f)&&ﬁ@d faRedi f#ERouRd1eBAY $4 Becomes

I'ng surface strikes and deforns the .
embedded inpirecves ddchclathat thb slesveangegedbe giooyes3s, ingt tube 32 to join the

stceve 34 by PSSt anei S SaRe RS o/l Pl g ceptof
groover§ Wl d&e %P&Jel%bt?'f sib3taffiRYY tht @nGRIERpINBTErodves 48 afeRIRddl With

ound cross section of t'he workpiece. Angle Al may
embeddypimartrialfrom iy steet8%4. By Peging operbiden aliGeaugesgnaterali from

Seese B RS G B BR8] LR e orin
than bifdRE TIREYE iOSSERAlY s@Rezedfoff Marvirdee] a6 @l Rodbsseqthréiegh the

e_
used to produce dif?erlng types of aesthetic surface
oscillafing hathesrst r Bishodd Pe sated that whiernativehs thealorging ApGTRYOHMAY

e A5 8 Sl Bk A e
inner {kﬁ?fa@S?Bfi‘thE BLRPEleeRAY, Yherdty foRRiAL deprissiciisdh tigd sleevangl e

I's not limted to the foregoing range.[00043] It
correspdralingiolibe ridgesdtdtaishe twhe i nvention is not limited by

ype of conmer | forqgi i S WL
o002 hs SRITEEGHE ¢ QHL00, RIS ot bl pshi
transfSrRIafibA H REhOSf fB¥e ARingithéfoREing PeodesTRIebytrbwive] inesecond final

Any ttype of hammer forgi.ng nachine or =

size that is different than the assembly’s first initial prefabrication size. Tube-sleeve
assembly 32, 34 is generally reduced in diameter and longitudinally elongated or increased in
length as the assembly moves through the hammers 70 and material is displaced. The
combined tube-sleeve assembly may be elongated in length by about 15% or more.

Accordingly, after forging, the final outside diameter ODs of outer sleeve 34 is smaller than

the beginning outside diameter ODs. Sleeve wall thickness Ts also becomes smaller than its
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other suitable type of forging apparatus and operation
can be used so long as the outer sleeve nay be

wa@ledosnsmel and bonded to the inner tube in the BENESINT/004688
equi val ent manner described herein. [00044] Referring

e ' - I nues

il F60 84 L ool FhERIG BB oG oM ORI o

Lengtlf br Qfenne'Fhebd ’mowacbmbammgénsthmlts fifst bﬁfdﬂﬂk@ﬁorﬁhh@t@@ﬁeﬁ%rgmg
eeve 34 with tremendous force that progressively

Outsidg é‘%ﬁmt%r QReand wall duckacss Hawdengp radusting in sige anst icage smaller.
[0004 ndr eé%vfgm{anﬁge AR ShE Fr?a? { dﬁl:tru%r{(@f aséo %ug’ éﬂ'rea{ rt]"%r a22

PpPr oxi er en I CU O outer suriace

caliberarimfirh réfld mmgmhmdﬁledfdr@mg ineidhinéhe folbuviag Uimemeivakiess es
and defolﬂs eve 34 which is essentially squeezed
transfoppatipnsresuiied vethd karreh hayinga steck inper tabe Hnanditaningy euer sleeve

34, BAHR ff){? e$ MU tobe 52 G a[\ hrﬁtl?l”({)l%le 5116(? 3% ﬁ‘llah and an IDt of 0. g245

circu ent1ally constrain eave. "THe KA
inchesc aluﬁﬂsformmgs ikl 32f Hadra fimah entssdy diameteb@Dalbof 0135 $xhdheyaxd an IDt

of 0.2y 3 decsb il SaCbised o dcsise Bora fiacienind seisctionpt udabisanandrel
s il QYRS e Tl s maiad LA LB gl

approx$ihetelyel 386 gadiemeteh eesghabfren fofgingesed dntle cdikideodipmeter ODt of
tube 34 GpireomBisgy als e HEd s giowgh i IeBE ot Bl tarabout 13%
s OO A 600815200 AR P e

of maténiad and elfoagatinad e Bbe. Thembodrgl agl mq;nélamtalcmopdrﬁes of the steel
eve 34 to

. [, f fl
essentipfly E{%?ta i f%%? {hg.lm@%r 5 ,la?\ﬁrﬁpa‘fe%é%‘dﬁé‘gbel reﬁsg@l and requigHerin
diametf, WicH 13519 ¥d29esﬁﬂzﬁ@n£3 eF ﬁrg;s)ﬁ'éé'cf fala 180 hﬁinﬁ? ﬁﬁ@éﬂoﬁllhéf%ad It

squeeze he man I't progr sses through
will beomprdciamd thet dradueion.in Mallshiokiads Beoftmbed?2 tragtconcomitantly occur

rnativel the far.ging.operati on ma conversely be
during Sheein pise v abolE 0 GaBbeg i BE B B b s
[000474€PT €3 HQ hIGGE Dutt slebNed RNRE sadtt S REEiberrifE trial Froduction had
outer sl eeve , thereby form ng depressions in the

an initig] @B ©f ¢ d20 amghenaidan s aflfe3 T8iidghes. Adtenforging, sledye 34 had a

00045] As . F 6,, t yhe-sl ly,. 32, ..
final oS08 ARG SO ER AT toshes 4 it S i 305 TPy Afcordinely, o
reductidh 6€ appokinfhtdlP €59 Aianeetd O/ AL afrohhﬁﬁgﬂ% bﬁ&& lé'ntth@Qut'SIHe

a second final size that is different

. diametasQBsiof gleevef 34: Storicamitartly, thie hlsprisolied iora gpw@h in length Ls of

32, 34 i I duced i .
seeve 185 3B 4% AIRTE ittt o olsiis R UBplated REHEEDe ot in o
longitud8AYHRpRAGerhdit o fariial IndaestibA bpﬂﬁhlew@ habiRbe 37 8nd
and material is _displaced. The conbined tube-sleeve

mechapigalanropaytiepenf tb%tl'@nkt}ﬁg%ﬁ@dlailh limdtsgn mamhean@umumsmrds radial
dlsplacg}l?lgﬁte (%fg ?e%%gaagqg a%ar%cﬁlfehs t10n1 ?%ga'ter WEIC t}geﬁl fioﬁcg%%xage%al to be

er sleeve stal |
displaced in a longitudinal direction instead. It will be appreciated that a reduction in wall

thickness Ts of sleeve 34 may concomitantly occur during the forging process (about 0.12
inches in the above example).

[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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t he begi nning outside dianmeter ODs. Sl eeve wall
t hi ckness Ts al so becones snaller than itsinitial
wao hioskmass. And sl eeve | ength Ls (see FIG 4) PEDUS®E7/004688
| onger after the forging process. Length Lt of inner
n
he i 18 PESRENEof ARGPERL B2 TS FopPBELERSRY] v

sleeve Bé by Korgig »iflhcllu fm‘eafsgts raatedal o ﬂbwnnlomdglez 86 aﬁtﬁ gxlb@(?@mﬁ of inner
smal | er in one trial

04 of exa
tube 32fo0q4traRnesHY i }l?é#ﬁtﬂ% PRctubg F9gs nﬁlef oACGrdmgtain gafrast to known
l
compofilNabcP LGB DO b OO B B
barrel dnaondaig tqunm]plea of t}mepresennmweﬁtwmads&tagudutlytdanvum tding land

secure Poyiq an {eipresgRPI0E SPSSDRERGS. SAIAHOT. 5 coruast tparel ines
raving (PRI e DR ol Ao Ll S i
strengthnches (final 1Dt based on desired bore di ameter and

el ectjon of suitahl e mandrel ter _necessary, to
100049F 7 & e TR Srasolins Bibersiange arsamBDET 34 508t FIHME 48may
opiord 4l 4 RPE 98 TR o d 370 LS00 LR e
describ8@ ab@ens providedt |Alternativelyatifimgmesddded ta bora 36 rbgwtmmlgra)r cold

forming By Bhlhogaqoizrog B wik ety b roobans gt rod of s hydrauiic
ram thrloﬁgigfhte Waireplordl Rﬂk%ﬁmevefﬂ HRd 6 E e'n%onﬁwjtoq}l@é}gﬁ\;e' o2 Jpny

t ube. ani cal properties o
final maﬁnnmg ee ﬁnrsbmg isteipsy| sugh hs grirtding, mobslnmg,intafehmmvga clsmber in the

r adi al ace of ,tupe mater reductjon in
barrel, f iy afer U ERPIEAL P PP SEEvRSERPRIS2 5 BLeghes aced
[00050) N @ TR %%H@hﬁaéesg hl'idef%’sdllﬁﬂg hﬁférﬁﬂﬁ'efohﬁati’é’n' prodiRes a strong and

appr eci at at a reduction in wall thickness Tt of

secure bartskbed@eeneiybe 32 ewhouteruby 3btacthe em@m that thevafesiatsi afghe two
ve exa

compofRyBoars irRAIS LseR STEGHATE s A ISR, SomA R e hs

mterfa&adehb&'h thé frin€r fubt ahd @Jt@xdélé"évb Rhtdrds ABy b&idnedimeRs of
120 inches and an IDs of 0.378 inches. After

unper0¢1®al;j¢ nghe feramed cemphatf: barte] thas aveidspetentihil oosensss Beweert the

joined fcted FomRts BE Ehuit PBe o Sbite B Esttly HB5ags prter repeated

cycles 66 A§BRuRNing @S WréRah, fIf SHvuldbioie Mashe niferial GopUdédgeeve 34
di ameter ODs of sleeve 34. Concomtantly, this also

need ncrtéas @pm@lmlh fe.srcgi b)o\fomgmg nnte ﬁgm ppgmfofsn@@wea‘whw groove 44
1 5% as 1a A rests and di s&lna wth
50 °“g6’3§ f58 “'rPé CF%%‘B et Tonglydy 81‘ RpERRETRAL e8!
sleeve ﬁ’i&lfeﬁhl 8lprévide @kﬁi@dn@%eﬁeeﬁh& Edrﬁ‘i?%m dieAs. AdebRlimy, some
mechani cal properties of the ti tan| um essentially

POYUOHF pfnhpéarrﬁl Hhawhere the bandiisneh nerfgetrigiacoen@bl  di spl acement

f sl
00051 =1 5 oS e, A BN 3Rl ATEN Bl M g
compo:ﬁieﬂﬁﬁ‘el ving s b&@ricbetwéenvthe lw@éorﬂﬁﬁfeﬁﬁltﬁdteﬂsdpbﬁbr i strength and
uction_ in wall thickness Ts of sleeve 34 may

durabllt% mzmvwrﬁma_l/ms@eé? olkpnding differenihagich @O%P%Eéﬁﬁé%eélﬂfé @b
describ®d HoveNCRSe EhveRfofHP Method¥ ﬂfml)@tructurally 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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[00048] During the forging operation, in addition to
t he foregoi ng di nensi onal changes that occur, outer
WGah@sws8t al so concomitantly undergoes a PCT/US2007/004688
transformation in configuration or shape. After
fiar f
cannot bRl ibucd S 1Bbschid e afmlly F B ¥fbral o SAIBTAOEEY
dlschangmghs fiegadmr e\meelsiacglyg rthma(nn;pos/fte blxrelrof tisugrsseaninvedhtion will not
re erieg mage 5 r|d es 46 apd grooves 44 of inner
looseng: over opte. ta alfition e, FeTomer (PEEIBE PERCF SrAdERNIBROBLY

producéé ﬁl@“ﬁrgncg‘h ?MH%IQ ro%laﬁﬂoﬂ"ﬁélﬁg )&gﬁr%eﬁrehrtn? zlzt?c{'fg eh@bmteﬂt Whidhy

es roove i nner
alreadype usaEifen twloyklbgmnﬂ pﬂmduehg ether firedrrh o pdEpes, bvaoh. as all-steel barrels.

Accord gl o b LR LA STEUE IR Poraiothe 1 nal
100052} 200N 4t S GRTRIL A A SLa,BRGPU NG LSLPERS

f the presen vant ageous Ives
composterm)ﬁtgbz&redi foreedraecdrding té pnnmp]es sf ﬁlegampnmgvennon in contrast to an
rmation, In,addition, in ontr?st to barrel

an
all steeH; 9 thevsamg dimensiqrs 1sndhe eange phabauy PeRPUBgheg praluminum

Jg{ 4)f5 eNktahill has superior strength.
outer SF 0049 Eﬁas s?g%e t?r%e%f&@ér%gﬁeeeve assenbly 32, 34

[00053] s f orIgsMuldrba‘ ndterbthdBtherggpemmateriald gndoeal htninkeesses used for the
36 of t 2 f thrjifli i

tube and NG PGP Huha S 52 PP 1 S TERA Alsdhrough the Hammes

forge afll RPVPBE ih¥ Shahdrdl 'dfaﬂehﬂ&em gx%‘ﬂ‘ﬁgtdf of@ 8 rr@suﬁﬁlgtk‘ireﬁ%%to'fﬂ& bond

or cold formng ['1ng rotating buttonm w
betweendhestatie hudhslseven Maﬂommmrlbmgvmlouismg hamlnydfoagd mechizenin

t hrough 1 he barr,el bo After ter .slee
produckaeqnHHisaE 76 HisHretee] BT3¢ 15 48] YA e AR A op g killedin
the artﬁia tﬁﬁlk@ﬂme%ﬁﬁél%éﬁ&%e% Bﬁ‘&’dd&ﬁh @é&'ﬂ'sﬁ&bﬂgbond bebtween the

Ining a cha fan the Barrel c etc. t hen
tube andoigevet Bovitlalsolisappieeiated th&ghﬂimllt}al Pie- fo%gecb@Draeq walled.

thickndgEhR G Ak 0006 DERIEAECESSTY FORGras SoeldP@%e SHubruP e of the
proper H%sﬁ%s A vaNtsed siPe %leﬁe‘? of R fR¥drabarkd iterlde@ to be

terials of the two conponents are virtually fused
produceahget her into a single bi-nmetal conponent such that

000501 PR RSB SAE  AT 5 AR sl R o

short ba@&19 FSTRSthEORMIATr pBtdIRrERectlivity RVAIdHPNPRiLentedplated that more
| ooseness between the joi ned barrel conponents whi ch

than twoognaterias n@w\heéa@ndfrcbtpaﬁ erdn @rcﬁb@g reInposite parrals coragrthesarticles

unrelatscgp 6rte§xgnsg ﬁ E ?ﬁ:offo r't@fl%g%sg II#IH(,GIP{C% ?ﬁxr ?reseét 41398{3 89 For
exampROft nk§ b“eQiE@x'r@il@{o)/c&W én Bmcidliz@'ﬁrlg}h stfting leat& linhep bk iad
of inner tube helical groove 44 so long a

lighter-gveight sleeve ascalreadinflescribed hareinnbut mﬂ)gq %tmgrhﬁrd Quterapst gell on
top of timf Slggv o%)\é 8&% {n Lét?&l%ﬁgﬁch £ 8 ﬁ:ggéas‘iﬁl?%mEleH{eﬁy e @

ent arre

construbG6® l"rfily ngdlyde Saeet iper tibernad diin tsi&el da¢rirRist hgliyizh en hleninum
bond is not perfect is acceptable. [00051] The farging
or titangrp slege disRasred HigebaaTepnp AsERrdBgLy therg e NREICEMHS vafiations of

multxpl%trﬁa%}gal composite articles that are contemplated and may be produced according to
the principles of the present invention described herein.

[00055] 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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conposite barrel having a bond between the two
conponents that is superior in strength and durability
wa 20080ment i onal met hods of bondi ng di fferent PEr/Ds1007/004688
conmponents together as descri bed above. These
0 L . .
forvar KRN T AT R0t SHEASHRHENGBL T, g
construdtch &rthe advkise b thel exembrarp fireaph bageiponshicsioh dgekibed above. In
wi_ithout altering their structure or shape.  And in i
one pogsiftle embediment dhrarefare, surka FosEe stachye sy include a lower density
. S]- .
e SRR B BBt AT PRI ) o yove
made offewdel. lhhesd¢orppureaBinigy Beawoptipgred tiCRGR Wais@sSnidieube 32 and outer
erial s together whichcannot be unscrewed or

mat erl, ) L o "
sleeve B dessriber abovefait mersly seversing the lighiepand heswier madesiads in position
. ing i ol
or o P80 BEBPLURAND TS RAT ACEER A0 hfen o
bonded togeather vambammiet foegiay i a tianmer similaddithiat describbdalivaeifer tube-
rocess advant ageously produces the hond in a

forgin
sleeve gﬁswgbly%@g &f-aPhreansirpgions may ibis gdyantagspsly geadgp phe aviation and
4 r g .
erosp B3 YRERT Wl SR ScHRE L cORE 0 i bene .
[00056bar r elAlthofgl dredianmher, forpirgriprotdse is desaftedihescimmall preferred, it will
efficiencies may be realize Q0052] As an e

. . ampl e, a
be appregigledAhatipdieg fereingderdiniiss @ﬁ%@ﬁ P cufPBigkd apgmay be used
i i | 364 rfeB%erein.
to ereaSURRRBCodricls Ao priAbARE SR rEeRtink ikl (Rt herein
[00057par r elWhile thadorsgoeg desveiptiomarsd drawings réygreseanthe poffeméxbut
7-8 pounds using an al.unm num out er s|eeve and 4.5
embodiaRiEEr 6 Pregert Tvepe- dh LR e g g itons
i 84 WRRiP WithBhtebattifig #ath ¥Rshirit and
momﬁ?ﬁ@%i%&ﬁ%&%ﬁéﬁ‘?% b% ﬁed% ﬁ%eland sl egee,1 %oget helrsblrl n
scope ofithdprebemt inverticl asadefined fethb hycodthan@idg fokainds.r bt partidulanote

... .the hamer forge and RPM of. the ndrel . determ nes t.he
siled i HIGH AP EP i TAELSE VRO B AR opth e Gy ications of
stmctu&?ﬁ%n{ehﬁ AR HIGsisdsCRY R riaBasfIt R oRURE hiée@NE TheVPrhdtice of

using armer for ge machines in producing conventional
the invemteonpivhioh as¢ paticiarly edapted tb specitmehéedpandpperating requirements,
) abilities of one skill in the arf to.optimze th
withou ratfiiena B AP SRACTRES 9iahe st ragtion- oY Bepsrefis e Bore
embod PRIMESR thedErotdBDeR0Asi8dr8@ MEall febpadts' ds iRdishatiB@and not restrictive,
appreciated that the initial pre-forged OD and wal

the scopt bt theeseasonbeinp definddebyathel appendedclamese grdingt limited to the

P produce .a fi nal) (i).or ted conposite barrel of the proper

oregoige esrIiPYAL OfFPPOYIMENShased on the caliber of the
firearmbarrel intended to be produced. [00054] The
foregoing forging process nay be used to fabricate
conposite long or short barrels for either rifles or
pistols, respectively. In addition, it is contenpl ated
that nore than two materials may be bonded together to
produce conposite barrels, or other articles unrel ated
to firearms, using the forging process and principles
of the present invention. For
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exanple, it may be desirable to construct an article
having a strong, hard inner tube and |ighter-weight
W@ b@sweidas al ready described herein, but w th BCHUSZINT004688

hard outernost shell on top of the sleeve for better

I mpact resistance. In one such possible enbodi nment,

this construction may include a steel inner tube and

thin steel outernost shell, with an al um num or
titanium sl eeve di sposed therebetween. Accordingly,

WHAELR CEAIMERS ous variations of nultiple material

conposite articles that are contenpl ated and may be
produced cordi ng to the pringciples of the.present
"nvEnt i oft 1S %BE%W'&@_W@NP.OS'[#%G% bagel v BRTIRNG o
anofNgherdsthatvinga lBFgﬁtu'dﬂl‘éﬁ%?Lgkt‘éﬁ‘diné B&reaRd £ GiRdt ABnsyOCESS

may used to create conposite parts for numerous °
appan aetristeese baving aseeond density kssy than thia dirst density of the inner

desirabl.e to have th tron and nore dense materia
tUbS’nvafeﬁeén gl?tsiqe&%wg?rg%go %8%‘82@’% tubul ar structurefor

vari ous reasons, such as inpact resistance to

extzri or fTie bfpdl beelainD fdsherdin thedsman Cube ihdludes an exterior surface

construction js the reverse of the ex lary firearm
A TeassSEAHS O P Hine Bioker 1 oM BT %B%ﬁ@%@"m- e

enbodi nent, therefore, such a conposite structure may

i nc ude ght ONRY oflEBFA | YulhtRbmbHERg FRRUEnEP tubRIhding vidpes helically

titanium or alloys thereof, and a higher density
extending arglrskat deagtoniet affan sxigrpr surfaessef thoimperfebts may be

configured the sane way as inner tube 32 and outer

sl egve 3 [ : : i

i ot or _ AnACRE P BHinT 3 Wifereit e ARECUM BBl LobEsses fo
recéinimgmdteting dapdcaifren as imevaurfathef the opengdedvs byffongheg.

conposite part may then be bonded together via hammer

f [ ' . Stmlar. t hat d |
for 51 ubedPe By ALcaim ! yvadtin u heRy iR Reby BBl L®

be advant ageously used in the aviation and aerospace

i ndgist r i a%e Bhvesl of stain® howheyeinh the qindrsivevgistmddelofih araterial selected

constructions, are beneficiaL. 00056 Alth%agh t he .
fromehergioup 6prfistige pf umauin, dlypiawpiatay thaywn,ang figgnium-alioy.

preferred, it will be appreciated that other forging

techni qu%fo@%&@ cORphiiRGFembaseompisalged and may be

used to create conposite barrels according to ‘

pr i arcinpérgubadefining areatrelhors anddnelpding aeexenysyripeerhaying

. 057} Wi | 3 [ At i
raiged SRR e el oG B AR El R AR AU R tre
ridggdyention, it will be understood that various

addi ti ons, nnaichations and ﬁ$gﬁtitufion TRy qe made

t hePbPHERIGoNE delintiRgaPISSIRGWRY BAT RANTERDF FecaiYad aL'HE of
pa&iPﬁy PeRAE Me Qe Holudthgtsm iARdr isiv@sbeihlvin GodpIiABMAY Y idaas

claims. I'n particular, one skilled in the art w||
engagpd wish at least keme pfithe gropues afdhe inagr thkee, theeteeys and tyhgponded
¢ nﬁpiﬁg%at% ns of structure, arrangenent, proportions,
REJWINS et rials, and conponents used in the practice
of the invention, which are particularly adapted to
spe8i fi c Meebardoficlope? avhengn thegonar duberis madewfi steslior steel-alloy.
departing fromthe principles of the present

! nvs.nt ! OD['he Qr?el%rfglsalenq t7! Xhedré:i%(ﬁlleogu%jr sleeve is made of a material selected
from the group consisting of aluminum, aluminum-alloy, titanium, and

titanium-alloy.
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enbodi nents are therefore to be considered in al

respects as illustrative and not restrictive, the
wa@e@pmsabl t he i nvention bei ng defined by the apEENSmd7/004688

clains, and not limted to the foregoing description

or enbodi nents. WHAT IS CLAIMED | S: 1. Afomwd

[ight- ht canposit fi ar rel

i nn tuﬁgowaet'w raarrf@??@f '"%Ft ff)reﬂséﬁgg SeRRrisE

a finlifher @3deliding @bl 8bren8 S¥ RNV AT WKt &io? ¢ ‘é‘ﬁ%@ having a

density less than the first density of the inner tube,
plusahirafirecessed ardageve is forged to the inner tube 2. The

barr el a pner es, an

ot ey Pnbe AMSCE Dl IR IR BT B DL G 5

partid@ly@hérain; fheemetehl@vmgtamrmﬁdrew@egurl ng forging. 3. The
barrel of claim1, further conprisi ngqjt he i nner tube

hav‘t’*t?@e'lalﬂtfg%@vﬁhﬁ achist gpnégtréﬁen Priprap diae and peecond par t
confluforP i KirBlng b4 A oftieubifon'dMREn: i ne dhoord®

configumatadni.t y of recesses for receiving nmaterial displaced
froman inner surface of the outer sI eeve by forgi ng
5. [The barrel 1, where tube
- of  Lobrer b L IT, imeldihE et b Othe AR i
subSeiitRilly shneethauifaceThde fakt ednfipiratio?l sel ected fromthe
group conS| st| ng of al um num al um num al | oy,

tit n n al | 7. A forged nposi te

fir serel et B Rperotiihg inses S bEeoLBs SReedega plurality of
rals&?ﬁ‘kﬁsailn tl@é’e@orﬁf’&')nﬁ@@xjaﬁ'&l BOleAN s6é 6f the Faistdlat 6 ﬁelhéYécBi@ed in the

rai sed helical ridges and helical grooves forned
recdseadaeens of thegems itubs te barvbihaininentbernd eserrsiagyetogeter.

outer sleeve defining a passageway and the inner tube

r ecll%' VedTl?et balrr%ﬁgttclzﬂﬁtr fd Q&Jh@éhttlﬂg Fe%t:&ed BJEQS (?’fltﬁ hfier tul()je are shaped

i ncludi ng i nner rfac conplinentary ri
as heh@ﬁgﬂﬁbvw éxlnerﬂinglaewtt ;ﬁﬁtmﬂytafongh&ermtlomﬁ/thstubé the inner

tube, the sleeve and tube bonded together via forging

8. The barrel of claim7, wherein the inner tu

. or _ChedmeDor ol ety ihgrebessS pR Sergiengpmergntially
around aMRRE©] ﬁbrﬁ&fv‘oﬂl#é Slterfdr@BiMicel of tHERfAfer@libed Materi al

sel ected fromthe group consisting of aluntnum

al um numal loy, titanium and titaniumal] oy

conbesi t Ehg bareheilaay e mhersimatdeasya pastion ﬁ@he F’Ffé"‘kfét‘tfé‘fe of the

mn&99$gé§hﬁﬂ: an inner tube defining a central bore and
I'ncluding an exterior surface having a plurality of

recessed areas;
16. The barrel of claim 10, wherein the inner tube is made of steel.

17. The barrel of claim 16, wherein the outer sleeve is made of a material selected

from the group consisting of aluminum, aluminum-alloy, titanium, and titanium-alloy.

18. A light-weight composite firearm barrel formed by forging, the barrel
comprising:
an inner tube defining a central bore and including an outer surface having a

plurality of recessed areas, the inner tube having a first density;
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an outer sleeve defining a passageway and the inner

tube received at |l east partially therein; the sleeve
whanwsgi4an | nner surface; wherein the sl eeve hBST/ES2007/004688

first configuration prior to forging and a second

configuration after forging, the first configuration

different tha FIEhe second configuration. 11, The

bar pputes sl ?ﬂVSB Inipg a pRsspasAY eRd thednnsy tubg recgived gt lepsie

t

P oD bt & Sk BPTRAY skl RGeS
innentube; surface of the sleeve has a plurality of raised

ar eg second .c i gur at.i on, st sone,.of
© he hareldhe SpR%Ha0a T Shauttirpu Brfofting Flccstad diusty
afté@ffofgfy, tHRRTRE diath@er 18rgBOMEh tHeBedoRBQlantere and out er
sl eeve together. 13. The barrel of claim 10, wherein
the recessed areas of the inner tube are shaped as
hel 1¢al dhebued ofglabmdfighestin thedsner wehetis madgotsteshg a
| ength of the tube. 14. The barrel of claiml10,
whes@i n e pheaRESRMn 28 %?eramrﬁe%t&'sreewfs ?Ha@@%f&‘lnla% ial selected
around at |east a portion of the exterior surface of
fromtthe gronp consigtiog of Slumiivm, iumistmedloy,| thanivrh Candwhariensallay.
| east a portion of the exterior surface of the inner
tubg,is knur . . The DGR wherein
t heg} nnelrxl%{ gglf’gﬂoﬁhaglégocfog@? geI ﬁre%n?‘ éaﬁ?m%g?rlswg of
cl aprowviking anigieitibetHagingutfizst dehdgye i s made of a

materi al selected fromthe g :gﬁf con3|s %

al uPRONIAE 3 QAT SIsRYahavag a serend fensity swcf an e Fst density;
tit t pregsite firearm
bar?§+ E%?k]@%nukéatﬁahégnﬁl%ﬁhgp%éﬁ conprising: an

i nnampactingfodablyran m»gteaswr&ne phthelsteeee iaradadinkty ehardydisgetion;

outer surface havi ural it ecessed

CheSiniitipe & anron ob M gtieP e Bt alerl feTaR S PRERBLDE
sle€hRfit Bbritad 2o e HHREANMRYo fRdl al ddmposiefireditbBarfegCei ved at

| east partially therein; the sleeve having a second

density |l ess than the f| rst density of the |nr%er t ube;

whedei n tThe methodioé claum 24, wheralp the barret ls forpied by Torging.

forging and a second dianeter after forging, the first

di apet er Thah@elodiofaRi e, WIREAR thela@Ek Brmed sing A% ammer forge.
barrel of claim18, wherein the inner tube is made of

steel. 20. The barrel of claim 18, wherein the outer
sl edhe i Thermethodiof glara 2 brfurher semptising therier fybe hgyigg gn outer

sur?al%t@ zdr?ﬂjdrln X ﬁgglaﬂ O BT d kAT AH WidtciPe displalitl W8 ifdishes

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

25. The method of claim 24, wherein the recessed areas are shaped as helical
grooves.
26. The method of claim 21, further comprising the outer sleeve having a first

configuration prior to the impacting step and a second configuration after the impacting step,

the second configuration different than the first configuration.
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21. A nethod of formng a conposite firearmbarre

conprising: providing an inner tube having a first
walewsios4ap1 provi di ng an outer sl eeve having a SBPCDO82007/004688

density less than the first density; inserting the

i nner tube at |least partially into the outer tube;

|npact|n%hfor0|bly an outer surface of the sleeve in

radi/al | yTheRpsreliolslpigedq. sherel) thp second gonfigyeation @ﬁth@fouwhéleeve
t »
) ol AR A e G | B e FBved i
recdspgdemeanol theripter ti#®, The met hod of cI aim 21, wherein
the barrel is forned by forging. 23. The nethod of

cl 2 barrel S d usrn ha r
Forge. ~SHRREPLE B L AHERIn F obF TR inpdk & aTprER getected

frorh lfig grﬁrli}ﬁfon%isbﬁg dstaarmrﬁ@umnalomﬁmrm-swﬁ defiuni)ahd dtaAfindalloy.
pIurallty of recessed areas, and mhereln the

B el BB R i s "

recessed areas. 25. The nethod of claim 24, mhereln
t hegsor eceASRAhI STESARL a SHAPSGte FiveahfIbafall codipPigMEs -
The net hod of claim 2 further conprising the outer
s| quoudingqituRp-deeve p@pmbbnﬂrlgdmaw oviepyleaye andan inger tube
t f. A
dlsdo';fé’agéétléaggp ?{wﬁ@ tﬂ%}gmatshé ggg[}q}:agn lhrger‘#a é l())lgtgr Ha&{sé{rr]] foner

tubéhwmgdi&xierrosturfanefl gur at| on 27. The barrel of claim
erein . the secon rati on of the outer

sI éé' ng radjalfydhe quigrsw ac& ‘i?r’?red on an outer

SUurdnifed 19 a@ lRgst Qﬁbﬁfon o %@teﬁh%urﬁﬁ@of @e ﬁin%neﬁllbé ﬂ1to the
recessed areas of the inner tube. . The barrel of

inner|saifacef theshesve tnbanddhaosieaye tathe dwesr tusberrade of a
naterial sel ect ed fronrthe group consi sting of

LW num al grl% pr%.g}o% gﬁbagbtiﬁﬂh#%pgﬂgi% _rlhe €X; Wﬁerror surface of the

titani umall rre
inndrhebel incleding lalphlralﬁy oficbeesséd ﬂtaebvherﬁm thd\infret duefdceodf the sleeve is

e i est SR o1 U st n e A IR E Pout er

sl eeve and an inner tube disposed at |east partially

theyzei n, the The aRWRDJINVEGIaNE 31 ilRdrein Mk r@&dsdd a3ebis arChaped as helical
the i nner tube having an exterior surface; striking

gropvedi al |y the outer surface of the sleeve; enbeddi ng at
| east a portion of the exterior surface of the inner

tubg into they %%d%f%faﬂﬁgo afhdrlif o ﬁ%@g@ggﬁgpﬁgéégﬁned with

sl eéve to the inner tube The met _
a fofging machiconpri si ng the exterior surface of the
34. The method of claim 30, wherein the tube is made of a material having a
first density and the sleeve is made of a material having a second density less than the first

density.

35. The method of claim 30, 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.
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i nner tube including a plurality of recessed areas,
wherein the inner surface of the sleeve is enbedded in
w@rooBearbl sone of the recessed areas during theCT/US2007/004688
enbeddi ng step. 32. The nmethod of claim 31, wherein
the recessed areas are shaped as helical grooves. 33.
The met hod of claim 30, wherein the enbedding step is
per¥r medhemethod of elai 3 fwiler coraprisiag r%@gmwb@slwe assembly
ein the tube is nade of a materi al
pr'ﬁégmr?smﬂ?%m t density and the sleeve is nmade of a
mat eri al having a second density |l ess than the first
den¥i.t y. TBSmethhd ofidninn 30, ofherdimthmsBikingntten iocludessériking the outer
%ube % pade 9% ﬁteelrand the outer sleeve is made of
surlace gt (B pISFVeRI PARPEY om t he group consi sting of
al um num alum numalloy, titanium and
t i tiﬁﬂi untTh¢ method 6f clﬂhﬁm‘[ﬁ‘ﬁﬂgwd ciﬁlﬁpﬂdlﬂg the 30ter Slugviethaving a first
nprising rotating the tube-sleeve asse rioQr. to
co lseragw PO the Srikingsicp giea sasebeen gurétl?ﬂ #%@P © Siidp@ SiRp, the
the outer surface
Sec%'ibe (ﬁl‘g %g%gﬁ%ﬁeﬁ hgﬁﬂtaé%ﬁrgtr&m%&hﬁl%é nmet hod of claim
30, further conprising the outer sleeve having a first
coni9. gur Zh¢ mathod pbelainp38, vehesain theiontsr sleevs hap drisedaeqap regeived in

oot P A AR NEsF BRI FE: Con i Gurat i on

39. The method of claim 38, wherein the outer sleeve
has40.ai s&He mkethad of elaih S dvlierein teenmedleavedas adirsttdrneter prior to

i nner tube in the second confjguration. 40. The net hod
the STKGTES9R . SRR GT TGP 81165 S1haile secpy dipmeter malle

thafl iR b&diarkRétbOr tO the striking step and a second
di aneter after to the striking step, the second

dianmeter smaller than the first dianeter. 4 1.
met4lbod offhe mathed 36¢laighd0.erheraimtesytes slegyechasa fﬁ%{ée%‘h prior to the

strl}{qélﬁ éteﬁ aE{i1 ?tégcoﬁg I'e?’ﬁté’t i ef 1Ghe EtH( g&pt (&\@ BecdRd leg gﬁl%gitéﬂon ger than

riking secon
thelf@stngnhgttonger than the first | engt h. 42. The nethod of
claim30 wherein the barrel is arifle barrel. 43. A

or ot di g FElsH O Palt B0extieks Py e n g Ca bt e

sl eeve and an inner tube disposed at |east partially

t heg®i n, Athethsd eefoeming\a dogpbsiteeirticlacorprisirig: sur f aces,

t heprloglrgher{g a tube-sleeve assembly including an outer sleeve and an inner tube
disposed at least partially therein, the sleeve having inner and outer surfaces, the inner
tube having an exterior surface; and

forging the tube-sleeve assembly to bond the outer sleeve to the inner tube.

44, The method of claim 43, wherein the forging step includes hammering the outer

surface of the sleeve in a generally radially inward direction.

45, The method of claim 43, wherein the exterior surface of the tube includes
recessed areas and the forging step includes embedding the sleeve into at least a portion of the

recessed areas.
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tube having an exterior surface; and forging the
t ube- sl eeve assenbly to bond the outer sleeve to the
WO powsfos446be. 44. The method of claim 43, wher ePOT/UR®07/004688
forging step includes hanmering the outer surface of
the sleeve in a generally radially i nward direction.

45. The t ho f claim43, wh n the exterior
surface dhe meihod ohlaim b piseein thedubeds made abmatabhaving a first

der{sﬁj; Qr'ld"ﬁﬂe SleBR i RfzhY g?ﬁeﬁ?@a@ﬂ? I Qcbftaenbi \!H% ﬂrE'ttdEnﬂh' being

east a portion of the recessed areas. The net
diffefentthan the48c¢ondidensiiyn t he tube i s nade of met al havi ng
a first density and the sleeve is made of netal having

a sgcond r St [ i diffe

tha%f i heng %lhgx 8f El Eﬁ%% re1r$ﬂ1§ skl nﬁ?&l@sgtfy 1§ [ess t'hgrh&\e first
denigftgrei n the second denS| ty is less than the first

densi ty 48. The net hod of cl ai m43, wherei n the t ube

of et Ahe Sl oLisi §im it o dpbeds ezl Aee of Sedlaloy and th

sleéueqmngél%f Aheat é%lé@tealf}oﬂYthethJ@%HMtlr%m alummum aluminum-alloy,
titaniumall oy. . The nmethod of claim43, further

nmomnpan@hmgmnhdkwtep of rotating the tube-sleeve
assenbly during the forging step. 50. The nethod of

! g 43I ARARBH e bl 85 RAR: LEmBHlhE r sle oPrdthelfgRhdTube-siceve

assembly during the forging step.

50. The method of claim 43, wherein the composite article is a firearm barrel.
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