WD 2010/ 082973PCT/ US2009/ 065416 RECI PROCALLY- CYCLED, EXTERNALLY- ACTUATED
VEAPON STATEMENT OF GOVERNMENT | NTEREST [ 0001] The i nventions descri bed
her ei n mayokeiomsmrBact ured, used and |icensed by or for pCmaskboSoesdasyer nmrent
for U S Governnent purposes. BACKGROUND OF THE INVENTICN [0002]The

invention rel ate neral t o _weapons_and icul ar,
reciprd%%@ﬂ?“yiéngycg’ l%é??@ﬂg$$hégé@EQE] ﬁgBé ReC|procaIIy cycl ed
weapons may be classified as sel f-powered or externally power ed.

Sel f - power ed weapons, such as those that rely on recoil or gas for

operatHﬁh&TEM&%UB@FKHQVERQHAEN§§NUEQI§§Ees devel oped during cartridge

firing irectly ar indir c .e th nech nls rformcertain
hot 1 ond08atlese  actheheenhay: feriuiies e et Rl Bed ng
cartri dgethehaghesidimeRabt Ul dvBombaplh bﬁﬁe f'r'ng1 bol t unl ocki ng,

cartridge case extraction, cartridge case ejection, and cartridge indexing.

[0004] The reliability of self power ed weapons may depend on successf ul
igniti ggﬁ?% Hggf ate the high pressure gases needed to
cycle ﬁ%@ekéipo .fﬁég agiﬁEﬂggsge cycled directly (gas-operated), or
i ndi r eqde2]( r ecoiThedpRdn@ibR dlatés,an bhraPBNEpONOind, Repdriisgst, preppeddalle. A
msfire, where the priner is hit but does not ignite the main propellant
char ge,cyRigy» Peniy-peiusCHRRIMMEL i on that requires user intervention to
extract the unfired cartridge fromthe chanber of the weapon. Wth
external | y- powered weapons, however, a msfire nmay not stop the continued
oper at i[000Xf t he Reefpocullgngcledyvdapbns msybd clasyifaadyasdoiupotvicrad wfextchevllyweapon.
[ 0005] Sel f - powf red me%Pons may be re portable (i.,e. lightweight) or
mobi | e RomgEed. Self-powered weapons, such as those that rely on recoil or gas for operation, may

use the high pressure gases developed during cartridge firing to directly or indirectly cycle

the mechanisms that perform certain actions. These actions may include cartridge stripping,

cartridge feeding, cartridge chambering, bolt locking, cartridge firing, bolt unlocking,

cartridge case extraction, cartridge case ejection, and cartridge indexing.

[0004] The reliability of self-powered weapons may depend on successful ignition of
the cartridge to generate the high pressure gases needed to cycle the weapon. The weapon
may be cycled directly (gas-operated), or indirectly (recoil-operated) via the momentum of
the fired projectile. A misfire, where the primer is hit but does not ignite the main propellant
charge, may result in a malfunction that requires user intervention to extract the unfired
cartridge from the chamber of the weapon. With externally-powered weapons, however, a
misfire may not stop the continued operation of the weapon and may not result in any down

time of the weapon.

[0005] Self-powered weapons may be more portable (i.e. lightweight) or mobile than
externally-powered weapons because externally-powered weapons may have operating

mechanisms driven by actuators that do not rely on the firing forces of the weapon.

[0006] Conventional remote weapon systems (RWS), including remotely-controlled
weapon turrets, may utilize conventional self-powered weapons that were designed and
developed for manned operation. For example, the U.S. military Common Remotely

Operated Weapon System (CROWS) may use conventional man-operated, self-powered
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external | y- power ed weapons because external |l y- powered weapons may have
operating nmechanisns driven by actuators that do not rely on the firing
f orces ofwoheiwves2ggen. [ 0006] Conventi onal renpte weapon PYTIUSEIORAE) ,
i ncluding renotely-controll ed weapon turrets, may utilize conventional

sel f - power ed weapons, t hat were desi gned and devel oped far ed operation.
For exéﬂ?ﬂhé“e %“ﬁ‘év Whigh argrempyaRly §o Hurseemue|syst@$e$a%veeaﬂw§ﬁ i pgxyslt%

( CROAB),, SR g%ﬂ@(l)un@@r1'n29Hﬁl@ﬁ&%C{hatSrgépflreQﬁl‘?@dhqgter\)éﬁlon to correct.

2010/ 082 3PCT/ 2009/ 065416 machi ne guns, which are renovably nounted in
t he gurVbystleminglbaveiunctival andair frelpadieg e capep dreshumean ey bockinvadd tp

encount er functiops that require human intervention to correct. \Wen
cleari n‘%ng?{ r%lelf‘m?fon and/ or rel oadi ng a weapon, the human may be
exposed to danger fromeneny fire. [0007] Conventional self-powered weapons

may require an initial, manual chargi ng procedure, manual |oadi ng of the
ammuni t108%71bel t , Gowrentignabgelf- mmfrrédmwe@pqnéwyrréqulm@nﬁ@bam@@ab@ha@@@ndence

on sucsaslifle Hhl% Rl A5 ERREThARE b TIHNRL 0B HORLL pAapY of ten

need tdj manhua e vvéa on can I‘ESU

Addi t i arahlsy of amﬁeeﬂa&a@nadco@aa@mngwhé ea;rtﬁdge renmieitias tmaamwi:bn@fmatyhe
safe/armswitch and the trigger when used in conventional appl | catl ons.

The r erf3ic8 nged (9 BANRHY leeé iBeEPre HiFpY AR ORERHEATBAEIEHAD. hﬁgﬁltlﬁa
f |
act uat qf §. by &'}vl% n@@@% @ﬁ@f@fgk%;b achba%oH%?ﬁne sggf/ s%?cfﬁ B t‘?ggk@lb e

functioning an armswtc e trigger I npose an
i m"rensewltnmndednmnRM&oaheBRWﬁaz{@haatd)nEhé"hs ysh@esctiteyn paybgore cdhplox t hese

weapons d usi | oose, qui ck-rel e se ins, which may affect the
weapon' rgg%é?lﬁl&‘? %&E@E@Hé{’ﬁéﬁ‘&@%&@ 1@864*(““&% io4cy hsaaecﬂf% Bé%g?on.
[ 0008] %ﬁ%hd&%&uﬁ@@d@?aﬂ%ﬂ%‘%f end S%Eé/ﬁﬂl WedhOhel tfl@ﬁ‘%gg@tr ﬁaﬁﬁf&p&s@ lhf- pover ed,
but, on the other t he weapons that are not sel f-powered nay not

pr ovi demnias¢ byvdemen RiVES dpﬂigrpesr aidghe systemathyy bewdueguilsedheseurtanens mRNG
desi gn USIWQ onv t| onal Eovver d vveaa&n tﬁa}f\( not ,be tm’redl ately
conpat i B8 WA de’fe W% Sot& Y RAEPPY DG M8 Gni ficantly
di fferQ{hbraumgﬂl@esdcﬁ\égh@cu\ﬂ&@rhnﬁld[ drsiofdddi tional ly, RW5 designs using either
sel f-powered or externally-powered weapons may not be capable of bei ng

rapidly reloaded either renotely or robotically. For exanple,

convent I W cture,
or a ggéégﬁne ml(ﬁ‘rﬁ&f r@g’%‘ |u§%8)?18m?§\g 4 %gygln?grleél%}agégﬁ% %el 'lttl ’her of
t hese ameothicoRald, &ﬁ@ﬁ@@@ﬂfﬁﬁa‘[&k& WSselfRwesel mﬁy ol fropletirownndriioin types
of a given caliber, or is capable of the unmanned rel oadi n]%ﬁ)gnd mal f uncti on

cl ear i MOPEHER thadn$sobe feghised: EurtheanBIES designs usigsasventiond Spimawarady oper at ed
RS miy\x/xjﬁagoﬁseﬂ% K& ithra el ¢ ﬁ&?gﬁfbalgglﬁor 1os ﬁx&f&g%e% o%gnﬁﬂlrﬁtﬁ(ﬁf @hor may

renove t weapon to prevent "t ring o e weapon by
t he engmyducthmndfidacty diffemou inpileateucle whien fiaetti Adichtlonad)lyt R&/$eattsegmsalking

a8, SIRRS RN, e LIS 3B I BAL Lo f comipn ona
conventiRaddd N6 fé%ta%r Rﬁ)oﬁbﬁﬁyabbleeﬁaﬁ{plm%Bn{;é?ll@i@ﬁM(RW@Qhé}f:@e'a‘ﬂns
ammunition “can” mounted to the RWS structure, or a magazine which feeds ammunition to
the weapon via a chute. Neither of these conventional approaches allows the use of multiple
ammunition types of a given caliber, or is capable of the unmanned reloading and

malfunction clearing required for robotic, remote applications.

[0009] Manually operated RWS may be required to have a quick-dismount feature so

an operator may remove the weapon to prevent theft and/or commandeering of the weapon by
the enemy. The quick-dismount feature, in addition to the external ammunition stowage, may
render the weapon and ammunition of conventional RWS vulnerable to theft, when used on a

robotic platform. Thus, conventional RWS may not be suitable for most robotic applications
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WD 2010/ 082973PCT/ US2009/ 065416 because operation of the conventional RW5
may require an on-the-spot human operator. These robotic applications may

i ncl ude twe 2mmstw3pl acement of gun turrets at, for examplras2ooaciaiecks, or
on robotic devices that are renotely controll ed by a human operator.

[ 0010] Roboti c devi ce be .co y used .in police and mlitar
appl i caFYHS 0P§9§?Iéﬂ’§sthf’ Bgn‘f?ﬁt}ﬂ‘ﬂ% #ﬁn}?’é(aFF?h‘Ereo%l% be-spRhBman QP@W‘{res have

been depmeloppdtic @ﬁpl@hﬁ&ﬁ%ﬁ%@n@ﬁ% the &B%&%l%eﬁﬂ&f é&lrtuﬁ‘% i, 'f&gexah{ garms on
robotic devices are designed to utilize conventional self-powered meapons

| n par troadbleaks, arlve rebetpodeyvicss dhat ais ramowhvemtiodedby 8 dminanbperator.c shot gun or
an M4 assault rifle, is renovably nounted in the system The conventi onal
systemal l ows a user to wirelessly control actuating nechanisns that
performobig typi qadbolt HeeitesUHSy bé BrRMbAGRIsAE i RRe afdBiNitas dpplieampnsg t he
weapon safety switch and pulling the trigger. [0011] Such conventi onal

syst ensSYBSMSHPURPIHENS fitcempyan wigh rmp idevigeshave deemievloped shydisayssed

o awbackSye, M SRS s SAR) i P P RIVELE (9GULeRe g FRUGo WL Learm from
t he nmoun em and U |rearn1a ai ns e-controller of the

robot i cCodeMit@ﬁala,etflpa,ﬁwfdfd wEHoxs. fIﬁ)p@msulaAItB@wemhf S@ﬁ‘ﬁ@ﬁ@dﬂ%ﬁ@ﬁlﬂ&eﬁlﬁnd to
periodical |y experience nalfunctions, such as msfires. These malfunctions

requir é‘uFﬂWéW shtean g a1 Y asvenltwffe. by semo vebly mowsted ip the ysteahiihgl |y f at al
si tuat 'c%'ﬂv Honalls ?Eteﬁlod‘l\é%ta' Bk vﬁYe’iésﬁ{?O C}fopa%?ualﬁ'ﬁ”g%?&h&ﬁémgﬁl\é{ ﬁ 2 &horihat

simul ate the acttons taken y a user orrect nctions el t her
case, tthetyporabditrechusdrliabifhdctagtiofis, kind aserelparinglhe veapa@ssadete stvitch hied dependence
on succe sfuL cartridge ignition for mechanical operation. In addition, the
placené%ﬁh%% amgienti onal infantry weapon in the mounting system nay
require a soldier to place his weapon in the nmounting systemof the robotic
devi ce, thereby |eaving the soldier personally unarnmed during operation of
the rol6611d devi ceich [coOvkR}iTia systeme foraaomnging ifingwarns ov rdbopio\deviees menpaves i n

robotic devi imt the abilitie t he.arned robotic
Gyat emegueh ST RIS b ey 1 SRS R s SRR Suaro U B Siret PR dRe. hount ed
in the Hewit®eSystdhddnd filiz8 thiSficariyg G0 BRecohfo IdrafF ehAidbAGE dévadcand/or

sem -aut omat ¢ assault or sniper %Ie on the robot, or a fully-automatic,

suppr edsiewdy forees. ddsoh bHEPgierco Weﬂp@srt@fbb‘lo peEadinally cxneacragraalfrmgtions,
ef f ect ' s\ I%Lsoﬁus'f Eés ﬁ"ﬂés%%’eﬁﬂmcg&% retﬁwe’ hlﬁ’l?@?]ﬁﬂ% ac?fon tagc?rn ngryfﬂagggnefdse gd rate

opti ons conventlonal I Veness reatly reduced

i f t he doitenitinlly railgitagash. ihoﬂied:oﬁhﬁmgﬁaltiwtbmgnwﬁ&eﬁﬁéﬁhaﬁlcsll deviats tat  SUMVARY
OF THE INVENTICN [0013]1t is an object of the invention taq prOV|de a
reci pr oeERRiE-thg agtius taé‘ﬁfl S RAPFRLO Cﬁaﬁ@r%ﬁméfawn In giteer £aste tec@™BRt oper at i on

of the 4 ﬁ%f?ln? Jf%&dp%n'd%cr@%% REL t0ARE BGenBEndelG sLBKETHT QiridBe RERYIde a

r eci proca
for rnechamcal operatlon. In addition, the placement of a conventional infantry weapon in

the mounting system may require a soldier to place his weapon in the mounting system of the
robotic device, thereby leaving the soldier personally unarmed during operation of the robotic

device.

[0012] The use of conventional self-powered weapons in robotic devices may limit
the operational capabilities of the armed robotic system due to the intended roles of the
individual weapons that are mounted in the devices. That is, a user may choose to place an
accurate, semi-automatic assault or sniper rifle on the robot, or a fully-automatic, suppressive
fire machine gun on the robot. Each of the guns may be effective for its intended role. But,
because of the limited firing rate options of conventional weapons, their effectiveness may be

greatly reduced if the firing rate need should change during the combat situation.



external | y- powered weapon that overcones one or nore of the problens of
conventional externally-powered weapons. [0015] One aspect of the invention
is a reciwoaonldsyyiaycl ed, externally-powered weapon thatrcragimobude a
rotative driver connected to one end of a crank, a connecting rod connected

at a first t r f the crank, a weapon operating group
subasséﬁ%ﬂ@iggXHgﬁ%gﬁgﬁ@v%ﬁi nd end of the connecting rod, and a

recei vgpgi3fjhe Weqpf%rhn%ﬁf‘erc%f RE ngfeﬁ’d@n M@%ﬁ@ﬁ% ﬁ@Ml;b@ycfEdSE’ﬂéﬁﬁll n the
receiver. [0016] The weapon may i nclude a transla£|ng rack and a stationary

rack, gmoveacdowedpon, and amesthbdgf epmatgendiihe wieapont he transl ati ng rack and the
stationary rack. The pinion nay be operably connected to the second end of
the connecting rod. The translating rack nay be operably connected to the

weapon [gpefjat i Ng 197sQBthS HEEIS& e &invdliRn3é @idv%adﬁécﬂbﬁ%ﬂl%ycl% fixed to the
receiver. [0017] The speed of the rotative driver be infinitely

adj ust aptendbtnveicd weapos b @vaisamas s IsIC deaiprotriseisé aprventprii at i ng

group s | ude a firing pin subassenbly and an energy
generat3?§%ﬁ$'(ﬁ%ﬂ&?%>4§%pln subassenbly. A m ni mum anount of energy

generated by the energy generator nmay be |ndependent of the translation
speed of the operating grqup subassenbly, [0018] Anot her aspect of the

i nvent il8R13ls a nEdMRSPERAE th@apvqnﬁ@paﬁ%reﬁ%pé%aawﬁgcladf@é@rﬁ% bfc@ﬂwc%ym ed,
ext er ng| Ly PAWEHRY iN8ARO ot RE dW%@xpcgﬂogﬁé(d REodehl BF ¢RIk Ya CH %bft M3ung a

rotative driver connected to one en a crank that 1s opera oupled to
an opercahnsugedutadpstsmdas seothéryendfof theecravika poveapdinep amtﬂgogiom[awhamhmj}e

generatln ener y for firi t he weapo erein a anmount of ener
gener at°88 CG‘rdtP Qf\gtgep‘i%mi:@mﬁﬁaiﬁ\éﬂ&éﬁ‘ielw et‘?’%arPQPQPPTGHn% g8 of an

operatkﬂgmg&ﬁygqﬁap@§§§&ggdHp%e}an%papon [0019] The invention will be
better understood,” and further objects, features, and WO

2010/082973PCT/U82009/065416 advant ages t her eof will become nore appar ent
fromt | | ow description.o ref erred enbadi nent ken.in
conj u ngﬁp L(ﬁ With ew%?8816 r]@ﬁlwze %{}g},&? rack and amgaalonary rac ang a pinion

in meshing engagement with the translating rack and the stationary rack. The pinion may be

operably connected to the second end of the connecting rod. The translating rack may be

operably connected to the weapon operating group subassembly. The stationary rack may be

fixed to the receiver.

[0017] The speed of the rotative driver may be infinitely adjustable between zero
speed and a maximum speed. The weapon operating group subassembly may include a firing
pin subassembly and an energy generator for the firing pin subassembly. A minimum amount
of energy generated by the energy generator may be independent of the translation speed of

the operating group subassembly.

[0018] Another aspect of the invention is a method that may include providing a
reciprocally-cycled, externally-powered weapon. The weapon may be reciprocally cycled
using a rotative driver connected to one end of a crank that is operably coupled to an
operating group subassembly of the weapon. The method may include generating energy for
firing the weapon wherein an amount of energy generated for firing the weapon is

independent of a translation speed of an operating group subassembly of the weapon.

[0019] The invention will be better understood, and further objects, features, and
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0020] I n the draw ngs, which are not
necessarily to scale, like or corresponding parts are denoted by |ike or
correspomaipngivmsteBence nunerals. [0021]Fig 1 is a perspettise@nsdas vi ew of
one enbodinent of a reciprocally-cycled externally oper ated weapon.

[ 0022] F
si de vi

) , C,..and D are pers e ht. si , and | eft
ageéélbeéﬁqf-vv@atycora? more %ﬁ)@F%ﬁ rﬁal @Féﬂk%ﬁ%&%&c ﬁ%@ryofd f@eozs] Figs. 3A

and 3B Iﬁ‘éf%n@&'éﬁlbb&iﬁﬁéné' drcrPiichohifBtiont e IOABRLYiNEhMwih. @ DOLt

subassenbl vy,

3B.

[ 0025]
parti al

Fig.

and

Fig. 3Cis a sectional view along the |ine 3G 3C of Fig.

[0024]Fig. 4 is a perspective view of a firing pin subassenbly 14.

1.10020]

arc

g QP SGRT PO OF il DRANAIGSRT i St Pocition of the weapon of

In the drawings, which are not necessarily to scale, like or corresponding parts

denoted by like or corresponding reference numerals.

[0021]

Fig 1 is a perspective side view of one embodiment of a reciprocally-cycled,

externally-operated weapon.

[0022]

Figs. 2A, B, C, and D are perspective, front, right side, and left side views,

respectively, of an operating group subassembly.

[0023]

Figs. 3A and 3B are auxiliary side and front views, respectively, of a bolt

subassembly, and Fig. 3C is a sectional view along the line 3C-3C of Fig. 3B.

[0024]
[0025]

Fig. 4 is a perspective view of a firing pin subassembly 14.

Fig. 5A is a partial side view, partially cut-away, and Fig. 5B is a partial top

view, in section, showing a first position of the weapon of Fig. 1.

[0026]

Fig. 6A is a partial side view, partially cut-away, and Fig. 6B is a partial top

view, in section, showing a second position of the weapon of Fig. 1.

[0027]

Fig. 7A is a partial side view, partially cut-away, and Fig. 7B is a partial top

view, in section, showing a third position of the weapon of Fig. 1.

[0028]

Fig. 8A is a partial side view, partially cut-away, and Fig. 8B is a partial top

view, in section, showing a fourth position of the weapon of Fig. 1.

[0029]

Fig. 9A is a partial side view, partially cut-away, and Fig. 9B is a partial top

view, in section, showing a fifth position of the weapon of Fig. 1.

[0030]

Fig. 10A is a partial side view, partially cut-away, and Fig. 10B is a partial top

view, in section, showing a sixth position of the weapon of Fig. 1.

[0031]

Fig. 11A is a partial side view, partially cut-away, and Fig. 11B is a partial top

view, in section, showing a seventh position of the weapon of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032]

Fig 1 is a perspective side view of one embodiment of a reciprocally-cycled,

externally-operated weapon 1. Weapon 1 may be externally powered by a rotative driver,

such as a motor 3. A gear box 4 may be included, if needed, as a separate component or as an

integral part of motor 3. Motor 3 may be selected from many types of motors, including, for
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[0026]Fig. 6A is a partial side view, partially cut-away, and Fig. 6B is a
partial top view, in section, show ng a second position of the weapon of
Fig. 1. [wWO2@iokisep737A is a partial side view, partiallypPcuusasapesdand Fig.
7B is a partial top view, in section, showing a third position of the
weapon of Fjg.. 1. [0028]Fig. 8A s partial side view, partially cut-away,
and Fi gxampls SlegriGaR P BIUE-gB 1AL M P ISR AT SCTS bwlwamafrmﬁtfa'}? %nget i on of
the weapeRwef fdrintbtorl3 isl QB2 Greafoht 1. SERCRAN thivilapsh U8ncih&Wat MRMJE 3 Y
cut-away, and Fig. 9B is a partial top view, in section, showng a fifth
posi t i alwephottdepeeapin opfrafogof Wweafod(30T Fé gowdio Foii sxamppamidter 3 docdaoyi ew,

parti al cut-a apd Fig, 10B is. artial t lew, in section, show ng
DG xt epet o SR Bhermbdianoniest PRy pRod Bt Hiaond e part ai o de
view, partially cut-away, and Fig. 11Bis a partial top view, in section,

showi ng a seventh position of the weapon of Fi gb 1. DETAI LED DESCRI PTI ON CF
THE PRERFERRED EvBODiwENTSFig. 1, weapon 1 may include a barrel extension 18, a barrel 20, a

receiver 2, a right side cover 24, a left side cover 23 and a pair of tubes 19 mounted in
receiver 2. A track 21 may be provided to assist in feeding ammunition to weapon 1.
Weapon 1 may include several subassemblies. The subassemblies may include a drivetrain
subassembly, an operating group subassembly, and a barrel subassembly. The operating

group subassembly may include a bolt subassembly and a firing pin subassembly.

[0034] The drivetrain subassembly may provide the energy necessary to cycle the
operating group subassembly and complete other operations that may include cartridge
stripping, cartridge feeding, cartridge chambering, bolt locking, cartridge firing, bolt
unlocking, cartridge case extraction, cartridge case ejection, and, in some embodiments,
cartridge indexing . The drivetrain subassembly may be seen, for example, in Figs. SA and
5B. Fig. 5A is a partial side view, partially cut-away, and Fig. 5B is a partial top view, in
section, showing a first position of the weapon 1 of Fig. 1. The drivetrain subassembly may
include a motor 3, a gear box 4, a crank 5, a connecting rod 6, a pinion 7, and a stationary

rack 8.

[0035] The operating group subassembly may be defined as the internal (within the
receiver 2) components (excluding the drivetrain subassembly) that reciprocate throughout
the operating cycle of the weapon 1. Figs. 2A, B, C, and D are perspective, front, right side,
and left side views, respectively, of an operating group subassembly. The operating group
subassembly may include a bolt carrier 11, pinion guides 10, a translating rack 9, a firing pin
subassembly 14, a firing pin drivespring 15, a retaining plug 16, a power take off (PTO) cam
pin 17, and a bolt subassembly 12. The bolt carrier 11 may reciprocate in a sliding manner

on a bolt carrier support, such as, for example, the tubes 19.

[0036] Figs. 3A and 3B are auxiliary side and front views, respectively, of a bolt
subassembly 12, and Fig. 3C is a sectional view of the bolt subassembly 12 taken along the
line 3C-3C of Fig. 3B. The bolt subassembly 12 may include a bolt 25, an extractor 26, an
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[0032]Fig 1 is a perspective side view of one enbodi nent of a

reci procal l y-cycl ed, externally-operated weapon 1. Wapon 1 nay be
ext er nal lwopowaiseef3by a rotative driver, such as a npt oPC3/US2009m634100X 4
may be included, if needed, as a separate conponent or as an integral part

of nmotor 3. Motqr 3 may be, se| ected om many. types of notors, including,
for DS PDRG PSP ISR 98 Sorite Lia%w,ssy@eégﬁﬁli TRmngH égﬁaltarrexlerm er nal
combustIo0n rarRfEr QrfAE! shd dntejéfor 20r tant that the source of power for notor

3 is external to weapon 1. External to weapon 1 neans that the notor 3 does
not depend on the operation of weapon 1 for its power. For exanple, notor 3
does n pend products of conbusti.on or recoil .th be produced by
weapon 10050033) Ade BTt Refng 4 o5a 558 P i rmehit TR eRhext ensi on
18, a habiLtmBY.may hCkad ¥ Eiing pie33,ia0ltingShid 8ago4e in®4 tordoh gﬁﬁnggsso.le cover 23
and a pair of tubes 19 nnunteg in receiver 2. Atrack 21 may be provided to
assist in feeding ammunition to weapon 1. Wapon 1 nay include several
s S o sSSP R TR e 4R bRy e ERERE oy, an
operatimng droup subassée lﬁy, and a parrel” subassenply. e operafi’ng group
subassefibivy, fsayxdnsit,ud€ig@ Ibol t subassenbly and a firing pin subassenbly.
[ 0034] The drivetrain subassenbly nay provide the energy necessary to cycle
t he operating group subassenbly and conpl ete ot her operations that may
i ncl ud trid ta i pRi ' ' i ' bol t
udgog)t ' A9€riRldh R fihd G9gdhaedlPg {ibd aLRPBESA 58
Iocklng, cgrtrldge H?r@ng,g@gﬁﬁiuﬁ%ocﬁfhg, cgr%P§ ge égggaextr cﬁ?on,
cart ri dhecaapmeefsedthowcapand,asitinc weapendnhodisiterough ite Amictiotd eyeladBiksng. The
drivetrain subassenbly may _be .seen, for exanple, in Figs..5A and 5B. Fig.
BA is _aﬁp%lm EPPeGyelyvic ,ﬁbﬂg_rlt)l?aiwpvﬂe%&qfév%g?n Lndp 1Y O, éﬁﬁf Bartial top
Vi ew, iy SeQovAh pSWMdAG/ &y flakBlllyRABLLIL P A WBHoWaaRRN L «BP b 1. The
drivetrain subassenbly may includé a notor 3, a gear box 4, a crank 5, a
connectshags ppdrt®! tog péwiiosectionapidhawsepan bnary rack 8. [0035] The operating
group subassenbly may be defined as the internal (within the receiver 2)
conponents (excluding the drivetrain subassenbly) that reciprocate

t hrougtropdo]t he opmg HA G Sur6dl8idRefvideaRARQUt-dway, 88 FiZAB iBa pestiadfh D are
perspective, front, right side, and left side views, respectively, of an
oper at i igv.ghsepiosuthesdesd fiyst prvitonpkihaticaporyt efibigs ibabe ErmstignalgycCle mayude a
bolt carrj | ni i I l-at: | iri i,n
CobassSRB s RN ST B ARE LSO I8 K s & LLELRSORIT

t ake OfThe(dPd®) 5 aahthp ottphifshadtred tiee fak bosdbasteridiyly Laupldhasibg| for eanipler 11
may reciprocate in a sliding manner on a bolt carrier support, such as, for
exanpl & kayadkgpeay, jeferfergpesiitfridionsallap set sgewy ar offish meaey T8F G@nK3d f r ont

Vi ow of "Ene B Fthe Sl P by AREIEAP 00 i PP e e SRR £ e
bol t suhaslgdendsiomw, bzn, mapthenoicate EhelnpipbsiRSendan tlexdonaedtmg r@é 6 naary BAD
2010/ 08020191121:35 tCOT{hleJ?)%ggr? /7(21‘? oléa]ft?on 102 (Fig. 5B) using, for example, a shoulder screw, pin, or

other means. The pinion 7 may engage both the stationary rack 8 and the translating rack 9.

The translating rack 9 may be rigidly coupled to the bolt carrier 11 to thereby move with the

bolt carrier 11.

[0041] The output motion of the bolt carrier 11 resulting from the rotation of the
crank 5 is a combination of the kinematics of the crank 5 and the connecting rod 6, along
with the stroke multiplying effect caused by the interaction of the translating rack 9, the
pinion 7, and the stationary rack 8. The geared engagement between the teeth of the rotating
pinion 7, the stationary rack 8, and the translating rack 9 may allow for a desirable two-to-one

multiplying effect, compared to the stroke length associated with using only a connecting rod



extractor pin 29, an extractor/ejector spring 32, a depressible radial
rammer 28, a rammer pin 30, a rammer spring, and an ejector 27. [0037]Fig.
4 is a pewepennisy®w3vi ew of a firing pin subassenbly 14. pPCmaskeoionp1@i n
subassenbly may include a firing pin 33 a firing pin base 34, and a

torsion spring. 00 The barrel su enbly cl ude a barre
ext ensi® Ci‘“’é‘ﬂg‘r‘i‘g %’&ang DIYHG AR e% Qmé%i%ﬁném‘nﬂﬂVPﬁ“Qa HOVAREHE] The

funCt'Qﬂ@ﬁeﬁ%ﬁﬁﬁ?éﬁﬂéf%ﬁd%#%&%kéad@ﬁ@ﬁ%ﬁéé@ﬂ%ﬁ@&ﬁ@ﬁmQ&c@ description of the
conponents of the weapon 1 as the weapon 1 noves through its functional

cycle Figs. 5- 11 show, respectively, seven functlonal positions of weapon

par 1 allP 2t - andy G S aibiay- MG SR nd PRI E iR i a1« op

view, iiewShlst@ibn, SHowlilea YWRBRPosktion Qﬁﬁ@kléhgon 56‘fF1% 8 WRE §dcahd posiorVdew,
partially cut - ana Fig is a partial top view, in section, show ng

a fir stFlgsoélAt 41@@%ﬂlu§uﬁ@ew@amnqnsmf the glternal cpmeonReniel thaalcapge] afterdhe begi n
when t h Poﬁaté;s.rtﬁ%{lgt g%}%( g%ﬁglﬁqlgﬂ? El};s?gct){‘ ory ﬁlﬂvavll% f 13’;1]g§1 tsthAQ T §'ﬁ p%]i thsf;-I aft of

t he gear gear’ box 4 may be

rigidl )poﬁ)rﬁpzﬂd weell manlyg)mxft@hroeg}wmﬂe cyalekely opoiEtiKe yiaiy ,subm@ﬁm?memce fi t
friction collar, set screw, or other nmeans. The crank 5 pay be_ pi nned to

the corfFaelcr aglistateedwise thas @btheghstanss traprlgd by she pigiony andghe @aéa?ifﬁ ®, a

shoul der, sch8 oAl The opposite end of the connecting rod
6 may g%nc%%b%%%9§gmgﬁéegiﬂﬁgﬁﬁgaﬂg | ocation 102 (Fig. 5B) using, for

exanpl e, a shoul der screw, pin, or other neans. The pinion 7 nay engage
both t fation .rack 8 .and_.the translating rac ) e transl ating rack
9 rmay JgoRt lgi dly & Gt BioF R optreEas aitup Mistomiane 39“ KT b TH he

bol t Cad’ers'uﬁ]?orge%l by[a%gﬁ?ly-rﬂﬁaﬂwrw&ro@a% bRMWE U089 PR the GRSt RE eliboliBSHtT | NY

fromthe rotation of the crank is a conbination of the ki nematics of the
crank 3Bubed dtrhay eoeviedticaign slweG Tr?mlSlangn wf the bolteubissakllyridl asiwelying ef f ect

caused by the intera tra K. inio nd t he
ctat s oy Bew s eoRib! §auP bal SiyhidEnd 2 uBtASR -] BER R Rs 0BRa: | ng
Pi Ni on nfethddiemSy Akd O t6 8Gdpod: thaBslt Edrfiet I PR @hntrBDthe agullr pRMticdldfow for a
desirable two-to-one nultiplying effect, conpared to the stroke | ength

associ aheboliibessesibhy ] HnFer examplem thetrperivar damad oRbGrasb itk PUTLESZaN%IS0654 16
that support the bolt carrier 11 and control the angular position of the bolt subassembly 12.

[0044] At this point in the cycle, the bolt subassembly 12 reaches a point where it
begins to strip a cartridge 22 from the ammunition supply and feed it into the barrel extension
18 towards the chamber of the barrel 20. Stripping of cartridge 22 may be accomplished by
means of the depressible radial rammer 28, which may pivot about the rammer pin 30 (Figs.
3A-C). For most of the cycle, the depressible radial rammer 28 may remain in its stripping
(non-depressed) position relative to the bolt 25, due to the restorative force of the rammer

spring.

[0045] Depending on the particular application, the ammunition supply may or may
not be mechanically linked and/or controlled by the PTO cam pin 17, which may be rigidly
coupled to the bolt carrier 11 (Fig. 2A). For example, the PTO cam pin 17 may engage a cam
slot in a feed cover designed to manipulate a linked belt of ammunition (such as those
typically used in the M249 and M240 machine guns), or the PTO cam pin 17 may engage a
cylindrical cam that indexes a feed sprocket (such as those used in the XM235 Rodman

Squad Automatic Weapon). In other embodiments, the ammunition supply may be self-

8



and crank |inkage arrangenent. The pinion guides 10 may constrain the
vertical novenent of the pinion 7 as the pinion 7 rotates and transl ates
t hr oughowothm/sywBe. [0042]Fig. 6A is a partial side viPpewuspaowszlié y
cut-away, and Fig. 6B is a partial top view, in section, show ng a second

posi tion t he we n 1 of Fi .. Th econd 05| on of Fi 6A and 6B
i || ust ra@ﬁgﬂ% ‘émFYB@g‘tgr Jleh ayp SP‘rgfég %eﬁit Esﬂ? n@sﬁs ?6@ ﬂioﬁ‘*e“%gé‘bﬁ}’? 1 after
the cranke®mi4 @it 68aRieliNeI a8 0RRS cfb8MnidAR, delt%&naP%d&t'hanumé&B)Vm in Figs.

5A and 5B. At this point, as well as any pol nt t hroughout the cycle, the
oper at i angmgritop swhamsdmmsgmsna&y be atilizicdd Far cirgireamomuniviot otrhest thoftracke

connectad i 1§ GV bR Puditaf s erahersy P SPRE Bt i ng o oup

subassefFeMiedicheri®@istocarrier 11 may be supported by and may slidably
reci procate on two tubes 19. In the illustrated enbodi nent, tubes 19 may be

cylindrical in shape. Transl ation of the bolt subassenbly 12 as well as

angul aropRSL 0N SHALE Bluot 05 DALE GURASRERRIN S r IR OB (AP ARed BY

the tubes 19. O her e used carrier

and COnidﬂﬂionﬁlﬁer\ﬁa‘tglﬂﬂaﬁﬁlaﬂikﬁﬁd;ﬂth@ﬁp@ﬁtlﬁghgobplsﬁbassd:hﬁﬁﬁﬁﬂrhb yhidZposktion shsanpl e,
the receiver e fabricated with integral features that support the

bol ¢ cdla Ry TAEnanB. g86t ol MBSl A PR SHE B Y. (48 s 7B BRSEh D] y
pOI Nt \%ﬁ Lk, i e%tl&ﬁ)'s%wlng tﬁ@ﬁlﬁ%gﬁonto?ﬁmqgéatp?ﬁlf%@% >l i tpf)ﬁﬁiﬁ{%es a

relt elns trip a cartridge rom-t ammuni t1on supply
and f eethambering af ctat'tadgam el compﬁe&msifmmﬂﬁﬁoﬁ of/mhe thelt shieascnahin é? cedsed, bat bar r el

20. Strjpping.of c ge 22 she nmeans of. t

depr os<hbPY ST ek O%Hgﬁ?f 1 RYE T u%%@té}ﬂgﬁwéﬁh%w 30
(Figs. s%ﬁas@mbl'frqrz BRale &f tht BSIt eeikE11 Isf}fosﬁﬁl@ro%ﬁséf%%er aghridbe DAINR[y 28 may
remain in its Stripping (non-depressed) position relative o the bolt 25

due t o dhhmbened od thei fyant {104 CEgodA) ¢fghe hm&nsrbawmb&cgn Plemﬂ}e[ﬁ@@ridm@ then t he

t t .
P chani g 9P R alraeResns Al TP By by b it TR Bl RS b ot Aoy be
ri gi dl Mog@pésektéd ThE M ain Fidrni(elg. 28) tlaly Engad)a cafddlo€PBTRKIR bdlh@riFkO cam

pin 17 may engage a camslot in a feed cover designed to manipulate a

| i nked Hemhichfin fyrsi fictliteas *(hw@tﬁn@é retagigreof thgibelisniaseesellyild- t he M249 and
M240 machi ne guns), or the PTO campin 17 may engage a cylindrical camthat
i ndexes a feed sprocket (such as those used in the XM235 Rodman Squad

Aut omat[064 Meapon)At thiz poihethe eshoek the bbis sufabentiyuDidsiden w&thﬁpirymtﬁmal be sel f-
WO 2010/ 082973PCT/ US2009/ 065416 regul atj ng/ controlling, such
spri ng-Mosketof haksgrehegansione! 8. simihe dpltsybaspeally JSdatafes, tbﬁ@Cﬂmng@PﬁfacesS&fu es of

assaul tng ho 99 ovdfheOh06s SBORAAIRRL A A LPIRIABCL QUG T Aite

anmuni t1on supply nechani s or certalin ammunition
sour cegyrotese comahl RiffrFadgo ai))omriaqckhg sitpipbitg that ffrorg evecturfithgedrtrelgadfuni ti on

supply a rolling.the rese Ii d 046] Furt her crank
5 rot at%“gg{e?@@ sttfaeereg bodhf(?rcﬁéé SOFiaty d‘r’ qﬁ%ﬁsﬁ[“néﬁ( 52 %%t*{eé’élﬁﬁrtcgmipﬁnen ts

of the operating group subassembly and the drivetrain subassembly.

[0048] While the bolt subassembly 12 is no longer moving forward, the bolt carrier
11 is still undergoing forward translation. The relative movement between the bolt
subassembly 12 and bolt carrier 11 allows the firing pin drivespring 15 to further compress.
Further compression of the firing pin drivespring 15 generates the potential energy necessary
to propel the firing pin subassembly 14 forward and initiate ignition of the cartridge 22,
which occurs a bit later in the cycle. The firing pin drivespring 15 may function as an energy
generator to supply the energy needed to propel the firing pin subassembly 14 toward the
cartridge 22.



additional forward translation of the operating group subassenbly to the
third position shown in Figs. 7A and 7B. Fig. 7Ais a partial side view,
parti al | ywoubtizsagr3 and Fig. 7B is a partial top view, POTASew0O5416how ng
the third position of the weapon 1 of Fig. 1. At this point the chanbering
of cartrjdge 22 i npl et e, ns| ation 0 ubassenbly 1 ceases,
but t héoﬁgﬁt subﬁgﬁﬁmom@them t B IFgIoF §r7 éﬁg%eﬁi G U STRPREr 11
This r%ﬁ%@ﬁbr%mb’f&s&%é otRRR j%@QIrval@% 323|ﬁ§e! e&@ra&@r Q@ﬁa@ﬁk& rotAEd | er 11 is
possi ble only after the cartridge 22 | | y chanbered and the front 104
(Fi g. 2hpuighe theachoipin Eﬁbatslstbﬂbityacm %Iseaozertth@rlmrafnhe Qa2 obfhetchdridgibes 19.
Once clgar of the tubes 19, the angul ar position of the bolt subassenbly 12
is no I'Onger restricted. The bolt campin 13 (Fig. 2C) nay engage a cam
slot 106 in the bolt carrier 11, which in turns facilitates the intended
rotation of the bolt subassenbly 12. [0047] At this point, the front of the
bol t sUB8EHenbl y He §leb; ?’d@é‘tl%sﬂ%lVﬂe%rpaﬁilﬂ”éfrw&lawbb@l@éﬂ:l@fsalﬁé Degfat &1p

ext ensi t S I 2 tes, e cki n es of
the bol Tosah st RE: LARMBIRSRAR S R SuihE 13T Fiddedn 3R oRE B8

ext ensm:fmhel@clemiesborwwbmsmbmm |c§1mp&f@ll’1fs%1gtlﬁr agathl. tTHed6ding, supports
the firing event of the cartridge 22 and decouples the reaction forces

associ atgacsriof tha bedt 35 grp %1Yewgedrwﬁmmq%0fﬁhﬁé>ﬁrrelcﬁ%ﬁ@ﬁ@ﬁt§ @¥s ORR ApPEr at i ng
group sjy yﬁ%@%glyﬁigqleééh%s fg | hi{ Iroﬁa'te?i a%‘d%%lé‘ag}akﬁﬁgn[ao%ﬁidr% g% EK%H@ .

subasse onger novi ng torwar olt car is strl
under gah rﬂ@ tear vfghelbdlr 2fh beta@ios rahgﬂ'daiewtlehratngagmlgtfvﬁmn]ﬂ OlfEtgueh andh é) dol t

subasse d carrier ws th firin drivespring 15 to
Furt herhg Blipe e ARt TbAgesZi B 131 BREDY fct 1Mol AL IR ERG 15
gener ate%lﬁalttb%dl@ﬁgﬁl @i 8T HLIYheNRAADE R thelrCarRIrAREolf S firing pin
subassenbly 14 forward and initiate ignition of the cartridge 22, which

occurs a bit later in the cycle. The firing pin drivespring 15 may function

as an y gen atQ u ner gy needed propel ing pin
subass i I’ 197 ol Gvird miBeaidfo S75E O SEToroRbOAhe Fadidfrursals

[ 0049] AfowteRddsbyp@k PbtchilaltdnBressedred intthe fifihg irodriveépridg o5 Th3Birmgehils) is ful ly
depressed and further conpresses the extractor/ééector spring 32. The

ext r actvesBings eltangs ﬁ@ﬂaﬁ%@%@wd slats tegenciete e yrloritygind gsjociatade

extractgl. 2@, ggr%f eﬁmg;'ﬁm s{ﬂga[s l{)lgel ?s 19Jce§sgﬁr dt%ggﬁcrckggﬁ él%tém[ ¥ S0] Fig.

8Ais a partla partial top

vi ew, idartsiggd 2D nrhesﬂnomeﬁgwl@em‘ thesloh 1 @RI thd: &rar ofth% fb@lt\m&j@%’més DMgnbd githl. In
t he fourth position of the cycle, the bolt subassenbl¥ 12 has conpleted its
angul arth¢ @tgélgm@rfeatw?el lpwkth%éﬂg& PHatels 283logets 9 opylling theteegsii Py 2engaged

wtht ly 12
reacheg%%'ogpwkpy ro g%% ocC e§ﬁ58§§g§gﬁ&mﬂﬁ§%§§d?%%&4§#§§§ﬁ§g§and 30

i n the firamrpinB3 ﬂahmglpod)pellm fhreeohtesaal thgpedenof theaartedgra?l, mgthf tbainiere o 10
(Figs. 2A and %l. n the firing pin 33. The firing pin subassenbly 14 is

t her ebyIfedae ¢ Iﬁﬁvé orward a distance equal to the length L (Fig. 3C) of
the slot 108 in the rear of the bolt 25.

[0052] Fig. 9A is a partial side view, partially cut-away, and Fig. 9B is a partial top
view, in section, showing a fifth position of the weapon 1 of Fig. 1. The fifth position
represents the end of the counterrecoil portion of the cycle and the beginning of the recoil
portion of the cycle. The operating group and drivetrain subassemblies have zero
instantaneous velocity at this point. Firing of the cartridge 22 has taken place at or slightly
before this position, depending on the chosen rate of fire. At certain firing rates the bolt
carrier 11 may still be moving forward when the cartridge 22 is fired. The firing pin
subassembly 14 has traveled a forward distance, relative to the bolt subassembly 12, equal to

the length L of the slot 108 in the rear of the bolt 25. This distance permits the firing pin
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[ 0051] The forward novenent of the firing pin subassenbly 14 over the
distance L is powered by the potential energy stored in the firing pin
drivespriwgQ20B/08%418 firing pin drivespring 15 extends fPomust@Inesiws essed
state to generate the velocity and associated kinetic energy of the firing

pi n subassenbly 14 that is_nhecessar succes f.ul Ltion of .cartridge
Do ThalRENERE \HE st Aete ST TOBS R HEl FEHD F fl}*?éth(?%nrtngﬁ%te‘éb‘ﬁﬂ%te% i gned
wi th t Rgn&ngadp B0theaRlng Sn 33 QtriRBs {Haefmfmerrlo@qlemaﬂna% »% anal ogous to "pul ling
the trigger” on a weapon that has a‘trigger. At that nonment, an event has
been triggered that will result in the firing pin 33 being propel | ed

f or war rd t r of t 2 the intent .of firing
the cartPiHge 22 ST tariongk i s 2R if dapelienl pblyorglt FrarRipdont - avey,
and Fi gzelo%aylaﬁd ﬁuiéﬁé teﬁe% b%e‘ﬂrﬁi‘%’plﬂ SubagehibdN 14 shPddR Gobrely b Bnyposi tion of
the weapon 1 fif osition represents the end of the

count ergeeer@teld mn@ntem aé$00tam wijle the ramf theeonseading mrowp &yba&smblye&énellaqkor tion
f th { h
st an b el ontRE bR LA UG o bR e o AR IS 55 % has ke

pl ace ahbwselﬁbllygmﬂlpbrﬁaf B&’o@uiehhé desigi off the ﬁndg peoBArign OR Cbﬂ]@.ﬁ@thﬂﬁ\@lﬁh tat e of
fire. At certain firing rates the bolt carrier 11 may still be novin

f or war ch\‘fHéFP Y theatperd algde mwtors’, pllpwy for ppgnits %dil%&nﬁitr‘?f SeoirangeRts yI hfg has

travel %ﬂﬂﬁ& ual to
t he | eﬁgt W ﬂ %gdchh? E%f%lté‘?g %? %n?%kr%jéf@%? Thi s (Ijjﬁggltqg ce
per m t it davdspringds i ﬁne dVﬁo@&i&hB&ﬁ&EﬂP(ﬁE&UﬂSRﬁﬂ@bﬂE&ﬁadﬁhd triansestoomi spgedlS to

generate sufficient vel C|t nd en such that th ring even
initi atozahmﬁat{nﬁegrwpps psseilyand sagf%%/na t%nsgfer%%@@h nHi’anﬁécrcaﬁlfl‘ti%

cartri dge @gg, tho ﬁﬁi%% PHE G ?Sbfe lﬂlﬁﬂlw ﬁdjﬁﬁe@ﬁoﬁl@%r&l%hhﬂé ﬂﬁl%mggte up tgﬁ{%endent

only on the associated velocity and Kinetic energy of the firing pin
subas s elebigyedcelradicdblewitaioan, mdiigh may begn gemdqtééem@mnma@m pat ed with
the rest. o{ t he gﬁper ating group subassenbly. The | ack of dependence on the
movenerdt "8t AR BOt'her conponents of the operating group subassenbly is
i nportant because the design of the firing nmechanism in conjunction with
t he abiIitéﬁ to vary the speed of the notor 3, allows for infinite

o]

adj ust t8h4]of theAliqthqrr@gvmaw ofﬁhﬁelnﬁlﬁpﬁnd@nﬁeawﬁmmﬁn@pleﬁeﬂ@y gohasefated by the
fi 15 th
L9 U R R BERLA AL AL P O Y BRI 15,1 e

oper at i gxgm@lepufpes whassenuyt erites ug idcutaems fo3sibles tr @gagepaashtgetst gini ti on of
cartridge 22. Thus, the f|r|ng rate may be infinitely adjusted from zero
rounds (BErcas; ﬁmvemaat q féhg preraiing GpwysUPRLERDCRRY PAYAEehY #1656t tharfcewamay be on
the orqgi, g 01§ VBh@ any Jn%#ﬁ%ﬁra le Fr’b&”th@ﬁ%ﬁg{ne&’ix%& ritd PP ant her
advantage 0 e g epen ence o |r|ng pI n eRer gy ge erator fromthe
nmonment LIHSLﬂﬂSlS(BUCCaBSfUﬂ 1gmtt1hn pheartrelpe 28fregandlcopeithd sprgd gf t’muptlsam bampemnktsy i s,

for exa ]i? apon 1 Lﬁ%be Hr@ S accurate as ible, to engage
poi nt t%& é’ts’élgt ‘?PRGH AW SUPEYSSHD Fr ?{stﬁepaﬁ%gr@ ‘FP R enbl y
may advgi el lyosﬁ{d‘n%&%ucthhﬁaaﬁ@ HB@PO’S Afth¥RapPefnnd bo@gs is 1d¥6 nBArly AIHALE Rethgy

avai labl e fromthe firing rivespring 15 will result in successful

i gni ti che ofgagangtieatdigel lQZ)HﬁEgﬁrldg es@bfThehethsw@eplomi maydeaithed. Whermponent s

cubnss aRy iy TBECELERREOLCHRL BERESRENyHav Rl SuBaf mhfamPBhing, R

bol t 23ek&sa§mty codpleteroitiod @@ﬂlemoﬂtfhubzﬁls@erﬁl\i;ﬁal@ and ahgatws@othb@ oPfhettedr firing
pin 33. Then, the weageonlma be ai nmed en ready to fire, the bolt

carri er25ithihy cpeagies {easiroh §okile Snas @t YV henetheisler $8%ipktha beliRf inecessary

to co Id t;;108 of
t he bol l%gdél\nﬁb ét%g ghég&ﬁﬁgqbeafur Wﬁl# ltﬁ ﬁm%@ &@a&@@&@ 1&n t he
sl ot 1QBiveh faherdald thesebporal figReth thisttharnbg agn gagiurgcey (Gf&hthEaﬁohOl bkt t he
firing pin 33, the firing pi.n subassenbly 14 is drlven forward and the
weapon Max b ggised by mRYemeRs oh e Coawniﬂﬁwemnawpeﬂ tAeY WempBizedt hat may be
caused by novenent of the conponents within weapon 1 nmay be m nim zed.

[ 0055] An additional benefit of weapon 1 is that the designed overtravel in
t he bol[0055] An additional benefit of weapon 1 is that the designed overtravel in the bolt

carrier 11, in combination with the control of the release of the firing pin subassembly 14 by
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carrier 11, in conbination with the control of the release of the firing

pi n subassenbly 14 by WD 2010/ 082973PCT/ US2009/ 065416 t he angul ar position
of the bowD22ubmswenbly 12, allows for advanced igniti omrCofustéve/ocsé ri dge
22 (relative to the bolt carrier 11 position). Advanced ignition of the
cartrrd e 22 may occur he bolt 25 is ful rotated and | ocked, even
t hough PHEBHIPOLPR PEhe ol Supsemry IBeaerdrﬁ% b andne Egre cartridge
counte fzfzer?&atkve tgl?hesbcﬁﬁ@ahli&el laﬂdsf?l‘éﬁ) fAR{vaﬁ‘é’éé' @uﬁﬂﬁ‘bf Mé%rtﬁ&lé@?&a& Becupol t 25
to help nmitigate hangfires of the cartridge 22, which nay be problematic

for cerwlalerthc bolv 8htd fwhzlrotetetl @nd &ickyd, avtu thoegh rfxedpitrcam Hamiaynsill HeO056] Fi g.

10Aisa de vie ut - awa and .Fi BIS rtial
Lop v dip i Berddiieshanienb il ot ffitiBrgyros padHen dlnghdima Stife B 5
The si ashorh@@l thit@Atei Hah piSick 8F @S c@rtﬁ 22 , Yhi@ahhy bé problenatie @ed dertadr t i on of
the cycle when the bolt carrier |ns noving to the rear. At this

poi nt, ORECTiengl %myaaélsyeamrayedmeqp@nmﬁc ymsms.r ansl ati ng, but is undergoing
rotation via the bolt cam pin 13, to unlock itself fromthe barrel
extension 18. At the sanme time, the bolt carrier 11 is already noving

rearwar[dos@nd a stiguloders alphétidl kidg vidb)patthilllgrcnahwiyg ahdl€id)00B 104 phrial topl t
carrier (11 engages the firing pin base 34, thereby retracting the entire
firing Pt lgﬁﬁcé%ermwnaarsmrlhmﬁtu@roftﬂaﬁ veon liofdig i Thy Sirth petiaR senbl y 14

for th (’111{?§f&‘ies% sﬁlon[egrqg 1 t}ﬂ@ 'réc%lltﬂ&?tl&loéftthé E;Ec’r’é%ﬁ&?h% boft Y ?rl 9 ‘nglﬁg he

process o c I ng, irring pin 33 1S ng retracte romthe sl ot
108 i n rhénang eathe odart Aetlbmpdnnﬂme bitttesubassemylypi2nis 88t yao trah€sting, bht is he boI t

subassenbly 12 and rotates re atlv to the firj base 34 F The
T ng B eaEEaoRof Sight Jolh B b b PGk B b Aot bare SXEYIOH LB AL he

bol t cah& kfhe thhe, tﬁé bl czhﬁ@r fl fs a'ﬁgad%} ﬁo%%g%a@@ﬁl% En'itﬁa ﬁldﬁﬁdérﬂllr gﬁgrﬁﬁj’ of the
bolt 25, the torsion spring 35 acts to réset the firing pin 3 oits

ori gi nahteamgw the bpegifithaopolt wtlat i lvangagestthefifing pmgbam p4.bhegebBettragting the
begi nni

DR o Bt R GBSt TR R RS, L B SRR T1 s

conpl etgty. unl ocked, the bolt subassenbly 12 may translate along with the
bolt carrier 11 and the remai nder of the operating group subassenbly.
[ 0058] Thr oughout the unl ocking process of the bolt subassenbly 12, the

e] et OrroRgy( Fi 05 i Aok RTBAAY (o EOE GRREE, ARG LCHLRRROT 20

rotate the rimcase 0 ncertalne S Wth

parti cuylime3 ayirgi Itetraaedn aogdl thaglone@hanths rgr of theibsltals Thp disiiglpie33 hadtes he PTO
campin 17 may start to eng age any nunpber of _ammuniti on i ndexi ng pechani sns

to contWigh thefpeltsubaspenbly dd@ng refaishtadttiario de sy basn 3tdie A dhestime  wo
201070 B%PQEG&%%%{ g@%ﬁﬁaﬁ%ﬁ'f&m}%h nsth@ bBﬁ‘ iRl 181 dfefh€"hring

partially cut-away, IS a part
pin 33 clears the slot in the rear of the bolt 25, the torsion sprlng 35 acts to reset the firing pin

33 to its original angular position, relative to the firing pin base 34, at the beginning of the
cycle. This action may be completed prior to completion of the unlocking of the bolt
subassembly 12. When the bolt subassembly 12 is completely unlocked, the bolt
subassembly 12 may translate along with the bolt carrier 11 and the remainder of the

operating group subassembly.

[0058] Throughout the unlocking process of the bolt subassembly 12, the ejector 27
(Figs. 3B and C) remains fully compressed and the extractor 26 rotates about the rim case of
the cartridge 22. In certain embodiments with particular ammunition handling mechanisms,
it is also possible that the PTO cam pin 17 may start to engage any number of ammunition

indexing mechanisms to control the movement and presentation of subsequent cartridges 22.
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view, in section, show ng a seventh position of the weapon 1 of Fig. 1. The
seventh position illustrates ejection of the enpty case of cartridge 22.
After thewbabto/sedrassenbly 12 is fully unl ocked and begiPos/ust@9meisesrent
rearward, the extractor 26 (Figs. 3A-C) pulls the enpty case of cartridge

22 fro chamher of the barrel 20. The previousl onpressed .
extr ac'ﬁ]g{)%gj ect E?Felg-dr%{j a@fﬁ&&éﬁ@&%@%}ﬂé@ﬁa}-a@% 3l Fir T ReS § RetiabipDt e
bol t 25,ieWthistctioResHRGASR s&;enﬂl%sgigﬁ%isﬂ{e \ﬁgapbﬁ 19reRpad ¥ sthgitl ?@s{i)tficﬁf” face

of the depressible radial ramer ' the ejector 27 noves ou t he
f ace ofillbgtates2isctipn of thgantpsy ease iohpartrsdgee 2f dyfte thorbdlthsibhssagiblyf 12 ikdulénpt vy

case of cartrid 22... This inpul sive force ca .the,case  of, cartridge 22
Lo r ot Bt e bty Paras Baryre 120 eRgpdSh 2 (Rigy Shder PRy <TPPice

cont actcas@éf dhtidBe PP thheh£se 0@ thedRklel 261 gBhPFrclidusly @pRblgsbdaway from the
receiver 2. [0060]In sone enbodi nents usgﬂgtcertaln t%pes of ammunition

handl i rytraeteHalastentdringsd 2imehespbe aieetan2ge kafgasekthpbolt BAswes tha om t he

si xth positi h event h.,posi t. e r i radi r r 28
ot at eSO BobPF 7 P T B Bl 0 e R RS LIS g R Y 2

Thi s acAd 18 ¢jestor 07 ened oast thefach of belv 20) tivigeatts ah impillsive fort¢ bdlge iRadt hat i s
nmoving into the feed position for the next cycle interferes with the path

swept By Rnempfe saesefi 8rtedgedh- al hip dnmelsive foreq Fusessthp sire@d srddersd28si t i on.
Once 1 qgta@t:ezﬁfgﬁ‘?ﬁl'e Q%(Eaét@ldi@ﬁntﬂ H;OIELs n%ﬁofgl’ger faﬁ? SurtiRe ggﬁttgﬂgatt%ibﬁ goint the

non- depressed position, a ramer spring may provi necessary restoring
force. dafO&IdaVMhidpe22 isepropoliedaivan filoasthbeereivdedcri bed with reference to
certain preferred enbodi nents, numerous changes, alterations and

nodi fications to the described enbodi nents are possi ble w thout departing

fromtf[@oagi rit apdome RMosimdnieysidVeRhindYp&ordgihiiftod faddige appended
clains, and equival ents thereof For exanple, a drivetrain su%assenbly may

i ncl udenerhguismectsithgopesaingrgroun sibdiscabty gasswifree thedsitth ppsibowpethat i ng gr oup

subassenbl wi.t hout the use of. i ni an, ationary rack, or tragslating
Cack. Pa PO e dedfes B A i Bire Bl e A et lS e HOAT not

i ncl udaowaidk MOXiPeth@bslk a5 .1 PR aytisraknteRdedNB8 hdybRIvENh EDURS thong as the
crank 5 in meggon 1 shown in the Figs., to produce the sanme anmount of

r esul t Attridge?athehy neeoupinéthg decshisisifionfande aextarycle igtepTres gidithe et |S: 1.
A reci - .ar o) I 8l Nng; .a rotative
A S S R e R S B e R
first ekgregbrradibetmend 26fis frietoataikio its non-depreveaisusitdPes edohmer Griap P
subassenbly connected to a second end of the connecting rod; and a
recei vePay RIRBIdgAG R CHRT A tPHEE Hetip subassenbl y being di sposed in the
receiver. 2. The weapon of claiml, wherein the rotative driver conprises a
not or .

[0061] While the invention has been described with reference to certain preferred

embodiments, numerous changes, alterations and modifications to the described
embodiments are possible without departing from the spirit and scope of the invention as
defined in the appended claims, and equivalents thereof. For example, a drivetrain
subassembly may include a connecting rod that is directly connected to the operating group
subassembly, without the use of a pinion, stationary rack, or translating rack. In that case, the
crank of a drivetrain subassembly that does not include a pinion and a stationary rack may
need to be twice as long as the crank 5 in weapon 1 shown in the Figs., to produce the same

amount of resultant operating group subassembly translation.
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3. The weapon of claim1l, further conprising a translating rack and a
stationary rack, and a pinion in neshing engagenent with the translating
rack and wbeoskmred7enary rack, the pinion bei ng operabl ypPcoruseawecs4#ie© the
second end of the connecting rod, the translating rack being operably

connect t on, operating group subassenbly, and the stationary
rack béﬁgﬁyﬁﬁiggAﬁgﬁﬁhgirgcgiver. 4. The weapon of claim2, wherein a
speed Qﬁz$ﬁ%ﬁﬁﬁ%g§w¥ﬁe&Q&kﬂhﬂ%ignﬁﬁhﬂ%%gﬂhgﬂgﬁé_n zero speed and a

: : : [

maxi mum spee ' ‘he weapon “of claim ‘he weapon operating
group subassewtitiyc dngtnesccacdolanccad pf ecrahkxed to the transl ating rack, a

firing pin subassenbly. di sposed i he pbolt carrje and. a bolt subassenbly
di sposed inf%%%m‘%?@rg%F?ng@ga%?H?%SH%EHBBHK%?H%?%?ﬁF%?kTurther conpri si ng
a bolt carr 'ae\K/eai)Bﬁlé?éttatiﬁg ¥RRlp ls@bdshenB1 9 eBhneeted tb A8eddal teng BF fHc@bnRRtNY
slideable on the bolt carrier support. 7. The weapon of claim6, further

conpri sPgendn energy generator for nmoving the firing pin subassembly to

initiate a ¢ .1 dgg .in e on el el . 2ner gy
produced by e tedsy i AR ol LR DGR Th AR tetbesRiEL ey of

t he weapon operating group subassenbly. 8. The weapon of claim?7, wherein
t he ener generator conprises a firing pin drivespring disposed in the
bolt car %eweapwfzéw baderapthr 0B8Ye I7 pEFLNBIISe A MR®Tweapon of claim 6,
wherein the bolt carrier support conprises a pair of tubes. 10. The weapon
of claimb5, wherein the bolt subassenbly is rotatable with respect to the
bolt ca&. rTlerweapdi of dlaen Wefupthor @immeisaign théhslandng rakmntdhetdohbrysadigesénabl y

includes a bolt and the firin i n sybassenbly. includes a firing .pin, the
bt bathign romsH s ereteeneraRhLbe Hea e BrE iy hasions fackneugBon of

cl ai m Ikin MR Pcdinect@td the REdoHAfd Bf e RbMRIHNE RS, RAMGlafing FRk bhRLMEd
therein and the Tiring pin includes an engagi ng nenber for engagi ng the

sl ot irope nnected ®. thT weapwragrertiof ardun mbagembhyeped hetstagioharyiragk pi n

I i tablybai ted ®. thThe tiof ard b e pied thetskgion (317
subassenmbl y.includes a firing pin base, the firing pin being rotatable with
" especti 1 111 1 IS TRET™ base.

4. The weapon of claim 2, wherein a speed of the motor is infinitely adjustable between zero

speed and a maximum speed.

5. The weapon of claim 3, wherein the weapon operating group subassembly includes a bolt
carrier fixed to the translating rack, a firing pin subassembly disposed in the bolt carrier, and

a bolt subassembly disposed in the bolt carrier.

6. The weapon of claim 5, further comprising a bolt carrier support fixed to the receiver, the

bolt carrier being slideable on the bolt carrier support.

7. The weapon of claim 6, further comprising an energy generator for moving the firing pin
subassembly to initiate a cartridge in the weapon, wherein a minimum amount of energy
produced by the energy generator is independent of a translation speed of the weapon

operating group subassembly.

8. The weapon of claim 7, wherein the energy generator comprises a firing pin drivespring

disposed in the bolt carrier.
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14. The weapon of claim 13, wherein the firing pin subassenbly includes a
torsion spring for applying a rotative force on the firing pin. 15. The
weapon ofwol2aiomsigz3 further conprising a bolt cam pin tiratr/usegagestié he bol t
and a slot in the bolt carrier. 16. A reciprocally-cycled,

external |l y- power ed apon, conpri sing: .a receiver; . .an. operating group
subass Z%m?(l}f %?@Bagé\éﬁrﬁ S jiheiprbs hel ?arflﬁ%wa@ﬁ SPPRYS G S gbess el y
including a firing pin subassenbly; and an energy generator for the
firing pin subassenbly, wherein a mnimum anount of energy generated by the
ener gy lfehbe acaponi of daiey evidem thefbodt subznshblyiiorotaplde dvitfrespivet toples bili ng
group subassenbly. 17. The weapon of claim 16, wherein the energy

gener atG"%onprises a firing pin drivespring. 18. The weapon of claim 16,
wherein the operating group subassenbly includes a bolt carrier and a bolt

subassenblg, the firing pin subassenbly and the bolt subassenbly being
di sposeld- iThe wiepdscficlaimy 10, sthereinghe bolt oy pssard pariugss e doltesd fidinmmpinThe

weapon 0O m. i n . Lt . | v o] | it h respect
roopor oS aA e SNk he B PERATTRY e P B P on ST
subassenbly includes a firing pin and the bolt subassenbly includes a bolt,
and further wherein the bolt is rotatable with respect tq the firing pi n.
21. A et %@,W%%pf %lplﬁrg 11, wherein the bolt includes a rearward end having a slot forme

therein and the firing pin includes an engaging member for engaging the slot in the bolt.

13. The weapon of claim 12, wherein the firing pin subassembly includes a firing pin base,

the firing pin being rotatable with respect to the firing pin base.

14. The weapon of claim 13, wherein the firing pin subassembly includes a torsion spring for

applying a rotative force on the firing pin.

15. The weapon of claim 11, further comprising a bolt cam pin that engages the bolt and a

slot 1n the bolt carrier.

16. A reciprocally-cycled, externally-powered weapon, comprising:

a receiver;

an operating group subassembly disposed in the receiver, the operating group
subassembly including a firing pin subassembly; and

an energy generator for the firing pin subassembly, wherein a minimum amount of
energy generated by the energy generator is independent of a translation speed of the

operating group subassembly.
17. The weapon of claim 16, wherein the energy generator comprises a firing pin drivespring.
18. The weapon of claim 16, wherein the operating group subassembly includes a bolt carrier

and a bolt subassembly, the firing pin subassembly and the bolt subassembly being disposed

in the bolt carrier.
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providing a reciprocally-cycled, externally-powered weapon;

reci procally cycling the weapon using a rotative driver connected to one
end of a woanlo/isker8 i s operably coupled to an operati ngprgraspomvbassenbl y
of the weapon; and generating energy for firing the weapon wherein an
amount of _ener generated for firing the weapon is independent of a

transl 4t 8 Wﬁg@ Qi I arhsteimie §pB apdastiaiyx érorajalls WitHdCREHIBAC 22, The
met hod Wit GH@rm 21, further conprising firing the weapon wherein the rate
of firing is infinitely adjustable. 23. The nethod of claim 21, wherein

t he operating group subassenbly includes a bolt carrier and a bolt

subass t he od further conprising.rotatin e balt subassenbly
o Bpdkt wEPPE o S ahpi 52 TRk D S Rty Bt eRat fioaPARErB n t he
oper at ifag SbAYBMBYIASEEIRI BoIf bid hthc CRAREINSBS bélt s rotafdIPivith eipaa sSR! ¥
having a firing pin and the bolt subassenbly further conprises a bolt. 25.

The metfhow @R cl ai m 24, wherein rotating the bolt subassenmbly with respect
to the bolt carrier further includes rotating the bolt with respect to the
firing pin.
21. A method, comprising:
providing a reciprocally-cycled, externally-powered weapon;
reciprocally cycling the weapon using a rotative driver connected to one end of a
crank that is operably coupled to an operating group subassembly of the weapon; and
generating energy for firing the weapon wherein an amount of energy generated for

firing the weapon is independent of a translation speed of an operating group subassembly of

the weapon.

22. The method of claim 21, further comprising firing the weapon wherein the rate of firing is

infinitely adjustable.
23. The method of claim 21, wherein the operating group subassembly includes a bolt carrier
and a bolt subassembly, the method further comprising rotating the bolt subassembly with

respect to the bolt carrier.

24. The method of claim 23, wherein the operating group subassembly further comprises a

firing pin subassembly having a firing pin and the bolt subassembly further comprises a bolt.

25. The method of claim 24, wherein rotating the bolt subassembly with respect to the bolt

carrier further includes rotating the bolt with respect to the firing pin.
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