WO 2010/082973PCT/U S2009/065416 RECIPROCALLY-CYCLED, EXTERNALLY-ACTUATED
WEAPON STATEMENT OF GOVERNMENT INTEREST [0001]The inventions described herein may
be manufac %q%?@ d licensed by or for the U.S. Government for U.S, Governmen}r?purposes.

BACKGROU INVENTION [0002]The invention relates, in general 13 Weapons and, in

particular,to reciprocally cycled, externally-actuated weapons. [0003]Reciprocally-cycled weapons may
be classifitHE@EBOEASNErEY 6L ERERRIFRpOVdré s SEYpbardEMRAPons, such as those that rely
on recoil or gas for operation, may use the high pressure gases developed during cartridge firing to
directly or indirectl cchIe the mechanisms that perfoi in certain actions. These actions may include

cartridge &T@BW tﬁgg%qgwgﬁqri%@ bering, bolt locking, cattlidge firing, bolt unlocking,
cartridge ¢aE® pxtractiameGatkigpascaserRiertioniand,cas tidgeridexingsd 0 thescalighility of

self-powefed yi¢Rops may dependan successiul igniton of

BACKGROUND OF THE INVENTION
[0002] The invention relates, in general, to weapons and, in particular, to reciprocally

cycied, externally-actuated weapons.

[0003] Reciprocally-cycled weapons may be classified as self-powered or externally-
powered. 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 resulf 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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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 twgtzlpé%ﬁzggsuser intervention to extract the unfired cartridge%%@%ﬁ@{%ﬁ@ﬁ}ﬁer of the
weapon. With externally-powered weapons, however, a misfire may not stop the continued operation
of the weaphianduwirayhstrasulme wyydoom titia tfetbenvvpsaponC[O005]8ell-pofveredredeapons may
be more poriale 68, JAMWEIN.QLMRRIS Man cXieRA 'é/é@g%%ﬁﬂa‘ﬁ’%ﬂa%ﬁtgﬁ%%ﬁﬁea.

externally-powered Wweapons may have operating mechanisms driven by actuators that do not rely on
the firing fOrEEEHRIRE WEAPORTOOUBIOE AV ENRISHRE AeteRs vEmbmepstem By RWSYdiltluding
remotely-gepeoliednvaapomitdrrets, 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 WO
2010/0829MBAT T/1JSZRRL6bAdGTariee@urspyish Areqer ey akiyameuntetcinibagun system.

Conventional self-powered weapons may periadically encounter malfunctions that require human
terventiOh AT ST B RN G AT oG SR e hurman may be
exposed tocdangef fgendammyfivecdB880i [Conweitionattsdfepowersd vieapeismidynsegure an initial,

manual oGRS RS el ARG NG ARITUIIRD e AT R ey ess

reliable because of depen on success ring of the cartr mmunition ma?’dnctions may
often needhtscvaaHEduARPeRsaret tsaforertmrolgespo o tbesrieaunetdah Adtitioradissrthese maimed

Weapons gy, [Rey h@ﬁi@&{@oﬂgiw@%ﬁﬁtt&éag‘e#ﬂamawé,m&{}ﬂimﬁggQ@C{uyy@eaﬁfﬁsﬁ in

conventional RWS applications. The remote actuation may require complex mechanisms and high
powered B RRRI RN ESA SBIENBHO THE feBePis! pretideranthfalrss &Tuesishing and timing
of the safe/aralsbvitchand:ihe tHagehmayrMpage amifnmansediEdenenRW sesighers and the
systems they produce. Als se weapons may be mounted using loose quick-release pins, which
may affecwég%%%@ﬁ%%oﬁﬁpr%%’%%é% TSR 2o r AP SRR 008 Other
RWS designasnsydiserexistiveg;welapd o theb g rehnot self-giwetiedwbiionn paefmthaichand, the

weapons that are.not self-Howered ma a%g 6prov.ide the low inertial properties that may be required.

aCICTISTiCS, SUCH as accuracy an TSIO1, . . .
Further, RWé esIgns using conventiona se]i’f?powered weapons may not be immediately compatible

with a variety of types of ammunition that produce significantly different impulse levels when fired.

Additio”a'tbfeﬁ%}ws designs, wsing RIhe 6l ROVErSsh R eI NAGROWRIES WEARONT @y not be

capable of being rapidly reloaded either remotely or robotically. For example, a conventional RWS
may use & Hinibeitiatd dah waTboMt At ta e RWEPSTFGERG rea b et RiAYEZiHE loMidAcrEals ammunition
to the weapgpeiissaahuig, Neitheraf these-caovetianakanpioashes@ewstheHsgf multiple

ammunition types of a given caliber, or is capaple of the unmanned reloading and malfunction clearing
required OFFBBBYESMbRS ARRICAIHCOBBtE N ARTAVEEt AeaneV S AP BEFR tired to have a
quick-dismauntfeaguifcanly different impulse levels when fired. Additionally, RWS designs using

cither self-powered or externally-powered weapons may not be capable of being rapidly
reloaded either remotely or robotically. For example, a conventional RWS may use an
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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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 y&%gzrdﬂglgga%ic platform.
Thus, convehHHY S may not be suitable for most robotic applications i
2010/082973PCT/US2009/065416 because operation of the conventional RWS may require an
on-the-spshumapreoperabthT trene oot R APpeativayimay nclhersntidrerprPprieement of gun
turrets atyfor example, readplacks, ohendobRlic ABM s tiat-RER [ampielycentpliethbyca human

operator. [0010]Robotic devices may be commonly used in police and military applications. Systems
for mountiersfirskenss emrebencrépoties deises FROEIBSeRtvE Bp & JUASHAEEEEE above, these
systems for mounting firearms on robotic devices are designed to utilize conventional self-powered
weapons. In particular, the weapon, such as a conventional semiautomatic shotgun or an M4 assault
rifle, is reFiBHbly moﬁﬁ@@%%‘@%&@?ﬁbe SRIEHchi) RYLeE AT I%%\]/?g agéﬁﬁ%lﬁﬂﬁelessly control
actuatinggpachamsmsthad peréarmsthe dypicabolitedt dear linteface dsittmsdsashiasusetdasing the
weapon safety switch and pulling the trigger. [00]1]Such caonventional systems for mounting firearms
on roboti@#&\ "'gggsﬁﬁgﬁtﬁ’ggg’ §é‘\g'@@eurré$%$g§v agcgﬁs. Aﬁbg(ﬁér%vggﬁa Fsca?ﬁlgﬁﬂgt?o‘ggﬁzg device, remove the
firearm froon theimmalstifigosysteicapohstiizeatheufire dinvagaimsstiek contolienbéthbseobotic device

andor friendly farces, Alsg, seinowered ieapons end a,periogisally sxperienge malfunctions, such

as misfires. q}ée_se ma@mctlons require human interaction and may place the user in a potentially fatal
situation. ©rythEashyertioRdbsystaThiay iigkssie chaEM ar e ie 3 Bsh MY HE PREABtons taken by

a user to garrect Malfunclionsrgithrrisassuthe crRRah A vl akilyofdee, weagomdecreases due to

the dependence on successful cartridge ignition for mechanical operation. In addition, the placement
of a conv@Hﬁ%&PW&%ﬁ?@] 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 roboti¢c device. [0012]The use of conventional self-powered weapons in robotic
devices iyt the OBSRASHAPESRHSTAIEE b B HHER OO0 LI A0S 16 Tt

HEAPEE YOBSHE SY<tem i€ S the tehded roles of
the individuedierpons:thatamenountediintikaeldeviass: ddvatdis;canosethmbeohodsethiplace an

accurate, semi-automatic agsaylt or, sniper rifle on the robot, o ly-AUIMALIG . SUppLgssive fire
machine él’b"r%‘ %hn%g§t8g6€ | zi%lﬁzo E %r}gaﬁén r?%d)}ngﬂ?% %%?\1/% %?)fighlnten(?éd rcﬁg. But, because of the
limited firifrgendte foptions led.coHventiondvepporisndie peifsetibnegsisayeiaaliiestigteduced if the

firing rate epd SHRHACAO0 AHRRIOR COIREh AR SIMMARY, Ofi s INYENTION
[0013]Embodiments of the present invention seek to provide a reciprocally-cycled,
potentialty fatal situation. Or, the conventional system may use mechanical devices that

simulate the actions taken by a user to correct malfunctions. In either case, the combat
availability of the weapon decreases due to the dependence on successful cartridge ignition
for mechanical operation. 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.

[6612] 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 rifie 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.



externally-powered weapon, and a method of operation of the weapon. [0014]Another embodiment of
the present invention seeks to provide a reciprocally- cycled, externally-powered weapon that
overcomes one or more of the problems of conventional externally-powered weapons. [0015]One
aspect of the present invention seeks to provide a reciprocally-cycled, externally-powered weapon,
comprising: a rotative driver connected to one end of a crank; a connecting rod connected at a first
end to another end of the crank; a weapon operating group subassembly connected to a second end

of the cQ CHRRA9E aRs-a1REBRIniie weapon operating group subassembly being disposed in the
receiver.(F(’I){gm]The weapon may comprise a translating rack and a stationary rack, and a pinion in

meshind0ehghgementwhedimetransiht micraekinrantes seelishargvider rrHerpraibyrevidydbe operably
connectgd g dfie serond 800k IRCORRRRING sk EI Kanslaingdack 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

maximumoseeed. The WRRRQNBPEHAERCIIAY PreshassRMY Beaksnchideidefiringipifcsupassembly and
an energy generator for the firing pin subassembly. A minimum amount OL nergy generated by the
energy aé??%‘ia‘f&eﬁ‘?aﬁ}}b%omﬁ@ﬁé%ﬁ‘é’ﬁllélﬁh%"ﬁ%?ﬁ&‘rﬁ‘fi8Hes?{é88r%fg?ﬁﬁedﬁ8 ﬁm@%&%@ﬂ%&embw.
[0017a]éx furibry-aspeeiOkthpdquesent invention seeks to provide 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

generatpifif]the firinQipinspebasSemplysavhereiniamsirintorpamdant ot pnerglygenkedated by the
energy generator is independent of a translationts[ eeaq.of the oget(%tpq) roun gybgls,%%mbly.

(00 LB DS REr S e Brs 5L RUEhHon SLA (y RroiIn & hoiRoa. camr g
connecting rod connected at a first end to another end of the crank; a weapon operating group
subassembly connected to a second end of the connecting rod; and a receiver, the weapon

operating group subassembly being disposed in the receiver,

[0016] The weapon may comprise a translating rack and a stationary rack, and a pinion in
meshing engagement with the translating rack and the stationary rack. The pinion may be
operably conmected 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.

[0017a] A forther aspect of the present invention seeks to provide 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.



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. [0019]The invention will be better understood, and further objects,
features, and WO 2010/082973PCT/1JS2009/065416 advantages thereof will become more

appare the follpwing description of the preferred embodiments, taken,in conjunction with the
oML it B R LSBT RN TOR GBI AN DORUe e s, which
are not peredsw iy toiscald)ikecbricortespdoding pedts eapoderotpd byl iike dmgoirespanpaing
reference AUMEIAIS (QRRARIG S & !?(?%%%ee‘f{&’gf%'QFaME%WaPISO@%rEBIé?QQﬁ@%@‘t&lxﬁc{ﬁé}é&fﬂga"V'CVC_'ed’
d t ight’side, and left side

externally-operated weapon. [0022]Figs. 2A, B, C, and D are perspective front, right’
views, réspacasscstay Jpbearieny group! agbessegpigrey 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 mnvention will be better understood, and further objects, features, and
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[0023]Figs. 3A and 3B arc 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]Fig. 4 is a perspective view of a firing pin

subassembly 14. L 5]Fig. 5A is a partial side view, partially cut-away, al;}% j is.a partial top
view, in secéi)é,zg gc})gv%‘lzr%lg a first position of the weapon of Fig. 1. [0026]Fig. ﬁ’%ﬂg%g?%ﬁ)side view,

partially cut-away, and Fig. 68 is a partial top view, in section, showing a second position of the
weapon cidmgtaecfobeHiyily herompaaralssriscpcipp daaniavnadebyriaHem§ s is a partial top

view, in sgelion. SeRWiRgHALRIrdRestieh- i e WeARARfEignphnlAN281EENSA is a partial side view,
partially cut-away, and Fig. 88 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. 98 is a partial top view, in

section, spRYiRgE SEtR PasORION! thee weepanofEig. 1.
10020} In the drawings, which are not necessarily to scale, like or corresponding parts
are
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 arc 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] Fig. 4 is a perspective view of a firing pin subassembly 14.

{0025] Fig. 5A is a partial side view, partially cut-away, and Fig. 5B is a partial top

view, in scction, 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 1s 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 scventh position of the weapon of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0032] Fig ! 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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[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, a&‘? F%ct%@é%é? a partial top view, in section, showing a seventp &9&}8@!&% weapon of
Fig. 1. DET Pe RIPTION OF THE PREFERRED EMBODIMENTS [0032]Fig 1 is a

perspective side view of one -mbodiment of a reciprocﬁa;gil-céycled, externally-operated weapon 1.
Weapon $w#iapbelestaenaiSupsiie ret By Loathuvioar s ofiseh Hdsdmpetins atdeaiBEe 4 may be

included, it BegEER: R0 PERALRIE-LAMPLARLON aSxaiiitegirlpait Dheataha hiaters may be
selected from many types of motors, including, for WO 2010/082973PCT111S20091065416 example,

electric, FRERARAEPIIEATIPESRHBHAIOA XAtPBhk R (58 HoRYNTHAP eSS i ver for motor
3 is exteraghdpdwaapedudis briembhitoneapaniltneany thattidmotondaaasinot depend on the
operation of weapon 1 for its power. For example, motor 3 does not depend on products of combustion
or recoil that may be produced by weapon 1. [0033]As shown in Fig. 1, weapon | may include a barrel
extensiona@3a barrel 28 shorecaiMei 2} avdgitsidegoineh @ adbieftisidstoverd 23 dadeh Hait of tubes 19

mounted i [geeel, B f) HAEKALMAPR pOYdeddAsaisl/RIFBRATYIIR 1 weapon 1.
Weapon ) may include severa subassem lies. The subassemblies may include a drivetrain
subassensigivanZopl it droep ubassiehisiysaindiabediet supEEEEMER WERRCBerating group

subassenybly, may RSlHaeAdbtsHhassRmbY RAd-eL Hiinc, RN SSE MY OQ 3 ERaidrivetrain

subassembly may Provide the energy necessary to cycle the )
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 gjection, and, in some embodiments,
cartridge indexing . The drivetrain subassembly may be seen, for example, in Figs. 5A 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
inciude a motor 3, a gear box 4, a crank 3, 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 (PTQ) cam
pin 17, and a bolt subassembly 12. The bolt carrier 11 may reciprocate in a sliding manner

on a bolt carricr support, such as, for cxample, the tubes 19,

10036] 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

6



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, carfridge case ejection, and, in some embodiments, cartridge rgjl? ' e drivetrain
subassembly%%%? ﬂg%getlgn, for example, in Figs. 5A and 5B. Fig. 5A is a par ifgg%gln(?]e;}?ﬁé%v{, 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 drivetestarsuba8sambiyasiay/diseiotwannotor Icorgtidmdial mormeks,; aresmpEdting rod 6, a

pinion 7, @6%%%%@%%@?%&@%@@’? 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 siggyigws, respgctivelypabaiOpRarRingraratRssHnassemibf e operatag giroup
subassembly may include a bolt carrier |J, gniogléjuides 10, a fran Iating, rack 9, a firing pin
subasseriE A K BN ACSRET TS a tCEIRAG N 16 HPbIET IEHEBTO) cam pin 17,

and a bolt subassembly 12. The bolt carrier 11 may reciprocate in a sliding manner on a bolt carrier

support, s, fore le, the, tubes Q%QOB%H JS. 3A and 3B are auxiliary side,and front views,
rospectvall 5 bot o DRSS R 12
taken alosbptie, ierec8@a8E, of Fig. BB. The bolt subassembly 12 may include a bolt 25, an extractor 26,
an WO 2010/082973PCT/US2009/065416 extractor pin 29, an extractor/ejector spring 32, a

depressible radial ra mer 28, a rammer pin 30, a rammer spring, and an ejector 27. [0037]Fig. 4 is a
perspectiVBWRw of a fifiymstsmshesdamihe 2y crpenflitgphs sodrisoehbn2friyiRERIE a firing pin
33, a firing,pin,RPRABRAM ANH:AJOrRIAN SRHNGRRpEA038LHRE datighsubaasembly foRy inglude a barrel
extension 18 and a barrel 20, as shown, for example, in Fig. 1. ,

11 show, respectively, seven functional positions of weapon 1. In each of Figs. 5-11, the “A”

figure shows a partial side view, partially cut-away, of the weapon 1, and the “B” figure

shows a partial top view, in section, of the weapon 1.

[0040] 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 functional cycle may
begin when the motor 3 transmits torque to the crank § via the output shaft of the gear box 4.
The crank 5 and the output shaft of the gear box 4 may be rigidly coupled using, for example,
a key and keyway, interference fit, friction collar, set screw, or other means. The crank 5
may be pinned to the connecting rod 6 at location 100 (Fig. 5A) using, for example, a
shoulder screw, pin, or other means. The opposite end of the connecting rod 6 may be
coupled to the pinion 7 at location 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



[0039]The functional cycle of the weapon | may be understood by a description of the components of
the weapon 1 as the weapon 1 moves through its functional cycle. Figs. 5- 11 show, respectively,
seven functional positions of weapon 1. In each of Figs. 5-11, the "A" fig artial side view,
partially cut-\gﬁlﬁg},%(}gﬁ%gweapon 1, and the "B" figure shows a partial to?ﬁﬁv&%@cﬁ%ﬁ, of the
weapon 1. [0040]Fig. 5A is a partial side view, partially cut-away, and Fig. 5B is a partial top view, in
section, shdwingkdifiksepenriasotthe The aiier BoERd OmanecnsHetibis yurs ey wegih when the
motor 3 RIS Araue iR isisrank Biadhe.okinuishak ofshaigeatkox 4. The crank 5 and the

output shaft of the gear box 4 may be rigidly coupled using, for example, a key and keyway,
interference fit, friction collar, set screw, or other means. The crank 5 may be pinned to the connecting

rod 6 at lpggdign 100 (Fig. SA)uUsinei{Dsiexarepleatishpuldenssiewd pig, oB atharriebos. The opposite
end of the connecting rod 6 may be coupled.to the pinion 7 at | tjo 2 (Fig. 5B) using,for
example, A°EhJURFE Sy f”ﬂﬁg,aoﬁmo‘?ﬁéjg ﬂ?&%s&fﬁ Vﬁ?ﬁ%’ﬁla# ?’%%?/'E’e#g]e%g | e(%ﬁ?%?éz Sél%)t?(%lfary rack 8
and the tieigslatinghiagk Dulthedy anslatingaok @aayrbe rigicdiyentpdéthtorberolt eeridrell to
thereby move with the bolt carrier 11. [0041 he output maotion o I ier sulting from the
rotation o‘frﬁ%\grlgrt\ p% %ngt ?ﬁ%ﬁgt]%r[{no &lérf(ﬁﬁgﬁgot?ééﬂ c%‘“{ énc% Si%ga&ﬁ%? ?r% c%tjr;[}rggcting rod 6,
along witipdine, ekl meuktipiyig ffagheatded lehbdsreattereshhabessariiidaack 9, the pinion 7,
and the sfafionary saek,8 {NE.IRAGERNGRARREALBRIEAA NS 168 .0l the taldingpinion 7, the

stationary rack 8, and the translating rack 9 may allow for a desirable two-to-one multiplying effect,
comparedWIFERESIE | spiytertedso @R using only a connecting rod WO 2010/082973PCT/U
S2009/065416 and crank linkage arrangement. The pinion guides 10 may constrain the vertical

movement of the pinion 7 as the pinion 7 rotates and translates‘ggﬁwhﬁughte ngleI EOOQZ]Fig. 6A is
a partial Sit&lew, parf4iP e HEBAN HAISIP ER REL MRS RIS TR i SRS Showiig'a second
position ob¢Reppasosy kef hig: didible setend:position oftkgso 6/ dndBBtiltstratesdecucations of
the internal, components of the.weapagn 1 after the.crank.,5 otate nine ¥ degr rom the first
m . : ; T A AR L A

position, §H%%ﬁljljﬁnﬁ?’g?§? B Héldn?clf; %Fé.'/ﬁq\?dt%els %%ﬁ%%%g%el haes%gnfupglsr‘?tc t rgug%out the cycle, the
operatingapxailyr sodidssentotyt ldishe bolt subassembly 12, may be facilitated by the tubes 19. Other

methods may also be used to support the bolt carrier 11 and control the angular position of

the bolt subassembly 12. For example, the receiver 2 may be fabricated with integral features

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 23, 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 mantpulate 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-
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traveled a distance twice that of the distance traveled by the pinion 7 and the end of the connecting
rod 6 connected to the pinion 7. [0043]During translation of the operating group subassembly, the bolt
carrier 11 m be supported by and may slidably reciprocate on two tubes 19. In the illustrated
embodiment; RIB%@ %)r??ay be cylindrical in shape. Translation of the bo|{’§[5f}§§£%%%?§/ f2 as well as
angular position control of the bolt subassembly 12, may be facilitated by the tubes 19. Other methods
may also tseuisen tosupibiog. te el taopnie:- £t Snwc@mughme,aaingﬂtart@@sisi@nsgi thehbolt

subasserifyfs FOLeXATIBIe DR JESRINEL2 BB SREAIRIING liogERl Salures that support he

bolt carrier 11 and control the angular position of the bolt subassembly 12. [0044]At this point in the
cycle, thedBbRusssamibchraterosy Boivherd i sehie doamptnestieriethe thaskh the

ammunition gyppy E'fﬁ@%ﬁl&é@t%m@cﬁ%%h@%ﬂ%%iéﬁ oy dadhe chambeg eldhe barrel 20.

Stripping of cartrl 2 ma;?/ be accomplished by means of the depressible radial rammer 28, which
may pivotaB&h %‘?&Hﬁiﬁﬁ% “in 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

f ft 004 din arti tion, th I
o may nQDL mechan AT ITRED 3A0TRH o rBIAL Sy Y LAt Bt 32, W CH /B riguly
coupled tadie dolt foarnet tdnfkigoR A tHeamexamp leptihebEGecdrty pintiktmadpenjagehawoam slot in a
feed cover, destongd, i manipplate ;2 Iipked el ofammunliiondenen Ashese wpicalhyiagd in the

M249 and | M 0 machine gu s) or the PTO cam pin 17 may engag acylln rical cam that indexes a
feed sprotieriBudh wstinbsthese iheheik Me3toRothan Snemd Wtamhtié heapon) tha other

embodimepis, {6, ARy BMRHRR %W&ﬁ#ﬁ%@eﬁ@&a PAWIRALA AR $20Q6pH16

regulating/controlling, such as a spring stacked magazine, similar to those used in the M16/M4

series of Aol THEESCIRSE: S RIS aldiobRll sHEGthEr LRt trsadinthed s Supply
mechanisgs.Raye Lmia@dv&@rtﬁ@rﬁ@;fbaqumﬁmawmg the-trackadrifig 23 Ysmayybe utilized for

securing nltlons Iy 'or ontr I|n resented cartridge [0046]Further crank 5
otation HEFOREE D BOoH o e AR ST BCh TR FAH i STalon of the
Opel’atlngtgbemE)%L(bﬁ&‘sﬂmbkyfﬁ!hdlﬁﬁaﬁﬂlm pbsﬁrcgmshpwhmn Blgﬁewaﬁﬂaaz&nﬁjgz 7Adsa partial side

view, partjall cut d 7B is.a view, in section s t%nr osmon of the
weapon ﬂ Or%gr 3 ?;}E)O%% REt am@é (?)ca |§g%a§§d|sc aé%mp ransla |on §6f the bolt

subasseniBlMlZCbelaSB‘sq Iﬁfullfnibiédschltesutmésémmym@@hoﬂaﬁh@betﬂmftolme bolt carrier 1.1. This
rotation of the bolt subassembly 12 relative to the bolt carrier 11 is possible only after the cartridge 22
is fully chambered and the front 104 (Fig. 2A) of the bolt subassembly 12 clears the front 112 of the
tubes 19. O/EE clear oftribitumsey. 1o¢ farighbPosibien BrkhelBorssifsassaimemiaorngino longer

restricted, EB&ME&%QMQ%I(E& ﬁC)A@%Yc%‘&Q&%a@s@ﬁ'ElyS@r%@a@eﬁ‘ ﬁk@l&%&%@ﬂiﬁc&lawhmh In
turns faC|I|tates the intended rotation of the balt subassembly 12. [ OO47JAt this gomt the front of the

bolt subaég%l:f%tly %v%%ggemﬁ%pgﬁqm%}ﬂ%ﬁmg surfaces of the barrel exfension 18, This

process, commonly referred to as bolt locking, supports the firing event of the cartridge 22
and decouples the reaction forces associated with the firing event from the other components

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 1gnition 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.



pocket of the barrel extension 18. As the bolt subassembly 12 rotates, the locking surfaces of the bolt
25 overlap the corresponding locking surfaces of the barrel extension 18. This process, commonly
referred to as bolt locking, supports the firing event of the cartridge 22 a H@l §5g]g:- reaction
forces assoc‘f&é&l%?ﬁ%%ge firing event from the other components of thengpc)(éira ing grbup subassembly
and the drivetrain subassembly. [0048]While the bolt subassembly 12 is no longer moving forward, the

bolt carriép¥P]s still uAddrigaiagforierevetantiagingtor Ré rBiataBmrl Ene At befrieritte bolt
subassemplyrlrandboli-cariar Lialawsihe fifhgprndrvespingdorou they eemaress. Further

compression of the firing pin drivespring 15 generates the potential energy necessary to propel the
firing pin 3eRYESBRAEIREDE PERA AT AHASSHEEGARISH SF TRACAHRQGE 12 52 R DAL 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 ciunidge 22. WO
20101082973PCT/US2009/065416 [0049]At this point in the cycle, the ejector 27 (Figs. 3B and C) is
fully depreEssd and fulther aomppessesitre extraaitpiéjentonspyirg@Rigl KB xnsctod 2% has also
rotated about the extractor pin 29 untj| the extractor 26 sits qverthe rim o, the cartridge 22.
00501F g B i o e T Sl e B L R o
showing aftherthy@estiobotfstieswanpon A ek Bignilctedtite danidr position dhtHewdyite, the bolt

Subasse”;l?}%acttﬁ% pas.compistad Hal?%qgége&%lqaosm Ipeking.sufacgs.ofdha belbRasawe fully

engaged with those of the barrel extension 18. As soon as the bolt subassembly 12 reaches its fully
rotated anglicekewreoRirida, rashss 1oduibigsian arésdsythpeid iar SiahHBAIHES becBrhdSlaligned

with an engagingfeatyiadil0{bigsn28 And ) winthe ding Rinaa. & hedinng pin subagsembly 14 is
thereby free to move forward a distance equal to the I(z%%th L érl%o 3C) of the shot 08 in the rear of the
iR 4

bolt 25. [(B8 TFiHePBrivardin SVEMBRYP RS Mhg Hifs TESVRFRE BSHERBEL is powered
by the poteytiphemengysiarasiin 3 g sin thivespirng:16f edling. pin drivespring 15 extends
from its compressed state to generate the velocity and associated kinetic energy of the firing pin
subassembly 14 that is necessary for successful ignition of cartridge 22. The moment when the slot
108 in thef@ear]of the bitle26rbecbmes akighetitvithrthepsn gagissgriddrure a0 tba diseetieing ipin 33 is
analogous, 19, :puling, e BaaTs.an.0 WeaPANINahASAHIIR, ALhaL fiomsRY, A event has been
triggered %ﬁgfcv%%. tr)(gs%?tzf?] %ﬁé&%ﬁ%g' In %3 Egrng prop Sﬁed forward %owérd the prlrIr?éQr of the cartridge
22, with tivetistenneflfirritende TantritremeIqoes sirtifogsne dphaistordy ordpspifety cut-away, and
Fig. 9B is g RAMIAQR of the firing pin subassembly 14 that is necessary for successful ignition of

cartridge 22. The moment when the stot 108 in the rear of the bolt 25 becomes aligned with

the engaging feature 110 on the firing pin 33 is analogous to “pulling the trigger” on a

weapon that has a trigger. At that moment, an ¢vent has been triggered that will result in the

firing pin 33 being propelied forward toward the primer of the cartridge 22, with the intent of

firing the cartridge 22.

[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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view, in section, showing a fifth position of the weapon | of Fig. 1. The Fifth position represents the end
of the countcrrecoil portion of the cycle and the beginning of the recoil portion of the cycle. The
operating group and drivetrain subassemblies have zero instantaneous v. i thi int. Firing of
the cartridgeW RLORZR SN place at or slightly before this position, depen ié%%%?ﬁégé%ggen 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 dubegsembl/a4diasitraviistat foreit adenseey rRertivetdHEpBR CObESSERY 12, equal
fo the lengl gf e 108N s seaRkine aha s lsfagcespermis the fiing pin WO
2010/082973PCT/US2009/065416 drivespring 15 to generate sufficient velocity and energy such that
the firing event is initiated when the tip of the firing pin 33 strikes the primer of the cartridge 22.
[0053]Suggessful ignitigneafsite carthislosr2r.isderendent aplyaanihm Assoaiatedovriedity and kinetic
energy of the firing pin subassemu%y 14 and does not rel%on an generate momentum associated

with the rESOGHEOSBSHRRGBUY BibELLE RiBITH BRR R’(W&@{E) AefcHé B héMovement of any
other compasans abihaapesstthgduiisilassanbly ipdmpngtanubechusertbey d8bighdf the firing

mechanista, i coplunction with, he. APl (ovary dhe s of e nalryd aligys for infinite
adjustmeﬁ g?lfﬁfé il egOPa & FREmmimum-amount 1(ﬂ‘penergy produ?:eé b)gﬁweuﬁ)ring pin energy

generatoryulvinighriblihie ifirngtpintdfivespiingdizinohibalistlgsectkanbsodimernjungichevitiddgendent of
the ranslafiginSRed ofIeaRSAbHGIRD shiRasRembbiR aKIRN M AR AUCeRRshd ignition

of cartridge 22. Thus, ring rate may be infinitely adjusted rom zero rounds per minute up to the
designed misthamiealoimieftrnsrsyimekiveg heloniineccracnersesairRinyhaeh s thiaS B minute or

greater. [QAS4IARGHE: advaniagr i dhedndsmandenss, dthrdingpinenrraymgrashaigitrom the

momentum associated with the rest of the operating group subassemply is, for example, when weapon
1 must béefi FB%I%%EE&r%@’%é“ﬁé%@?t@@pﬁagﬁé%bﬁﬂF?ﬁFﬁ%ﬁgf’Tﬁsﬁ%1 SO ABGETHERE of the
operating gy oupSURRSEeB it Ay BevefiseledteatiticiaacutacofiiveaponnlitdBi rdheminimum
energy available from the firing pin drivespring 15 will result in successtul ignition of cartridge 22
regardles eéf%eed%%éﬁ%?#@gé?ﬁ%oﬁcgﬁﬁlpo e%r?‘is %Sirlntéﬁgiﬁgcrtﬁ%esg‘f)%?a g geréﬂ%ugé%%%rsembly.
Thereforepmthetopegating . group subassembly may be positioned such that the slot 108 in the rear of the
bolt 25 is very nearly aligned with the engaging feature 110 on the firing pin 33. Then, the weapon 1
may be aimed. When ready to fire, the bolt carrier 11 may be very slowly advanced only the miniscule
amount née¥sHary to complstedutatins of theibdipeubrassenibl/MMa R SHGHEIHECRIGHA0S of the bolt 25

with the epgaging featuiehiQeEiResfing AInE3 WhephesloLiNg ofthebeli?l isaligned with the

engaging feature 110 of the firing pin 33, the firing pin subassembly 14 is driven forward and the

weapon 1FHEaD!fh ‘ﬁh%ﬂﬁﬁ’ﬁﬁﬁéﬂdﬁWﬁ%@%&?%\"%e\/@éQﬁéﬁbietﬁ%ﬁ?ﬁ%%@%ﬁ%%ﬁ%)}%ovement of
the compepanrisavithincwearant fambeBibipinedsioabblAradditennl Henetitofuvaapen 1 is that

the designed overtravel in the bolt carrier 11, in combinatiop with the control af the release of the firing
oin subasSEBELA b BT ST SECATE SOB OGRS 1 UHd A TISHEBE A 6 the bol
subassembiyiii 2 altowssiot adivenoédagnitier? dt¢hedastridfgbe2P e atihe tohthredofooantier 11

Cven thau e R T et BB B o L E i ar e e e lows for
additionaltogktimesivitivd bolh 25:toihelptrifigatdheeagfifébediothe Trhrndtigecady wiebdrail be
problematig for certain.cARYEHARah S XS RN REUAIGH MEARQRMEEIRNIEMSned. When

ready to fire, the bolt carrier 11 may be very slowly advanced only the nuniscule amount

necessary to complete rotation of the bolt subassembly 12 and align the slot 108 of the bolt

25 with the engaging feature 110 of the firing pin 33. When the slot 108 of the bolt 25 is

aligned with the engaging feature 110 of the firing pin 33, the firing pin subassembly 14 is

driven forward and the weapon 1 fires, In this manner, any inaccuracy of the weapon 1 that

may be caused by movement of the components within weapon 1 may be minimized.

[00655] 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 subassembiy 14 by
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[0056]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 1 of Fig. |. The sixth position illustrates a position early in the
recoil portion of the cycle when the bolt carrier 11 begins moving to the r thi int, the bolt
subassemblV?f{léof?g%v& translating, but is undergoing rotation via the &%{Tﬁ%mﬁgfr‘fg % 1,$to unlock itself

from the barrel extension 18. At the same time, the bolt carrier 11 is already moving rearward, and a
shoulder tht4u(Eidpradyiintenfihed thics b ohithe 1Boit learvitar 2dvepepsyesitins fififliy HitHéee 34, thereby

retracting g SONE (11A0 &4 ShessP R, IOIELISIRSSH R Elie-aln subasseesly 14 for the

next cycle. [0057]While the bolt subassembly 12 undergoes the process of unlocking, the firing pin 33

is being ratilerds helh? #is Bidy 1omeA e kekediar Bthds heletisngiid 381988t S%vith the bolt

subasserphlyile RRdratales sentive-ia-tie firngrainkase 3¢ rigidiotiadiingriaiohasedt is only
able to translate (and not rotate) within the bolt cgrrier 1]6% After the grigrg Ein 33 clears the slot in the
bA8 ER

rear of thebit9H THELHFAGREBFIY 95 SRS sedet tHEAY IETRE ORyiF A4 hgular position,

relative ta:thediingapir hasel 34catthebegnningfthecycle. 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 operafifig@iroup subass$emily. {0658} dervieghoettitity ¢nieukingaprotiess Ut the bt ibassembly

12, the eieclar p7.(i05. JRand Curamatiadyly samareszadaph e exliaciansGaglates about the
Idg n embodi

rim case Sﬁﬁé cartlidge 22. Incertal bodiments with particular ammunition handling mechanisms,
it is also pHusitiesthactitoPFOCEnthpirraor! Prijietat iy sHgagd el tmber BsahhfiEfiion indexing

mechani%ﬁﬁécmnp}ége AKEMERE ARd e SeRalian Rf suRspayent-satigges s WO _
2010/082973PCTAIS2009/065416 [0059]Fig. 11A is a partial side view, partially cut-ayay, and Fig.

I1B is a pAPGSTEORSTIAT sétthsh Lhetmimial devertle podittorthe REEREH 818451 ~The seventh
position illystsatesteiectinef therrmptyscasadf eattidgenrard fierithehbaltisu basaEmIp)1 2 is fully
unlocked and begins its movement rearward, the extractor. 26 (Figs. 3A- lIs the empty case of
cartridge ﬂeﬁbai%fﬁgec H{\;éé% ?Iifec‘rﬂgﬁreﬁ&%aﬁgsﬁrg V%ﬁ%@}%@ﬁ?ﬁ%ﬁgﬁ%’ﬁfg&%ﬁ gfgtgeor spring 32
pushes thengjeditn@pinutinfsthmbhceoithedoott 25 curitd finmgnotionbesttrebdjettdr2daistopped by the
rear surfagec%f the depressible radial rammer 28. As the ejector 27 moves out of the face of bolt 25, it
imparts an%mpulsive force on the head of the empty case of cartridge 22. This impulsive force causes
the case of cartridge 22 to rotate about the extractor 26 until there is no Longer any surface contact, at

which poingfbe case ofgaiiligae g2 JSRIQRRIRH AWAYFIOM the Jresiver nlQQoRlIRHsaRg,

embodiments using certain types of ammunition handling mechanisms, as the operating group

subassenibily33ds ssina srriariedsiam gusisd 88 th é“%é%r’%ﬁ%%@ﬂ*b?ﬁ S BERSRB RS R rammer 28

rotates inwayid:abest heJammBer pinR:iewardsdhe axisofithe baltaks Thisigctinmis ikiended and
may be advantageous if the cartridge 22 that is moving inta the feed positiqn for the next.cycle
interferes MRt 4e>pato e eptesy ﬁ?@%ﬁf@géﬂ’é Ii%ﬁ‘i%ﬁ% H’l%’re% § fgﬁ%eﬁgrluld%fé?&%eegﬂﬁl ition.

Once the ggrestiblethadial iamhmen?2sf i éladtdSeturntddtssponzdépresse depositoimiseraimmer spring

may provige (16 Nece S PSRN 0reS

ative 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 unlecking 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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[0061]White 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 s'%jrit and scope of the invention as defined in the appended claims, and

equivalents heEsy 59r7éxample, a drivetrain subassembly may include SConRee |/r(1)85’£r1‘c1)% that is

directly connected to the operating group subassembly, without the use of a pinion, stationary rack, or
translatin¢0f&ek. In thaFgadd Atheagratikiofde drivetraiti dbbagserlyid i gdd Snde ipriiiddéoa pinion and

a stationary [agk Ay Negd im0 UCRR3IANAASTYAE GLaRK:e! 1Bt .RQWE%QW#&Q@@QS” to

produce the same amount of resultant operating group subassembly translation. WHAT IS CLAIMED

IS: 1 A retliprsetneiegiretoidleemaly sactered , Lo PRB svatstivBlaAves BBRhected to one
end of a graRkkaIGRANRENINg:ler.conRecianhata, firstendde annthigs end.of thaciianknpty a weapon

operating group subassembly connected to a second end of the connecting rod; and a receiver, the
weapon JREF AN GO < UBXRLEH RS Hepa8Ey I taGRERN Y SRR H%bon of claim 1,
wherein thesaintivg ey eproompriashes motyctdr Theunepem:of ofatre tolfshentdalrprising a
translating rack ang a stationary rack, and g pinion in.meshi ngagement.with the translating rack
and the S?Hﬂgﬂ%ﬂ? aé%%,eﬁ%%‘ %?n?%ﬁt%jéjlﬁgg%gp%garﬁ@ %%ﬁﬁﬁg&@@%ﬂ%sggagﬁaéﬁa% fe“Connecting rod,
the translatirterajektedIgrapesainlyof dnnigcted ol vieapontoperapniigediopsvubdksbeably, and the

Staﬂonaryog]} K OEg ded o g decav e IR NeRROD AL Slalfl € Whe G PeRdOf the motor

infinitely adjusta etween zero Spee I'a’ maximum speed. The weapon of claim 3, wherein
the weapepiaipebatingigestipesuysaerhibisrere e bngchamy carfrse fivateh the/kishsrithti¢ack, a firing

pin subassemply. dispgsed [0 fhebell satietoanthePallsubassembly disposed in the bolt carrier.

[0060] In some embodiments using certain types of ammunition handling
mechanisms, as the operating group subassembly passes from the sixth position to the
seventh position, the depressible radial rammer 28 rotates inward about the rammer pin 30
towards the axis of the bolt 25. This action is intended and may be advantageous if the
cartridge 22 that is moving into the feed position for the next cycle interferes with the path
swept by the depressible radial rammer 28, in its non-depressed position. Once the
depressible radial rammer 28 is free to return to its non-depressed position, a rammer spring

may provide the necessary restoring force.

[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 casg, 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 ! shown in the Figs., to produce the same

amount of resultant operating group subassembly franslation.
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6. The weapon of claim 5, further comprising a bolt carrier support fixed to the receiver, the bolt carrier
being slideablc 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 Wﬁﬁ rein a
minimum arw&ﬂltlfyf%ﬁagy produced by the energy generator is indepetrgge{\ oF?%%gégﬁation speed of

the weapon operating group subassembly. 8. The weapon of claim 7, wherein the energy generator
compriseWalAdng pihARMEBDNg disposed in the bolt carrier. WO 2010/082973PCT/ITS2009/065416

9. The waaRqalai &, WHe IS bl CaIEk SyRROKSaMRIses a palr of tubes. 10, The weapon

of claim 5, wherein the balt subassembly is rotatable with respect to the bolt carrier. 11. The weapon
of claim 10, whérgiiine dbresemassih it et ad8kand the firing pin subassembly includes a

firing pin, the boltpgipgHiataNenniticesnesttaiaadisinghrinend 3f flbemgapon of claim 11, wherein
the bolt includes a rearward end having a slot f(ﬁ ied ther_ei(g and theéirin 0|a%j51include%.an engaging
member for engalyiG HERIBRAR HORCISCHARY KRELSER ORI 1S SWhetdis the fifingpin

subassemblysfi€ludes 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 subass ly.inchid rﬁig% ing for applying
, - : s ! > .

a rotative force 85%%‘&%%‘351’8@&%9 e g%do%‘ 8#% gsl%nek fairt eggjsgggne%r{lsmg a%[glt cam pin that
engages the bolt and a slot in the bolt carrier.

2. The weapon of claim 1, wherein the rotative driver comprises a motor.

3. The weapon of claim 1, further comprising a translating rack and a stationary rack, and a
pinion in meshing cngagement with the translating rack and the stationary rack, the pinion
being operably connected to the second end of the connecting rod, the translating rack being
operably connected to the weapon operating group subassembly, and the stationary rack

being fixed to the receiver.

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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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 4n3D ENErgy generator for the firing pin subassembly whesgi@4pgimum amount
of energy g %%2&%’8 %y 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
drivesprifig THSwHReweipom St SAmsLEh o enTiFTe BHYAGAG RSt SaB L8Ry includes a bolt
carrier and a bolt subassembly, the firing pin subassembly and the bolt subassembly being disposed in
the bolt carrier. WO 2010/082973PCT/US2009/065416 19, The weapon of clairrt1 %%é\é/q?rein the bolt
subasserbIJhs veananrf Girirréspheris i’P‘F‘ebBHIPWS’F?bWSﬁ%t%i% R BPRESIP 1% Wherein the

firing pin gyhassembly includes a firing pin and the bolt subassembly includes a bolt, and further
wherein the bolt is rotatable 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 connettediassieoéntiiof Hicraindinahisboperhbbyeraipla et dobranihbyrowg subassembly of

the Weaps?ur‘g);ags%gnbly includes a firing pin, the bolt being rotatable with respect to the firing pin.

12. The weapon of claim 11, wherein the bolt includes a rearward end having a slot formed

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 pm.

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

stot in 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 gencrator 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.

13



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 rat iring is, infinitely
adjustable. by %‘H%’Wgﬂ%od of claim 21, wherein the operating group sul:%‘g{ggr%%%éﬁiﬁgﬁ%es a bolt
carrier and a bolt subassembly, the method further comprising rotating the bolt subassembly with
respect td thBHootcapenief, GanT b whstsiutest eodimmsdmdiomraiederdthgmshie dibassembly
further coupprises.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.

20. The weapon of claim 18, wherein the firing pin subassembly includes a firing pin and the
bolt subassembly includes a bolt, and further wherein the bolt is rotatable 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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