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ABSTRACT

A firearm including a bolt for securing a barrel such that the
barrel attaches to a receiver with increased repeatability at the
same location. The bolt included a tapered end and may also
include a threaded section. The receiver comprises a barrel
attachment feature which allows the bolt to pass through and
can also include threads for engaging the bolt. The barrel
comprises a beveled recess for engaging the tapered end of the
bolt. The angle of the tapered end and the beveled recess are
approximately reciprocal. The bolt passes through the
receiver and its tapered end engages the beveled recess to
secure the barrel to the receiver.
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FIREARM
RELATED APPLICATIONS

0001. This utility application is a divisional of and claims
priority to U.S. patent application Ser. No. 11/055,580 filed
Feb. 10, 2005, entitled FIREARM, which claims the benefit

of U.S. Provisional Application No. 60/544,586, filed Feb.
13, 2004, entitled IMPROVED FIREARM, and also claims

the benefit of U.S. patent application Ser. No. 10/911,963,
filed Aug. 4, 2004, entitled MULTI-CALIBERAMBIDEX
TROUSLY CONTROLLABLE FIREARM, all of which are

hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

0002 The present invention relates to firearms. More spe
cifically, the present invention relates to firearms that can be
quickly configured with a minimum of additional parts to fire
different calibers of ammunition with improved reliability in
harsh environmental and firing conditions.
0003 Currently available firearms have many limitations
that can potentially place a user at risk, require long manu
facturing times, or be expensive to produce. For example,
receivers for firearms that include guidance features, such as
internal rails, within a passageway tend to require significant
effort to assemble. Often the rails are first manufactured and

then attached to the receiver through welding or mechanical
fasteners. Alternatively, the receiver is made in halves with
integrally formed rails and then the halves are then welded
together.
0004 Currently available firearms also present serious
safety issues where water is able to fill a barrel or a squib
round is fired and the bullet fails to exit the barrel. In these

situations, the pressures within the chamber may lead to
mechanical failure of the firearm. Often the location of
mechanical failure of the firearm is at or near the location of
the extractor. A mechanical failure at or near the location of
the extractor can render a firearm useless. In a combat situa

tion, a useless firearm places the user at great risk.
0005 Additionally, many currently available firearms that
are used in combat and include a rotating bolt eject a spent
cartridge upward into the air which may signal the location of
the user of the firearm. Thus, the spent cartridge may give
away the position of the user to an enemy during combat.
0006. Some currently available firearms are able to fire
different calibers of cartridges. However, these firearms all
use the same size ejection port for each caliber, which may
lead to problems with ejection. For example, the ejection port
may be too large so that the spent cartridge is ejected in a
random pattern. This random ejection pattern may lead to lost
brass as well as user frustration as the brass may be ejected
rearward into the user of the firearm. Where the ejection port
is functional but slightly too small, the spent cartridge may
fail to entirely eject from the firearm which may raise reli
ability issues.
0007 Similarly, firearms that are able to fire different cali
bers of cartridges use the same ejector in the same location for
all calibers, which can also lead to ejection problems with
certain calibers or entirely prevent a firearm designed to fire
one caliber from firing larger or Smaller cartridges. For
example, the ejector for a firearm designed to fire a 5.56
NATO cartridge may be unable to fire a Springfield 30.06
cartridge because the ejector is disposed too close to the
barrel.
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0008 Currently available firearms for use with multiple
calibers may also be difficult to take apart for cleaning or
modification. Currently available firearms may also require
relatively long periods of time to change from one caliber to
another.

0009. Accordingly, a need exists for a firearm that is reli
able and durable under harsh conditions and is yet inexpen
sive to manufacture and requires a minimum of assembly.
Furthermore, a need exists for a firearm that is able to reliably
extract each round despite fouling and dirt in the receiver.
Additionally, a need exists for a firearm that may be used
reliably with a variety of differently sized cartridges. A need
exists for a firearm that can withstand the pressures within the
chamber that result from water or a bullet within the barrel
without mechanical failure. A need also exists for a firearm

that can eject a spent cartridge in a reliable manner laterally
away from the user and not vertically in the air to give the
user's position away. Accordingly, a need exists for a firearm
that may be quickly changed from firing one caliber to
another.
BRIEF SUMMARY OF THE INVENTION

0010. The present invention has been developed in
response to the present state of the art, and in particular, in
response to the problems and needs in the art that have not yet
been fully solved by currently available firearms. The firearm
of the invention may be used to fire a cartridge that includes a
base. The firearm generally includes a barrel having a cham
ber, a receiver, a bolt supported by the receiver; and a fire
control group. The firearm may also include a firing pin. The
fire control group may include a hammer, trigger, a bolt hold
open device, a disconnect, an auto Sear, and a fire selector/
safety Switch device. The firearm may also include a firingpin
that is guided by the bolt.
0011. In some embodiments, the receiver may be a two
piece receiver that includes a lower receiver containing the
fire control group and an integrally formed upper receiver that
may include a longitudinal axis, a passageway extending
generally parallel to the longitudinal axis, and a guidance
feature extending into the passageway and along the passage
way generally parallel to the longitudinal axis. The guidance
feature may be an internal rail that guides the movement of the
bolt within the upper receiver.
0012. In some configurations, the upper receiver and its
guidance feature and passageway are formed by extrusion.
Additionally, the upper receiver may include a second pas
sage way that is formed as the upper receiver is extruded.
Extrusion permits the formation of multiple features in one
processing step, which can minimize machining and assem
bly time and reduce manufacturing costs. For example, the
upper receiver may be extruded with an accessory rail that
extends parallel to the longitudinal axis. In some configura
tions, the accessory rail may be extruded at the 3, 6, 9, & 12
o'clock positions.
0013 The upper receiver extrusion may be cut to size and
then machined to provide additional features. For example,
the integrally formed upper receiver may include a charging
handle slot that is machined into the upper receiver and the
extruded accessory rail may be machined to provide addi
tional detail and utility to the accessory rail.
0014. The barrel may be attached to the receiver or where
a two piece receiver is used, the barrel may be attached to the
upper receiver. The barrel may include a barrel extension with
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locking features for locking the bolt against the chamber. The
barrel extension may also include a beveled barrel retention
CSS.

0015 For attaching the barrel to the receiver, a barrel
attachment device may be used. The barrel attachment device
may have a threaded section and a tapered end. Additionally,
the angle of the tapered end may be the reciprocal of the angle
of the beveled barrel retention recess. The upper receiver may
include a barrel retention feature that allows the barrel attach

ment device to be disposed in the barrel retention feature. The
barrel retention feature may be threaded to allow the threaded
section of the barrel attachment device to engage the barrel
retention feature so that the tapered end engages the beveled
barrel retention recess to attach the barrel to the upper
receiver.

0016. In some embodiments, the bolt may be connected to
a bolt carrier. The bolt carrier may be supported by the upper
receiver and may be guided by the guidance feature of the
upper receiver. The bolt carrier may include an operating rod
slot that is open at an end of the bolt carrier and a cam slot that
extends from the operating rod slot. The bolt may include a
protrusion that extends from the bolt and into the cam slot so
that the protrusion is movable within the cam slot.
0017. The bolt carrier may also include a safety extension
disposed below the bolt. The safety extension of the bolt
carrier prevents the hammer from Striking the firing pin until
the bolt is fully locked against the chamber. The safety exten
sion may also include an auto trip. The auto trip engages the
auto sear to allow for fully automatic fire of the firearm.
0018. The bolt carrier may also include a forward assist
feature that may be selectively engaged by a forward assist
device of a non-reciprocating charging handle. The forward
assist device of the charging handle is used to selectively
engage the forward assist feature of the bolt carrier to provide
manual locking of the bolt against the chamber.
0019. The bolt may further include a boltface and at least
two lugs for locking the bolt face against the chamber of the
barrel. In some configurations, the lugs of the bolt may be
disposed within the barrel extension and abut the locking
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firearm, which minimizes the ability of an enemy to see the
ejecting spent cartridges and pinpoint the location of the user
of the firearm.

0022. Where the barrel includes a barrel extension that
includes a Support Surface, the extractor further includes an
extractor head. As the bolt is locked within the barrel exten

Sion, the extractor head engages the Support Surface to Sup
port the extractor against the base of a cartridge. Having the
Support Surface directly Support the extractor helps to prevent
mechanical failure of the extractor where abnormally high
pressure occurs in the chamber during the firing of a cartridge.
0023 The bolt may be rotated in a direction along the
shortest distance from the feed lug to the extractor about the
boltface to lock the boltface against the chamber or in other
words, to close the chamber and allow the firearm to be safely
discharge the cartridge. In some configurations of the inven
tion, the bolt may also be rotated counter-clockwise to lock
against the chamber as viewed from the bolt to the barrel.
0024. The direction of bolt rotation can affect the angle of
ejection of spent cartridges from the firearm, as well as the
size and placement of lugs, extractor, and other features of the
bolt. For example, in one embodiment of the invention, the
counter-clockwise rotation of the bolt allows the use of three

large lugs and a large extractor disposed at approximately 20
degrees from the plane about the bolt face.
0025. The protrusion may be connected to the bolt carrier
by an operating rod. Specifically, the operating rod may
include a piston and a foot. The foot of the operating rod is
disposable within the operating rod slot of the bolt carrier to
prevent the bolt from separating from the bolt carrier and to
connect the operating rod to the bolt carrier. More specifi
cally, the foot of the operating rod is seated within the oper
ating rod slot of the bolt carrier, which prevents the protrusion
of the bolt from sliding out of the cam slot of the bolt carrier.
Thus, the bolt is slidably connected to the bolt carrier.
0026. The operating rod may further include an anti
bounce mechanism. As the bolt in some firearms is closed

features of the barrel extension in order to close an end of the

against the chamber, the force is great enough that the bolt
carrier bounces so that the firearm may not function reliably.
The anti-bounce mechanism counteracts this tendency to

chamber with the boltface allowing the firearm to be safely

bounce.

fired.

0027 Disposing the anti-bounce mechanism in the oper
ating rod allows a smallerbolt carrier and bolt to be used in the
firearm, which can result in a lighter and Smaller firearm. In

0020. The bolt may also include an ejector access groove,
a sliding extractor, and a polymer spring that biases the slid
ing extractor against the base of the cartridge to retain the base
of the cartridge against the bolt face. The ejector access
groove permits the bolt to move past an ejector So that the
ejector may dislodge a cartridge from the boltface. A polymer
spring provides the advantage over metal springs that a poly
mer spring may be much smaller, and yet provide the same
force as a larger metal spring. Therefore, a polymer spring
permits smaller assemblies to be used that are not otherwise
possible.
0021 For convenience in describing some features of the
bolt, the bolt includes a plane that extends through the middle
of the boltface and perpendicular to the boltface. The sliding
extractor may be disposed at an angle ranging from about
thirty degrees to about fifteen degrees from the plane extend
ing through the middle of the bolt face. Alternatively, the
sliding extractor may be disposed at an angle ranging from
about twenty-five degrees to about twenty degrees from the
plane extending through the middle of the bolt face. This
positioning of the sliding extractor and the ejector allows a
spent cartridge to be ejected almost horizontally from the

Some embodiments of the invention, the anti-bounce mecha

nism of the operating rod includes a cavity disposed within
the operating rod and one or more weights movable within the
cavity. Specifically, once the bolt closes on the chamber, the
weight moves within the cavity to be stopped at a end of the
cavity. The transfer of energy from the weight to the operating
rod and consequently to the bolt and the bolt carrier counter
acts the bounce to keep the bolt carrier properly positioned
against the chamber.
0028. Where a two part receiver is used, the fire control
group may be connected to the lower receiver of the firearm.
The lower receiver may also include an attachment structure.
The attachment structure is used to attach the lower receiver

to the upper receiver.
0029. The firearm may also include a recoil spring assem
bly disposed proximate the operating rod. In some configu
rations, the recoil spring assembly may be alternatively con
nected to the operating rod, the bolt carrier, the bolt, or the
piston. The recoil spring assembly may include a mating
attachment structure and a disassembly button. The mating
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attachment structure is attached to the attachment structure of

the lower receiver to attach the lower receiver to the upper
receiver. The disassembly button may be actuated to detach
themating attachment structure from the attachment structure
in order to detach the lower receiver from the upper receiver.
The disassembly button may be disposed on a lateral side of
the upper receiver so that the upper receiver may include an
accessory rail that extends the complete length of the upper
receiver.

0030. In some configurations, the ejector of the firearm
may be attachable to the receiver at a plurality of locations.
Having an ejector that is removably attachable to the receiver
at a plurality of locations permits the firearm to accommodate
different cartridge sizes. Specifically, adjusting the position
of the ejector affects how a spent cartridge is ejected from the
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prevent removal of the second bolt from the bolt carrier, and
disposing the second bolt, bolt carrier, and operating rod in
the firearm.

0036. In addition to the components described above, the
firearm may include furniture Such as a hand guard, a butt
stock, and a pistol grip. The handguard may be attached to the
firearm proximate the barrel. The butt stock and pistol grip
may be attached to the receiver or in Some configurations, the
lower receiver. The firearm may also include a feed attach
ment device Such as a magazine well or beltfeed mechanism.
0037. These and other features of the present invention
will become more fully apparent from the following descrip
tion, or may be learned by the practice of the invention as set
forth hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

firearm.

0031. The firearm in some configurations may also
include an ejection buffer attachable to the receiver at a plu
rality of locations. The ejection buffer may be used to adjust
the size of the ejection port of the firearm which also helps to
permit the firearm to accommodate different cartridge sizes.
For example, if the ejection port is too large, the spent car
tridge may eject rearward toward the user of the firearm. If the
ejection port is too small, the spent cartridge will fail to
discharge, causing the firearm to fail.
0032. The invention also includes a method for manufac
turing an integrally formed upper receiver. The method
includes the steps of extruding an upper receiver having a
passageway and a guidance feature disposed in the passage
way, and machining the upper receiver to form a barrel attach
ment feature. Alternatively, the guidance feature may be a slot
that extends out of the passageway, Such as a slot or groove.
During the step of extruding the upper receiver, the upper
receiver may also be extruded to include an accessory rail and
a second passageway that is a gas tube hole.
0033. The method may also include the steps of machining
the accessory rail to provide grooves that extend perpendicu
lar to the length of the accessory rail and machining a charg
ing handle slot and a charging handle access groove into the
upper receiver. Additionally, the method may include the step
of machining the passageway and the second passage way to
form a bolt carrier cavity.
0034 Additionally, the invention includes a method for
changing the caliber of a firearm with caliber conversion
parts. The firearm includes at least a receiver, a barrel attached
to the receiver, and an ejection buffer that is attachable to the
upper receiver at a plurality of locations. The caliber conver
sion parts include at least a second barrel. The method
includes the steps of removing the barrel from the upper
receiver, attaching the second barrel to the upper receiver,
detaching the ejection buffer from the upper receiver at a first
location, and attaching the ejection buffer to the upper
receiver at a second location.

0035. Where the firearm further includes a bolt connected
to a bolt carrier, an operating rod connected to the bolt carrier,
wherein the bolt, bolt carrier, and operating rod are disposed
within the firearm and the caliber conversion parts include a
second bolt, the method may also include the steps of remov
ing the bolt, bolt carrier, and operating rod from the firearm,
disconnecting the operating rod from the bolt carrier to allow
removal of the bolt from the bolt carrier, removing the bolt
from the bolt carrier, disposing the second bolt in the bolt
carrier, connecting the operating rod to the bolt carrier to

0038. In order that the manner in which the above-recited
and other features and advantages of the invention are
obtained will be readily understood, a more particular
description of the invention briefly described above will be
rendered by reference to specific embodiments thereof which
are illustrated in the appended drawings. Understanding that
these drawings depict only typical embodiments of the inven
tion and are not therefore to be considered to be limiting of its
scope, the invention will be described and explained with
additional specificity and detail through the use of the accom
panying drawings in which:
0039 FIG. 1 is a side elevation view of a firearmaccording
to the invention;

0040 FIG. 2 is a rear elevation view of the upper receiver
of the firearm as extruded:

0041

FIG. 3 is a rear elevation view of the finished upper

receiver of FIG. 2;

0042 FIG. 4 is a perspective view of a cross section taken
along Section 3-3 of the
0043 FIG. 5 is a perspective view of the lower receiver
containing components of the fire control group;
0044 FIG. 6 is an exploded side elevation view of the
operating system of the firearm;
004.5 FIG. 7 is an exploded perspective view of a bolt of
firearm;

0046 FIG. 8 is a cross section view along Section 8-8 of
FIG. 6 of the bolt engaging a barrel extension of the firearm;
0047 FIG. 9 is a cross section view along Section 8-8 of
FIG. 6 of the bolt locked within the barrel extension;

0048 FIG. 10 is a perspective view of a bolt carrier
according to the invention;
0049 FIG. 11 is an alternative perspective view of a bolt
carrier according to the invention;
0050 FIG. 12 is a cross section view of the operating rod
of FIG. 6 that includes an anti-bounce mechanism;

0051 FIG. 13 is a side elevation view of a recoil spring
assembly; and
0.052 FIG. 14 is a side elevation view of a non-reciprocat
ing charging handle with forward assist capability.
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

0053. The presently preferred embodiments of the present
invention will be best understood by reference to the draw
ings, wherein like parts are designated by like numerals
throughout. It will be readily understood that the components
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of the present invention, as generally described and illustrated
in the figures herein, could be arranged and designedina wide
variety of different configurations. Thus, the following more
detailed description of the embodiments of the improved
firearm of the present invention, as represented in FIGS. 1
through 14, is not intended to limit the scope of the invention,
as claimed, but is merely representative of presently preferred
embodiments of the invention.

0054 For this application, the phrases “connected to.”
“coupled to.” and “in communication with refer to any form
of interaction between two or more entities, including
mechanical, electrical, magnetic, electromagnetic, and ther
mal interaction. The phrase “attached to refers to a form of
mechanical coupling that restricts relative translation or rota
tion between the attached objects.
0055. The term “abutting refers to items that are in direct
physical contact with each other, although the items may not
be attached together. The terms “integrally formed refer to a
body that is manufactured integrally, i.e., as a single piece,
without requiring the assembly of multiple pieces. Multiple
parts may be integrally formed with each other if they are
formed from a single work piece. Thus, parts that are welded
or otherwise fastened together are not integrally formed.
0056 Referring to FIG. 1, a side elevation view illustrates
a firearm 10 according to the invention. As shown, the firearm
10 includes a receiver 12 that includes an upper receiver 14
and a lower receiver 16. The upper receiver 14 may be inte
grally formed with accessory rails 18 and an ejection port 20
for allowing spent cartridges (not shown) from the firearm 10.
0057 The firearm 10 also includes a barrel 22 that is
attached to the upper receiver 14. Optionally, the firearm 10
may also include a front sight 24, a rear sight 26, hand guards
28, and a flash hider 30. In some configurations, the firearm
10 may include Vertical grips, a grenade launcher, a bayonet
lug, a muzzle brake, a scope, a red dot sight, a rangefinder, a
silencer, a light system, a laser, or other accessories known in
the art. The handguards 28 are shown attached to the integral
accessory rail system 18 and may be removed as desired by a
USC.

0058. The lower receiver 16 may be attached to a butt
stock 32 and a pistol grip 34. A fire control group 36 including
a trigger 38, a selector/safety switch 40, and a bolt hold open
device 44 are coupled to the lower receiver 16 in this configu
ration. In some configurations, the fire control group may be
coupled to the receiver 12 or the upper receiver 14. The lower
receiver 16 may be integrally formed with a magazine well 46
for receiving a magazine (not shown). Alternatively, the
magazine well, cartridge feeding device, or a belt feed device
(not shown) may be separately formed and connected to the
firearm.

0059. The upper receiver 14 and the lower receiver 16 are
pivotally coupled by a receiver pin 50. The receiver pin 50
allows the upper receiver 14 to be pivoted away from the
lower receiver 16 providing access to internal components for
cleaning and maintenance.
0060. The firearm 10 also includes an ejection buffer 52
attachable to the upper receiver 14 at a plurality of locations.
The ejection buffer 52 is used to adjust the size of the ejection
port as well as to better control the direction of ejection of
spent cartridges. More specifically, the ejection buffer may be
attached at a first location 54 or at a second location 56 or at

any location in between the first location 54 and the second
location 56, depending on the caliber of cartridge that a user
desires to fire from the firearm 10. For example, the first
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location 54 may be used for calibers with smaller cartridges
and the second location 56 may be used for larger cartridges.
0061 Referring to FIG. 2, a rear elevation view illustrates
the upper receiver 14 of the firearm 10 of FIG. 10. The upper
receiver 14 may be initially formed by extrusion and may be
made of aluminum or steel. Alternatively, the upper receiver
14 may be made of any plastic, composite, ceramic, or metal
that is relatively tough and wear resistant. Extruding the upper
receiver 14 permits several features of the upper receiver 14 to
be formed at the time of extrusion, which lowers manufac

turing costs and production time. Additionally, extruding the
upper receiver 14 provides the upper receiver 14 with a natu
ral longitudinal is so that the features formed during extrusion
extend generally parallel to the longitudinal axis.
0062. As shown, the upper receiver 14 is extruded to
include the accessory rails 18, a first passageway 60, a second
passageway 62, and guidance features 64. The guidance fea
tures 64 extend into the passageway and along the passage
way to help guide a bolt (shown in FIG. 6) or a bolt carrier
(shown in FIG. 6) through the first passageway 60 of the
receiver 12. The guidance features 64 as shown include inter
nal rails 65 and shoulders 66 that are used to guide the move
ment of internal components of the firearm 10. The accessory
rails 18 include a rail at the 12 o'clock position 67, the 3
o'clock position 68, the 6 o'clock position 69, and the 9
o'clock position 70.
0063. An advantage of extruding the features of the upper
receiver 14 is that the features formed by extrusion are gen
erally straight and parallel to each other. Otherwise assembly
may result in a great deal of variation.
0064 Referring to FIG.3, a rear elevation view shows the
finished upper receiver 14 of FIG. 2. Once the upper receiver
14 is extruded, various machining methods known in the art,
Such as drilling, tapping, milling, etc., are used to form other
integral features of the upper receiver 14. As shown, the upper
receiver 14 when finished may include a charging handle slot
71, a operating rod cavity 72, a disassembly button attach
ment point 74, and other features known in the art that
enhance the functional and aesthetic qualities of the upper
receiver 14.

0065. The upper receiver 14 also has a lateral direction 76
and a vertical direction 78. The disassembly button attach
ment point 74 disposes a disassembly button (shown in FIG.
13) on a lateral 76 side of the upper receiver 14. The disas
sembly button (shown in FIG. 13) permits the upper receiver
14 to be selectively detached and attached to the lower
receiver 16 shown in FIG. 1. By disposing the disassembly
button attachment point 74 on the lateral 76 side of the upper
receiver 14 a user may grip the upper receiver and slide the
disassembly button (shown in FIG. 13) to detach the upper
receiver 14 from the lower receiver 16 of FIG. 1.

0066. Additionally, the upper receiver 14 includes a bot
tom cut 79 that allows the fire control group 36 and other
components of the lower receiver 16 to interact with the
components connected to the upper receiver 14.
0067 Referring to FIG. 4, a perspective view of a cross
section taken along Section 3-3 illustrates the finished upper
receiver 14 of FIG. 3. As shown, the first passageway 60, the
second passageway 62, the guidance features 64 extend gen
erally parallel to a longitudinal axis 80. The operating rod
cavity 72 also extends generally parallel to the longitudinal
axis 80 and midway into the upper receiver 14. The accessory
rail 18 has been machined to provide grooves 82 that extend
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perpendicular to the longitudinal axis 80 so that the accessory
rail 18 as shown is a 1913 type accessory rail.
0068 Lightening cuts 84 have also been made in the upper
receiver 14 in order to reduce the weight of the upper receiver
14. The upper receiver 14 also includes a barrel attachment
feature 86 that may be a threaded hole 88. A pivot hole 90 has
also been machined that allows the upper receiver 14 to pivot
around the receiver pin 50 (shown in FIG. 1).
0069. A plurality of holes 92 have also been cut to provide
for the attachment of an ejector 94 to the upper receiver at a
plurality of locations. More specifically, the ejector may be
attached at a first location 96 or a second location 98. The first

location 96 may be used for calibers with smaller cartridges
and the second location 98 may be used for larger cartridges.
0070 The upper receiver 14 also includes a charging
handle access groove 99 that permits a charging handle
(shown in FIG. 14) disposed in the charging handle slot 71 to
access the interior of the upper receiver 14.
(0071 Referring to FIG. 5, a perspective view illustrates
the lower receiver 16 containing components of the fire con
trol group 36. The lower receiver 16 includes a pivot hole 100
that allows the lower receiver 16 to pivot around the receiver
pin 50 (shown in FIG. 1). The lower receiver 16 also includes
an attachment structure 102 for attaching the lower receiver
16 to the upper receiver 14 of FIG. 1. The lower receiver 16
includes a pocket 103 that will be described below in relation
to FIG. 6. In this embodiment, the attachment structure 102 is

a hole that engages a mating attachment structure (shown in
FIG. 13) that is connected to the upper receiver 14 of FIG. 1.
0072 The lower receiver 16 is shown integrally formed
with a magazine well 46 for receiving a magazine (not
shown). The magazine well 46 includes a magazine release
104 that operates a magazine catch 106 that retains the maga
Zine (not shown) in the magazine well 46.
0073. The lower receiver 16 may be made of plastic, metal,
ceramic, or composite. Furthermore, the lower receiver 16
may be manufactured by injection molding, casting, machin
ing, or any other manufacturing process known in the art.
0074 The fire control group 36 includes a trigger 38, a
selector/safety switch 40, and a bolt hold open device 44. The
fire control group 36 also includes a hammer 108 and an auto
sear 110. The hammer 108 is used to impart kinetic energy to
a firing pin (shown in FIG. 6) when the trigger 38 is pulled or
for fully automatic firing of the firearm 10 when the trigger 38
is pulled and the auto sear 110 is tripped.
0075. As shown, the hammer 108 is in a set position that is
ready to strike the firing pin (not shown). When the hammer
108 is released, the hammer 108 pivots about a pin 112 and a
head 114 of the hammer 108 strikes an end of the firing pin
(shown in FIG. 6). The hammer 108 also includes a neck 116
that increases the angular momentum of the head 116.
0076 Referring to FIG. 6 is an exploded side elevation
view of the operating system 120 of the firearm 10 of FIG.1.
The operating system 120 includes the barrel 22 having a
chamber 122, a bolt 124, a bolt carrier 126, an operating rod
128, a recoil spring assembly 130, a gas tube 132. The barrel
22 may include a gas block 134, and a barrel extension 136
and is shown attached to the gas block 134 and the barrel
extension 136. The barrel 22 may be attached to the gas block
134 and the barrel extension 136 by welding, pinning, braz
ing, threading, and other methods known in the art.
0077. When a cartridge (shown in FIG. 7) is disposed
within the chamber 122 and fired, a propellant disposed
within the cartridge is burned to produce gas and increase the
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pressure within the chamber 122. The high pressure gas then
pushes a bullet (not shown) out of the barrel 22 toward a
target. The high pressure gas flows through the barrel 22 from
the chamber 122 toward the gas block 134. Upon reaching the
gas block 134, the high pressure gas exits the barrel 22
through a hole (not shown) in the barrel 22 and into the gas
block 134.

0078. The gas block 134 directs the gas into the gas tube
132. With reference to FIG. 2, the gas tube 132 is disposed
within the second passageway 62 of the upper receiver 14. In
Some configurations, the second passageway 62 is the gas
tube 132 and directly connected to the gas block 134.
007.9 The operating rod 128 includes a piston 140, a recoil
tube 142, and a foot 144. The piston 140 is disposed within the
gas tube 132 proximate the gas block 134. As the high pres
Sure gas enters the gas tube, the high pressure gas pushes the
piston 140 away from the gas block 134. The gas tube 132
includes vent holes 146 that help to prevent the high pressure
gas from entering the operating rod cavity 72 of the upper
receiver 14 (shown in FIG. 4). The high pressure gas is able
then able to exit the firearm through the lightening cuts 84
(shown in FIG. 4) from the vent holes 146. Where the second
passageway 62 is the gas tube 132, the gas vents directly
through the lightening cuts 84 (shown in FIG. 4).
0080 Preventing the high pressure gas from entering the
operating rod cavity 72 of the upper receiver 14 (shown in
FIG. 4) can be important because the high pressure gas depos
its carbon, powder residue, and lead on the Surfaces of the
firearm 10 that the high pressure gas comes into contact with.
These deposits can lead to firearm malfunctions, such as
jamming, feeding problems, and ejection failures.
I0081. The recoil spring assembly 130 includes a spring
148 surrounding a guide rod 150 and a sliding rod 152. The
recoil spring assembly 130 is connected to the operating rod
128 by being partially disposed within the recoil tube 142 of
the operating rod 128. Alternatively, the recoil spring assem
bly 130 may be connected to the bolt carrier 126 or the bolt
124.

I0082. Thus, as the operating rod 128 moves away from the
gas block 134 in reaction to the high pressure gas, the recoil
spring assembly 130 is compressed and stores the kinetic
energy of the moving operating rod 128 as potential energy in
the spring 148 as the sliding rod 150 slides within the guide
rod 150.

I0083. Additionally, the operating rod 128 is connected to
the bolt carrier 126. The bolt carrier 126 carries the bolt 124

through the upper receiver 14 of FIG. 4 to lock or abut the bolt
124 against the chamber 122. Because the bolt carrier 126 is
connected to the bolt 124, the bolt 124 moves as the bolt

carrier 126 moves. Thus, as the operating rod 128 moves away
from the gas block 134 in reaction to the high pressure gas, the
bolt carrier 126 moves the bolt 124 to unlock from barrel

extension 136 and from against the chamber 122.
I0084 As the bolt 124 moves away from the gas block 134,
the bolt 124 removes the spent cartridge (shown in FIG. 7)
from the chamber 122. As the bolt 124 moves away from the
chamber 122, the bolt 124 moves past the ejector 94 of FIG.
4 so that the ejector 94 strikes the spent cartridge (shown in
FIG. 7) to knock the spent cartridge from the bolt 124 and
eject the spent cartridge through the ejection port 20 and out
of the firearm 10 shown in FIG.1. Additionally, the bolt 124
and bolt carrier 126 contact the head 114 of the hammer 108

(shown in FIG. 5) to place the hammer 108 in the set position
as shown in FIG. 5.
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0085. Eventually, the operating rod 128, the bolt carrier
126, and the bolt 124 come to rest near an end of the upper
receiver 14 of FIG. 4. Then, the recoil spring assembly 130
releases the potential energy stored in the spring 148 to push
the operating rod 128, the bolt carrier 126, and the bolt 124
toward the gas block 134. As the bolt 124 moves toward the
chamber 122, the bolt may be stopped by the bolt hold open
device 44 (shown in FIG. 5) on the opposite side of the
magazine well 46 (shown in FIG. 5) from the barrel 22, if an
empty magazine (not shown) is held in the magazine well 46
(shown in FIG. 5). If a cartridge (shown in FIG. 7) is held in
the magazine (not shown), the bolt 124 will push a cartridge
out of the magazine and into the chamber 122. The firearm 10
of FIG. 1 is then ready to be fired.
I0086. The bolt 124 guides a firing pin 154 to properly
strike a cartridge (shown in FIG. 7) causing it to fire. The bolt
carrier 126 includes a safety extension 156. The safety exten
sion 156 is disposed beneath the firing pin 154, so that the
safety extension 156 is positioned between the firing pin 154
and the hammer 108 (shown in FIG.5). When the bolt carrier
126 is furthest from the gas block 134, the safety extension
extends within the pocket 103 of FIG. 5. The pocket 103 in
conjunction with the safety extension 156 provides an addi
tional measure of travel for the bolt carrier 124 within the

upper receiver 14.
0087 Providing an additional measure of travel reduces
the felt recoil of firing the firearm 10 by increasing the dis
tance over which the recoil spring assembly 130 may absorb
kinetic energy from the bolt 124, bolt carrier 126, and the
operating rod 128.
0088. As the bolt 124 nears the chamber 122 but before the
bolt 124 is locked against the chamber 122, the safety exten
sion 156 is positioned over the pin 112 (shown in FIG. 5),
which prevents the hammer from pivoting far enough to Strike
the firing pin 154. Once the bolt is locked against the chamber
122, the end 158 of the safety extension 156 is positioned past
the pin 112 (shown in FIG. 5), allowing the hammer 108 to
pivot far enough so that the head 114 of the hammer 108
(shown in FIG.5) is able to strike the butt 160 of the firingpin
154. The neck 116 of the hammer 108 (shown in FIG. 5) may
abut the end 158 of the safety extension 156 to place the head
114 of the hammer (shown in FIG.5) above the safety exten
sion 156. Additionally, the bolt 124 does not extend near the
end 158 of the safety extension 156 until the bolt 124 has
rotated within the bolt carrier 156, because of the design of the
bolt carrier 126.

I0089. The barrel 22 is attached to the upper receiver 14 of
FIG. 1 by a beveled barrel retention recess 162 and a barrel
attachment device 164. In configurations where the barrel 22
includes a barrel extension 136, the beveled barrel retention

recess 162 may be disposed in the barrel extension 136 of the
barrel 22. The beveled barrel retention recess 162 is beveled at

an angle 166. The angle 166 may range from about 170
degrees to about 10 degrees. In some configurations, the angle
166 may range from about 120 degrees to about 40 degrees.
Alternatively, the angle 166 may range from about 90 degrees
to about 60 degrees.
0090 The barrel attachment device 164 includes a tapered
end 168. The angle 170 of the tapered end 168 is about the
reciprocal angle of the angle 166 of the beveled barrel reten
tion recess 162. For example, if the angle 166 of the beveled
barrel retention recess 162 is about 80 degrees, the angle 170
of the tapered end 168 is about 280 degrees.
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0091. The barrel attachment device 164 may be connected
to the upper receiver 14 of FIG. 4 via the barrel retention
feature 86. The barrel attachment device 164 may also include
a threaded section 172 so that the barrel attachment device

164 may be screwed into the barrel retention feature 86 by
engaging the threads 88 of the barrel retention feature 86.
Once the barrel attachment device 164 is connected to the

upper receiver 14, the barrel 22 may be slid into the first
passageway 60 of the upper receiver 14 shown in FIG. 4 with
an end of the barrel 22 nearest to the chamber 122. Next, the

beveled barrel retention recess 162 of the barrel 22 is gener
ally aligned with the tapered end 168 of the barrel attachment
device 164. Next, the tapered end 168 engages the beveled
barrel retention recess 162 to attach the barrel 22 to the upper
receiver 14.

0092. The angle 166 of the beveled barrel retention recess
162 facilitates the attachment of the barrel 22 to the upper
receiver 14 of FIG. 4 because the angled surfaces of the
tapered end 168 and the beveled barrel retention recess 162
encourages the barrel 22 to be attached at the same location
each time the barrel 22 is attached to the upper receiver 14. As
the tapered end 168 engages the beveled barrel retention
recess 162, the surfaces of the tapered end 168 and the bev
eled barrel retention recess 162 slide past each other until
approximately 360 contact exists between the tapered end
168 and the beveled barrel retention recess 162. This attach

ment of the barrel 22 with increased repeatability at the same
location of the receiver 14 of FIG. 4 minimizes variances in

the “Zero” of the firearm, as the barrel is removed and reat
tached. “Zero” refers to the ability of a sighting device
mounted on the firearm to predict the location of impact of a
bullet fired from the firearm.

(0093. Referring to FIG. 7, an exploded perspective view
illustrates the bolt 124 of FIG. 6. As shown, the bolt 124

includes a protrusion 180 extending from the bolt 124, three
lugs 182, an extractor slot 184, a sliding extractor 186, a
detent 188, a polymer spring 190, a spring recess 192, and a
boltface 194. The protrusion 180 includes an extraction sur
face 196 and a cam surface 198. The protrusion interacts with
the bolt carrier 126 of FIG. 7 to rotate the bolt to lock and

unlock the bolt against the chamber 122 (shown in FIG. 7).
The protrusion also interacts with the operating rod 128 of
FIG. 7 to prevent the separation of the bolt 124 from the bolt
carrier 126.

(0094. The lugs 182 are used to lock the bolt 124 within the
barrel extension 136 (shown in FIG. 6). The lugs 182 also
include a trip surface 200 that is used to initially cause the
rotation of the bolt 124 into locking against the chamber 122
(shown in FIG. 6). A second trip surface 201 is used to
initially cause the rotation of the bolt 124 into unlocking the
bolt 124 from against the chamber 122. Because the first and
second trip surfaces 200 and 201 are part of the lugs 182, the
bolt head is circular and has regular diameter centered on the
bolt face 194. This helps to evenly distribute the load forces
among the lugs 182.
0.095 When the bolt 124 is assembled, the polymer spring
190 is seated within the spring recess 192 and the detent 188
extends from the spring recess 192 to retain the sliding extrac
tor 186 within the extractor slot 184. The extractor 186

includes a surface (not shown) that mates with the detent 188
that allows the detent to convey the force of the polymer
spring 190 to the extractor 186.
0096. When the bolt engages a cartridge 202, the base 204
of the cartridge 202 abuts the bolt face 194, which moves the
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extractor 186 away from a bottom surface 206 of the extractor
slot 184. The movement of the extractor 186 forces the detent

188 into the spring recess 192. The polymer spring 190 is
compressed within the spring recess 192 and applies an oppo
site force on the detent 188 that biases the extractor 186

against the base 204 of the cartridge 202 to retain the base 204
of the cartridge 202 against the bolt face 194. Once the car
tridge 202 is removed from the bolt face 194, the extractor
186 moves toward the bottom surface 206 of the extractor slot

184 reducing the forces exerted on and by the polymer spring
190.

0097. The extractor 186 and the extractor slot 184 have a
T-shape to better support the extractor 186 in order to avoid
mechanical failure of the extractor. The wings 208 of the top
of the T-shape provide solid sections of extractor 186 to
support the forces of extracting the cartridge 202 from the
chamber 122 (shown in FIG. 6) and supporting the higher
forces during firing of the firearm 10. The use of the sliding
extractor 186 with a polymer spring 190 that permits the
extractor 186 to support forces where rotating extractors (not
shown) typically fail, because of the introduced weakness
from using a pivot pin (not shown). Weaknesses include a
relatively large hole (not shown) extending through the
extractor to accommodate the pivot pin (not shown), a large
hole (not shown) extending through the lug used to accom
modate the spring, and a thin lug structure (not shown) Sur
rounding the rotating extractor (not shown).
0098. The extractor 186 overcomes the weaknesses of a

rotating extractor (not shown) by being stronger and smaller
than a comparative rotating extractor (not shown). Addition
ally, the extractor 186 also includes an extractor head 210 that
is supported by the barrel extension 136 shown in FIG. 6 to
further prevent mechanical failure of the extractor 186.
0099. The polymer spring 190 may be a solid piece of
polymer Such as polyethylene, polypropylene, polyurethane,
rubber, isoprene rubber, polybutadiene, neoprene, or any
other polymer known in the art. The polymer spring 190 is
much smaller than an ordinary metal spring that may be used
to support an extractor so that the hole in the lug 182 is much
smaller than a hole for a metal spring. Therefore, the lug 182
Supporting the extractor 186 is comparable to the other lugs
182 in strength.
0100 Referring to FIG. 8, a cross section view along Sec
tion 8-8 of FIG. 6 of the bolt 124 engaging the barrel exten
sion 136 before the bolt 124 has begun rotating to lock against
the chamber 122 shown in FIG. 6. As shown, the bolt 124

include a plane 220 extending through the middle of the bolt
face 194 and perpendicular to the bolt face 194, an ejector
access groove 222, and the lugs 182 include a feed lug. 224, an
extractor lug. 226, and a third lug. 228.
0101 The ejector access groove permits the ejector 94
(shown in FIG. 4) to strike and eject a cartridge (shown in
FIG. 7) from the firearm 10 that has been extracted from the
chamber 122 (shown in FIG. 6). The feed lug. 224 is the lug
used to push a cartridge (not shown) out of a magazine (not
shown) and into the chamber 122 (shown in FIG. 6). The
extractor lug. 226 supports the extractor 186. The third lug. 228
provides an additional measure of support to the bolt 124 as it
is locked within the barrel extension 136.

0102 The extractor 186 may be disposed at an angle 230
of less than about forty-five degrees but greater than about ten
degrees from the plane 220. In some configurations, the
extractor 186 may be disposed at an angle 230 of about fifteen
degrees to about thirty degrees. In other configurations, the
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extractor 186 may be disposed at an angle 230 of about twenty
degrees to about twenty-five degrees.
0103) The bolt 124 also includes guide surfaces 232 that
are supported on the guidance feature 66 of the upper receiver
14 shown in FIG. 2. The guide surfaces 232 prevent the bolt
124 from rotating as the bolt 124 travels through the upper
receiver 14 shown in FIG. 1.

0104. The barrel extension 136 includes locking features
234 that abut the lugs 182 to lock the bolt 124 within the barrel
extension 136. The barrel extension 136 also includes an
extractor cam surface 236 that interacts with the bolt head 210

to support the extractor 186.
0105 Referring to FIG.9, a cross section view along Sec
tion 8-8 illustrates FIG. 6 of the bolt 124 locked within the

barrel extension 136. As shown, the bolt 124 has rotated

counter-clockwise to lock against the chamber 122 shown in
FIG. 6 as viewed from the bolt 124 to the barrel 22. The

locking features 234 abut the lugs 182 preventing the bolt 124
from separating from the barrel extension 136 and opening
the chamber 122 (shown in FIG. 6). The extractor head 210 of
the extractor 186 has engaged the extractor cam surface 236 to
reinforce the extractor 186 in clamping down on a base of a
cartridge (shown in FIG. 7). Using the barrel extension 136 to
reinforce the extractor 186 helps to prevent damage to the bolt
124 and firearm 10 resulting from firing the firearm while
there is blockage of the barrel 22 by reinforcing a normally
weak part of the bolt 124.
0106 Referring to FIG. 10, a perspective view illustrates
the bolt carrier 126 of FIG. 6. The bolt carrier 126 includes an

operating rod slot 240, a cam slot 242, a forward assist feature
244, and a charging handle feature 246. The operating rod slot
240 includes an opening 248 at an end of the bolt carrier 126
and a securing slot 250. The foot 144 of the operating rod 128
(shown in FIG. 6) engages the operating rod slot 240 to
connect the operating rod 128 to the bolt carrier 126. The foot
144 of the operating rod 128 (shown in FIG. 6) extends into
the opening 248 at an end of the bolt carrier 126 once the bolt
124 (shown in FIG.7) is coupled to the bolt carrier 126 and the
protrusion 180 of the bolt 124 (shown in FIG. 7) is disposed
within the cam slot 242. The foot 144 prevents the bolt 124
(shown in FIG. 7) from being separated from the bolt carrier
126, while the operating rod 128 (shown in FIG. 6) is coupled
with the bolt carrier 126. The foot 144 of the operating rod
128 (shown in FIG. 6) also extends into the securing slot 250.
0107 The cam slot 242 includes a locking guide 252 and
support surface 254. The locking guide 252 assists the bolt
124 (shown in FIG. 7) by converting the linear motion of the
bolt carrier 126 to rotational motion of the bolt 124 as the bolt

carrier 126 is moved to abut the barrel extension 136 (shown
in FIG. 6). This occurs as the bolt 124 (shown in FIG. 7) is
disposed within the barrel extension 136 and abuts the cham
ber 122 (shown in FIG. 6), the bolt carrier 126 continues to
move toward the barrel extension 136 so that the protrusion
180 of the bolt 124 slides within the locking guide 252 of the
cam slot 242.

0108. As the bolt 124 of FIG. 7 is moved toward the
chamber 122 (shown in FIG. 6), the support surface 254
engages the cam surface 198 of the protrusion 180 (shown in
FIG. 6). The flat surface portions of the support surface 254
and the cam surface 198 of the protrusion 180 (shown in FIG.
6) allow the bolt carrier 126 to guide the bolt 124 through the
upper receiver 14, without encouraging rotation of the bolt
124.
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0109 The forward assist feature 244 and the charging
handle feature 246 allow a user to use a charging handle
(shown in FIG. 14) to manually move the bolt carrier 126
toward the chamber 122 or away from the chamber 122
shown in FIG. 6 by abutting the forward assist feature 244 or
the charging handle feature 246, respectively.
0110 Referring to FIG. 11, an alternative perspective view

natively, where the attachment structure 102 of the lower
receiver 16 is a protrusion rather than a hole, the mating
attachment structure 270 may be a collar that fits around the
protrusion.
0116 Actuating the disassembly button 272 of the
assembled firearm shown in FIG. 1 detaches the mating

illustrates the bolt carrier 126. The bolt carrier 126 further

(shown in FIG. 5) to detach the lower receiver 16 from the
upper receiver 14 of FIG. 1. The disassembly button 272
includes a neck 274 that extends into the disassembly button
attachment point 74 as shown in FIGS. 3 and 4 so that the
disassembly button 272 is disposed on the lateral 76 side of
the upper receiver 14. The placement of the disassembly
button 272 on the lateral 76 side of the upper receiver 14
allows the accessory rail at the 12 o'clock position 67 to
extend the complete length of the upper receiver 14 as shown

includes carrier guide surfaces 256. The carrier guide sur
faces 256 abut the guidance features 66 of the upper receiver
14 of FIG. 4. As shown, the safety extension 156 also includes
an auto trip 258 that engages the auto sear 110 (shown in FIG.
5) to allow for automatic fire. The auto trip 258 is disposed
proximate the bottom of the bolt carrier 126 and is a surface
of the safety extension 156 that engages the auto sear 110
(shown in FIG. 5) as the bolt carrier 126 abuts the chamber
122 (shown in FIG. 6). By including the auto trip 258 as part
of the safety extension 156, the auto sear 110 may be disposed
adjacent the hammer 108 as shown in FIG. 5.
0111. The bolt carrier 126 also includes an ejector slot
259. The ejector slot 259 provides the ejector 94 shown in
FIG. 4 with the ability to extend into the bolt carrier 126 to
eject a cartridge 202 (shown in FIG. 7) from the boltface 194
via the ejector access groove 222 of the bolt 124 as shown in
FIG 8.

0112 Referring to FIG. 12, a cross section view illustrates
the operating rod 128 of FIG. 6 as having an anti-bounce
mechanism 260. The anti-bounce mechanism 260 includes a

plurality of weights 262 that are disposed within a chamber
264 of the piston 140 of the operating rod. Of course, a single
weight 262 may be used.
0113. The anti-bounce mechanism 260 by allowing the
weights 262 to come to rest after the operating rod 128, the
bolt 124, and bolt carrier 126 (shown in FIG. 6) have been
stopped by the barrel 22 (shown in FIG. 6). The abrupt stop of
the operating rod 128, the bolt 124, and bolt carrier 126
(shown in FIG. 6) often results in reaction forces that may
move the bolt 124 enough from the chamber 122 to cause a
malfunction. The delayed impact of the weights 262 counters
the reaction forces by transferring the momentum of the
weights 262 to the operating rod 128, the bolt 124, and bolt
carrier 126 (shown in FIG. 6). Therefore, the anti-bounce
mechanism 260 helps to keep the bolt carrier 126 properly
positioned against the chamber 122 (shown in FIG. 6) to
prevent possible malfunctions that may result from bolt car
rier bounce.

0114. The foot 144 of the operating rod 128 includes a
front post 266 and a rear post 268. The front post 266 is
disposed within the opening 248 of the bolt carrier 126
(shown in FIG. 10). While the front post 266 is disposed
within the opening 248 of the bolt carrier 126 (shown in FIG.
10), the front post 266 prevents the protrusion 180 of FIG. 7
from leaving the cam slot 242. The rear post 268 is disposed
within the securing slot 250 of the bolt carrier 126 (shown in
FIG. 10).
0115 Referring to FIG. 13, a side elevation view illus
trates the recoil spring assembly 130 of FIG. 6. As shown, the
recoil spring assembly 130 includes a mating attachment
structure 270 and a disassembly button 272. The mating
attachment structure 270 engages with the attachment struc
ture 102 of the lower receiver 16 (shown in FIG. 5) to attach
the lower receiver 16 to the upper receiver 14 (shown in FIG.
1). The mating attachment structure 270 is a protrusion that
extends from an end of the recoil spring assembly 130. Alter

attachment structure 270 from the attachment structure 102

in FIG. 4.

0117 Referring to FIG. 14, a side elevation view illus
trates a non-reciprocating charging handle 280 with forward
assist capability. The charging handle 280 includes a body
282 having a groove 284 that engages the charging handle slot
71 (shown in FIG. 3). The charging handle 280 further
includes an engagement pin 286, a handle 288, and a detent
290. The charging handle 280 is retained in position on the
firearm until desired by a user via the detent 290. The engage
ment pin 286 extends into the upper receiver through the
charging handle access groove 99.
0118. The engagement pin 286 further includes a retaining
ridge 292 that helps to prevent the engagement pin 286 from
rotating in the upper receiver 14. The retaining ridge 292 is
biased against the receiver 14 by a spring (not shown). In the
biased position of the retaining ridge 292, the engagement pin
286 extends into the upper receiver far enough to abut the
charging handle feature 246 of the bolt carrier 126 shown in
FIG. 10. When a user chooses to selectively engage the for
ward assist feature 244 of the bolt carrier 126 shown in FIG.

10, the user pushes the handle 288 in the direction of the
retaining ridge 292. Moving the handle 288 in the direction of
the retaining ridge 292, moves the engagement pin 286 farther
into the upper receiver 14 to engage the forward assist feature
244 of the bolt carrier 126 shown in (FIG. 10). Once the
engagement pin 286 engages the forward assist feature 244 of
the bolt carrier 126 (shown in FIG. 10), a user may move the
handle and thus, the bolt 124 (shown in FIG. 7) to manually
lock the bolt 124 against the chamber 122 (shown in FIG. 6).
This design of the charging handle 280 allows a user to
selectively engage the forward assist feature 244 of the bolt
carrier 126, through the positioning of only the handle 288.
0119) A method may be used to change the caliber of the
firearm 10, described above, using caliber conversion parts.
For the firearm 10, the caliber conversion parts include a
barrel designed for the desired cartridge in addition to barrel
already attached to the firearm 10, which is known in the art,
and a bolt designed for the desired cartridge in addition to bolt
already connected to the firearm 10, which is also known in
the art. For convenience, the caliber conversion parts are
referred to in the method as a “second barrel or a "second

bolt, eventhough the second barreland second bolt are almost
identical to the barrel 22 and bolt 124 shown in FIG. 6, except
for the Small changes of dimensions inherent with changes in
cartridge type that are well known by those of skill in the art.
I0120 In some cases, only a second barrel is needed to
change the caliber of the firearm 10. Whether a second barrel
or a second bolt is needed to change the caliber of the firearm
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10, depends on how similar the dimensions of the first car
tridge type to the second cartridge type, which information is
known to those skilled in the art.

0121 Thus, where the bolt of the firearm may be used with
the new caliber, the method includes the steps of removing the
barrel from the upper receiver, attaching the second barrel to
the upper receiver, detaching the ejection buffer from the
upper receiver at a first location, and attaching the ejection
buffer to the upper receiver at a second location. Where a
second bolt and a second barrel are needed to change the
caliber of the firearm 10, the method may include the further
steps of removing the bolt, bolt carrier, and operating rod
from the firearm, disconnecting the operating rod from the
bolt carrier to allow removal of the bolt from the bolt carrier,

removing the bolt from the bolt carrier, disposing the second
bolt in the bolt carrier, connecting the operating rod to the bolt
carrier to prevent removal of the second bolt from the bolt
carrier, and disposing the second bolt, bolt carrier, and oper
ating rod in the firearm.
0122) The present invention may be embodied in other
specific forms without departing from its structures, methods,
or other essential characteristics as broadly described herein
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6. The firearm of claim 1, wherein the barrel attachment

device comprises a threaded bolt and the barrel attachment
feature comprises a threaded hole to engage the threaded bolt.
7. A firearm, comprising:
a barrel attachment device having a tapered end;
a receiver including a barrel attachment feature for receiv
ing the barrel attachment device and allowing the barrel
attachment device to extend through the barrel attach
ment feature; and

a barrel including a beveled barrel retention recess to
receive the barrel attachment device and engage the
tapered end.
8. The firearm of claim 7, wherein an angle of the tapered
end is about the reciprocal of an angle of the beveled barrel
retention recess.

9. A firearm, comprising:
a barrel attachment device having a tapered end;
a receiver including a barrel attachment feature for receiv
ing the barrel attachment device and allowing the barrel
attachment device to extend through the barrel attach
ment feature;
a barrel; and

and claimed hereinafter. The described embodiments are to

a barrel extension coupled to the barrel and including a

be considered in all respects only as illustrative, and not
restrictive. The scope of the invention is, therefore, indicated
by the appended claims, rather than by the foregoing descrip
tion. All changes that come within the meaning and range of
equivalency of the claims are to be embraced within their

attachment device and engage the tapered end.
10. The firearm of claim 9, wherein an angle of the tapered
end is about the reciprocal of an angle of the beveled barrel

Scope.

1. A firearm comprising:
a barrel comprising a beveled barrel retention recess;
a receiver comprising a barrel attachment feature; and
a barrel attachment device having a tapered end, wherein
the angle of the tapered end is about the reciprocal of the
angle of the beveled barrel retention recess, wherein a
portion of the barrel attachment device is disposed in the
barrel attachment feature so that the tapered end engages
the beveled barrel retention recess to attach the barrel to
the receiver.

2. The firearm in claim 1 wherein the angle of the bevel
barrel retention recess ranges from about 170 degrees to about
10 degrees.
3. The firearm in claim 1 wherein the angle of the bevel
barrel retention recess ranges from about 120 degrees to about
40 degrees.
4. The firearm in claim 1 wherein the angle of the bevel
barrel retention recess ranges from about 90 degrees to about
60 degrees.
5. The firearm of claim 1, wherein the receiver comprises a
passageway to receive the barrel, the passageway comprising
a Substantially cylindrical engaging member to engage and
support the barrel.

beveled barrel retention recess to receive the barrel

retention recess.

11. The firearm of claim 9, wherein the receiver comprises
a passageway to receive the barrel, the passageway compris
ing a substantially cylindrical engaging member to engage
and support the barrel.
12. The firearm of claim 9, wherein the barrel attachment

device comprises a threaded bolt and the barrel attachment
feature comprises a threaded hole to engage the threaded bolt.
13. A firearm comprising:
a barrel;
a receiver, and

a means for securing the barrel to the receiver.
14. The firearm of claim 13 wherein the barrel comprises a
barrel extension.
15. The firearm of claim 14 wherein the barrel further

comprises a beveled barrel retention recess disposed within
the barrel extension.

16. The firearm of claim 13 wherein the receiver comprises
a barrel attachment feature.
17. The firearm of claim 16 wherein the barrel attachment

feature comprises a threaded hole.
18. The firearm of claim 17 wherein the means for securing
the barrel to the receiver comprises threads configured to
engage the threaded hole.
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