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(54) BOLT ASSEMBLY FOR A FIREARM

(57) A recoil assembly for a rifle includes a barrel
assembly, a bolt, bolt actuator, and a buffer assembly.
The barrel assembly includes a barrel secured to a barrel
extension. The barrel assembly is configured to be mo-
vably received through the fore end of the upper receiver
and to move axially relative to the upper receiver when
the rifle is fired. The barrel extension is coupled to a
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hydraulic buffer assembly located below the barrel ex-
tension and counteracts recoil forces acting on the barrel
extension when the rifle is fired. An op-rod spring is
coupled to an op rod extending from a gas piston assem-
bly on the barrel. The op-rod spring counteracts recoil
forces acting the bolt actuator when the rifle is fired.
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Description
FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to firearms, and
more particularly to a recoil assembly and a feed assem-
bly for a rifle.

BACKGROUND

[0002] Firearms, such as rifles and other small arms,
are often used by military squads. Rifles can be config-
ured with select fire modes that include semi-automatic,
burst fire, and full-automatic fire. Depending on the in-
tended use, rifles can be can be shoulder fired, fired in a
prone position with a bipod, or mounted to a vehicle, to
name a few examples. The intended use and configura-
tion can also determine the type of ammunition used with
the firearm, the overall size and weight of the firearm, and
options for accessories.

SUMMARY OF THE DISCLOSURE

[0003] Embodiments of the present disclosure relate
generally to firearms subassemblies and rifles incorpor-
ating the same. Aspects of the present disclosure include
a recoil assembly for a machine gun with an open bolt
configuration or for a semi-automatic or automatic rifle
with a closed-bolt configuration, a machine gun or other
firearm incorporating the recoil assembly, a bolt and bolt
actuator assembly. Additional features of the present
disclosure exist and will be described herein and which
will form the subject matter of the attached claims. These
and various other advantages, features, and aspects of
the embodiments will become apparent and more readily
appreciated from the following detailed description of the
embodiments taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004]

FIG. 1 is a rear perspective view showing the right
side of a rifle having an open bolt configuration,
where the feed cover is in the closed position, a
bipod is in a folded position, and a gas piston as-
sembly is mounted to the barrel of the rifle, in accor-
dance with an embodiment of the present disclosure.
FIG. 2 is a rear perspective view of the right side of
the rifle of FIG. 1, showing the feed cover in an open
position and the bipod in the open position, in accor-
dance with an embodiment of the present disclosure.
FIG. 3 is an exploded perspective view showing the
top, right, and rear sides of some components of the
rifle of FIGS. 1-2, in accordance with an embodiment
of the present disclosure.

FIG. 4 is a perspective view showing the top, right,
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and rear sides of a bolt group that includes a bolt and
a bolt actuator coupled together, where the bolt
actuator is partially received in the bolt, in accor-
dance with an embodiment of the present disclosure.
FIG. 5 is a perspective view showing the top, right,
and rear sides of a barrel assembly that includes a
barrel, barrel extension, and gas block, where the
barrel is secured to the barrel extension with a barrel
nut, in accordance with an embodiment of the pre-
sent disclosure.

FIG. 6 is a cross-sectional view showing a portion of
the barrel and gas piston assembly of FIG. 5, in
accordance with an embodiment of the present dis-
closure.

FIG. 7 is a perspective view showing the top, right,
and rear sides of a hydraulic buffer assembly that
includes a hydraulic buffer, a buffer spring, and a
spring guide with an op-rod spring, in accordance
with an embodiment of the present disclosure.

FIG. 8 is a perspective view showing the top, right,
and rear sides of a feeding assembly and recoil
assembly component groups of a machine gun, in-
cluding an ammunition feed assembly, a hydraulic
buffer assembly, a barrel assembly, a bolt group in
the barrel extension, in accordance with an embodi-
ment of the present disclosure.

FIG. 9 is a perspective view showing the right and
rear sides of a rifle with an internal soft-mounted
recoil assembly with hydraulic buffer, an open-bolt
feeding assembly, a gas piston assembly, and a
folding stock, in accordance with an embodiment
of the present disclosure.

FIG. 10 is a perspective view showing the top, right,
and front sides of an upper receiver for a machine
gun, in accordance with an embodiment of the pre-
sent disclosure.

FIG. 11 is a perspective showing the right and rear
sides of alower receiver configured to assemble with
the upper receiver of FIG. 10, in accordance with an
embodiment of the present disclosure.

FIG. 12 is a perspective view showing the top, left,
and rear sides of a feed cover that includes a portion
of the top rail and portions of the feeding assembly, in
accordance with an embodiment of the present dis-
closure.

FIG. 13 is a bottom view of the feed cover of FIG. 12
showing portions of the feeding assembly with a feed
pawl, slide, and slide return, cam feed link, and feed
guide, in accordance with an embodiment of the
present disclosure.

FIG. 14 is a perspective view showing the top, left,
and rear sides of a feed tray with a plurality of
cartridges assembled for belt feeding, where a lead-
ing cartridge is positioned to be stripped from the belt
and chambered, in accordance with an embodiment
of the present disclosure.

FIG. 15 is a perspective view showing the top, right,
and front sides of the feed tray of FIG. 14, showing



3 EP 4 818 631 A2 4

pawls and a ramming slot, in accordance with an
embodiment of the present disclosure.

FIG. 16 is a perspective view showing the top, rear,
and left side of part of the feed tray and feed cam, in
accordance with an embodiment of the present dis-
closure.

FIG. 17 is a perspective view showing the top, rear,
and right sides of a feeding assembly with the feed
cover in an open position and the feed cam in a
battery position, in accordance with an embodiment
of the present disclosure.

FIG. 18 is a perspective view showing the top, right,
and rear sides of a feeding assembly with the feed
cam in a battery position, in accordance with an
embodiment of the present disclosure.

FIG. 19 is a perspective view showing the top, right,
and rear sides of the feeding assembly of FIG. 18
with the feed cam in a recoil position, in accordance
with an embodiment of the present disclosure.

FIG. 20 is a perspective view showing the top, right,
and rear sides of a feeding assembly with the feed
cover in an open position and the feed cam in a recoil
position, in accordance with an embodiment of the
present disclosure.

FIG. 21 is a close-up perspective view showing the
top, right, and rear sides of a feeding assembly with
the feed cam in a recoil position, in accordance with
an embodiment of the present disclosure.

FIG. 22 illustrates the right side of a rifle configured
with a fixed magazine and closed bolt system, in
accordance with another embodiment of the present
disclosure.

FIG. 23 is a perspective view showing the top, left,
and rear sides of the rifle of FIG. 22, where the stock
folded to a stowed position, in accordance with an
embodiment of the present disclosure.

FIG. 24 is an exploded perspective view showing the
right and rear sides of some component groups the
rifle of FIG. 22, in accordance with an embodiment of
the present disclosure.

FIG. 25 is a perspective view showing left and rear
sides of a recoil assembly and barrel assembly for
the rifle of FIG. 22, in accordance with an embodi-
ment of the present disclosure.

FIG. 26 is a perspective view showing the right and
rear sides of portions of the recoil assembly and
barrel extension of FIG. 25 along with an outline of
the lower receiver, in accordance with an embodi-
ment of the present disclosure.

FIG. 27 is an exploded perspective view showing the
right and rear sides of components of a recoil as-
sembly, a bolt group, and a barrel assembly, in
accordance with an embodiment of the present dis-
closure.

FIG. 28 is a perspective view showing the right and
rear sides of a bolt group, a charger, an extractor, and
a barrel extension, in accordance with some embo-
diments of the present disclosure.
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FIG. 29 is a perspective view showing the left and
front sides of a bolt group with an op rod connector
pivotably connected to the bolt actuator, in accor-
dance with an embodiment of the present disclosure.
FIG. 30 is a perspective view showing the left and
rear sides of a barrel extension with the charger and
extractor installed, in accordance with an embodi-
ment of the present disclosure.

[0005] The figures depict various embodiments of the
present disclosure for purposes of illustration only. Nu-
merous variations, configurations, and other embodi-
ments will be apparent from the following detailed dis-
cussion.

DETAILED DESCRIPTION

[0006] The presentdisclosure is generally directedtoa
recoil assembly, bolt group, and other components of a
rifle configured for use in a semi-automatic and/or auto-
matic firearm, such as a machine gun or squad rifle. In
one embodiment, the firearm includes a recoil assembly
with a hydraulic buffer assembly that is soft-mounted to
the barrel assembly. For example, the barrel extension
engages, either directly or indirectly, the hydraulic buffer
assembly that is offset from the barrel extension and bore
axis. The bolt group is coupled to an operational rod ("op
rod") and op-rod spring. Upon firing the rifle, pressurized
gases displace the op rod to move the bolt and bolt
actuator rearward to a recoil position. Recoil forces also
move the barrel extension rearward. The op-rod spring
and the buffer assembly can be arranged to actin parallel
or in series with one another, in accordance with some
embodiments. Recoil forces can be dissipated by a
combination of counteracting forces acting on the bolt
group and on the barrel assembly, thereby reducing felt
recoil to the operator among other advantages.

[0007] Inone example embodiment, a recoil assembly
for a rifle includes an upper receiver defining a long-
itudinal opening therethrough. A barrelis fixedly attached
to a distal end of a barrel extension, such as with a barrel
nut, where the barrel defines a bore with a bore axis. The
barrel extension is movably received in the firearm’s
upper receiver, such as in a free-floating configuration.
In accordance with one embodiment, a hydraulic buffer
assembly is offset from the barrel extension in a rear
portion of the firearm’s lower receiver. For example, the
hydraulic buffer assembly is positioned vertically below
the proximal end portion of the barrel extension and
includes a hydraulic buffer and a buffer spring coiled
around the outside of the hydraulic buffer. A bolt actuator
and bolt can move axially along the inside of the barrel
extension between a recoil position and a battery posi-
tion. A gas piston assembly mounted on the barrel in-
cludes a gas piston and an op rod coupled to the bolt
actuator. When the rifle is fired, pressurized gases dis-
place the op rod to move the bolt and bolt actuator rear-
ward against counteracting forces of the op-rod spring.
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Recoil forces also move the barrel extension rearward
against counteracting forces of the hydraulic buffer as-
sembly. In some embodiments, the bolt actuator is also
coupled to the hydraulic buffer by a spring guide or
actuator rod extending between the bolt actuator and
the hydraulic buffer. For example, the op-rod spring
and the hydraulic buffer assembly are aligned and lo-
cated below the barrel and barrel extension, where the
hydraulic buffer and op-rod spring are arranged in series
to act on the bolt actuator. The proximal end portion of the
barrel extension engages the buffer spring. In some
embodiments, the barrel extension provides a rearward
stop for the bolt actuator as the op rod moves rearwardly,
allowing a transfer of momentum from the bolt group to
the barrel assembly. Recoil forces acting on the barrel
assembly and the bolt group can be dissipated by a
combination of counteracting forces of the hydraulic buf-
fer assembly and op-rod spring. Some such recoil as-
semblies can be employed in a machine gun having an
open bolt configuration, for example.

[0008] In another example embodiment, the op-rod
spring is located between the op rod and a proximal
end portion of the lower receiver. For example, the op
rod is located above and extends along the barrel to a
connector that engages the bolt actuator. A spring guide
with op-rod spring extends rearwardly from the connector
to the proximal end portion of the lower receiver. The
barrel extension engages the hydraulic buffer assembly,
which resists rearward movement of the barrel group in
parallel with the op-rod spring resisting rearward move-
ment of the bolt group. This arrangement also dissipates
recoil forces acting on the barrel assembly and the bolt
group are by using a combination of counteracting forces
provided by the hydraulic buffer assembly and op-rod
spring. Some such embodiments can be employed in a
rifle with a closed bolt configuration, for example.
[0009] In some embodiments, features of the barrel
extension guide the axial movement and rotation of the
bolt, in contrast to other assemblies in which the bolt is
received in and guided by a bolt carrier. In some embodi-
ments, the operational rod is pivotably connected at its
proximal end portion to the bolt actuator, such as via a
cylindrical interface. In some such embodiments, the bolt
actuator and op rod function as a push-pull mechanism to
translate the bolt axially within the barrel extension,
where the barrel extension guides the movement and
rotation of the bolt.

[0010] Another aspect of the present disclosure is
directed to an assembly of a bolt and a bolt actuator. In
one embodiment, the bolt assembly includes a bolt
coupled to a bolt actuator, where the distal end portion
of the bolt actuator is received in the proximal end portion
of the bolt so as to permit relative axial and rotational
movement between the bolt and the bolt actuator. Such
an arrangement is unlike the bolt and bolt carrier used in
some rifles where the bolt is received in the bolt carrier.
The bolt and bolt actuator assembly (e.g., "bolt group")
are slidably received in the barrel extension. In some
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embodiments, the bolt actuator defines a helical slot. In
some embodiments, a cam pin can be installed trans-
versely through the bolt and through the helical slot so
that the bolt moves axially and rotates with respect to the
bolt actuator when the cam pin moves along the helical
slot. The boltis guided by features of the barrel extension.
Forexample, as the bolt moves rearward from battery, an
extractor occupies an extractor slot along the body of the
bolt and bolt actuator, thereby preventing rotation of the
bolt. As the bolt moves further rearward to a recoil posi-
tion, arecessed portion of bolt clears the extractor, allow-
ing the bolt to rotate. Guiding the movement of the bolt by
the barrel extension, rather than by a bolt carrier, allows
for looser tolerances in the bolt, barrel extension, and
other components of the rifle.

[0011] In accordance with some embodiments, the
arrangement of the bolt actuator and bolt allows for larger
lugs on the bolt. Also, the increased length of the barrel
extension in the lug area allows for stronger locking lugs
to resist higher chamber pressure. With higher pressure
rounds (e.g., ~85K psi) the additional energy of combus-
tion is mitigated by the buffer assembly, which absorbs
energy of the bolt actuator and barrel assembly. The
floating barrel and barrel extension being coupled to
the buffering system substantially isolates the large firing
impulse from reaching the receiver and the shooter. As a
result, the felt recoil is significantly reduced for improved
comfort and shooting precision.

General Overview

[0012] The lethality of the 5.56 x 45 cartridge currently
used in military squad rifles is considered inadequate in
some circumstances. For example, the use of improved
body armor reduces penetration of the projectile, parti-
cularly for long-range shots. One possible approach is to
change the ammunition design. For example, some am-
munition can be made larger in size to achieve increased
muzzle velocity to more effectively penetrate body armor,
for example. In another example, ammunition compliant
with the current maximum chamber pressure of about
62,000 psi can modified to improve the ballistic coeffi-
cient, trajectory, and shape of the projectile. Some such
ballistic improvements, however, require a larger gun
(e.g., a larger chamber).

[0013] Another possible approach is to use ammuni-
tion that produces a higher chamber pressure. For ex-
ample, one ammunition produces a peak chamber pres-
sure of up to 80,000-90,000 psi or more. To reliably fire
ammunition with such chamber pressures, however, the
rifle must be modified to accommodate the higher cham-
ber pressures. These changes include not only addres-
sing the increased chamber pressure, but also addres-
sing felt recoil forces, the overall size and weight of the
firearm, and other non-trivial design limitations. For ex-
ample, while increases in size can be used to accom-
modate greater chamber pressures, such increases
come with increased weight and may exceed the rifle’s
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weight limitations for use by soldiers. For this reason and
as a general matter, it is desirable to reduce or limit the
weight of firearms and/or the ammunition in order to
reduce the burden on the operator. Accordingly, a need
exists for improvements to recoil assemblies and other
subassemblies of a rifle configured for semi-automatic
and/or full-automatic fire, including machine guns and
other firearms. Various embodiments of the present dis-
closure address this need and others.

[0014] Inone aspect of the present disclosure, a recoil
assembly is configured for an open-bolt machine gun that
operates with belt-fed ammunition. In another aspect, a
recoil assembly is configured for a closed-bolt rifle that
uses a fixed magazine, such as a detachable box ma-
gazine. In a further aspect, a bolt and bolt actuator
assembly is disclosed. In yet another aspect of the pre-
sent disclosure, a feed mechanism and bolt assembly for
a machine gun is disclosed. In accordance with some
embodiments of the present disclosure, a rifle and its
subassemblies may exhibit one or more advantageous
features that include reduced overall weight, a shorter
overalllength, a collapsible stock that can be folded along
either side of the receiver, reduced felt recoil, and greater
chamber pressures, to name a few examples. Numerous
variations, configurations, and embodiments will be ap-
parent.

[0015] As discussed herein, terms referencing direc-
tion, such as upward, downward, vertical, horizontal, left,
right, front, back, etc., are used for convenience to de-
scribe embodiments of a rifle in a conventional orienta-
tion with the barrel extending horizontally. Embodiments
of the present disclosure are not limited by these direc-
tional references and it is contemplated that firearm
assemblies in accordance with the present disclosure
could be used in any orientation.

[0016] Also, it should be noted that, while generally
referred to herein as a 'recoil assembly’ for consistency
and ease of understanding the present disclosure, the
disclosed recoil assemblies are not limited to that specific
terminology and alternatively can be referred to, for ex-
ample, as a buffer assembly, recoil buffer system, or other
terms. Also, while generally referred to herein as an ’op-
rod spring’ for consistency and ease of understanding the
present disclosure, the disclosed op-rod spring is not
limited to that specific terminology and alternatively
can be referred to, for example, as a recoil spring or other
terms. As will be further appreciated, the particular con-
figuration (e.g., materials, dimensions, etc.) of recoil
assemblies, a bolt group, a barrel assembly, a feed
assembly, stocks, and hydraulic buffer assemblies con-
figured as described herein may be varied, for example,
depending on whether the intended use is military, tac-
tical, or civilian in nature. Still further, although rifles and
their subassemblies may be described in an assembled
form, the components of a given subassembly or the rifle
as a whole can be provided in disassembled form, such
as a kit or a group of unassembled replacement parts.
Numerous configurations will be apparent in light of this
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disclosure.

Example Structures

[0017] FIGS. 1-2 illustrates a perspective views of a
rifle 100, in accordance with an embodiment of the pre-
sent disclosure. FIG. 1 shows the right side of the rifle
100, which includes a lower receiver 190 assembled with
an upper receiver 170. A handguard 240 is attached to
the upper receiver 170 and extends along the barrel 141.
Afoldable stock 260 is attached to a rear end of the lower
receiver 190. As shown in FIGS. 1-2, the rifle 100 is
configured as a machine gun with an open bolt and
left-hand belt ammunition feed. A gas block 330 mounted
on the barrel 141 has a three-position gas valve for use in
suppressed, normal, and adverse conditions. In some
embodiments, the rifle 100 includes fire selection and
other controls similar to those found on the M16 and
AR-15-type rifle platforms, for example. As shown in
FIG. 1, the feed cover 220 is closed, the stock 260 is
deployed and adjusted to an extended position.

[0018] FIG. 2illustrates the right side of the rifle 100 of
FIG. 1 shown with the feed cover 220 in an open position
and the bipod 250 in an open position, in accordance with
one embodiment. A bipod 250 can be attached to a lower
portion of the handguard 240, which, in this example
embodiment, is integral to the upper receiver 170. In
other embodiments, the bipod 250 can be attached to
the gas piston assembly 146 adjacent the end of the
handguard 240. In some embodiments, legs of the bipod
250 can be folded left or right for the convenience of the
user. In one example embodiment, both legs of the bipod
fold along the lower right and lower left edge of the
handguard 240. In some embodiments, the bipod 250
is conformal to the upper receiver 170 to aid in protecting
the user from heat of the barrel 141 during use.

[0019] FIG. 3illustrates an exploded, perspective view
showing the right and rear sides of various components of
therifle 100 of FIGS. 1-2, including a bolt actuator 110 and
bolt 130, a barrel group or barrel assembly 140, the upper
receiver 170, the lower receiver 190, a feed tray 200 and
feed cover 220, the hand guard 240, the conformal bipod
250, the adjustable and foldable stock 260, a buffer
assembly 300, and the gas piston 330. In one embodi-
ment, the barrel assembly 140 includes a barrel 141
secured to a barrel extension 150 by a barrel nut 144,
and a gas block 330 mounted on the barrel 141. Compo-
nents of the rifle 100 will be discussed in more detail
below.

[0020] Referring now to FIG. 4, a perspective view
shows the top, right, and rear sides of a bolt group 108
that includes a bolt actuator 110 and bolt 130, in accor-
dance with an embodiment of the present disclosure. The
bolt actuator 110 has a generally cylindrical shape that
extends from a proximal end portion 110a to a distal end
portion 110b along a bore axis 102 of the rifle 100. In one
embodiment, such as when the bolt actuator 110 is con-
figured for use with an open-bolt feed mechanism, the
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bolt actuator 110 includes a feed cam roller 112 attached
to and extending up from a proximal end portion 110a. In
one embodiment, the feed cam roller 112 has a cylindrical
shape and is constructed to roll or slide along a feed cam
210 (shown in FIG. 9) as the action cycles. In some such
embodiments, an anti-torque roller 114 is positioned
below the feed cam roller 112 as a single structure with
the feed cam roller 112. For example, the anti-torque
roller 114 has a larger diameter than the feed cam roller
112 and functions as a stop to maintain and guide the
vertical position of the feed cam roller 112 in the feed cam
210 as the bolt actuator 110 moves axially. In other
embodiments, the bolt actuator 110 is coupled to an
operational rod 320 or like structure (shown in FIG. 3).

[0021] The distal end portion 110b of the bolt actuator
110 is slidably received in the bolt 130. A firing pin 116
(shown partially) extends axially through the bolt actuator
110 and bolt 130 and is configured to strike the ammuni-
tion primer. In some embodiments, the firing pin 116 has a
fixed position with respect to the bolt actuator body 118,
such as when the bolt is configured for a machine gun. In
other embodiments, the firing pin is movable and pulling
the trigger releases a hammer that strikes the firing pin
116 to move it through an axial opening in the bolt 130 to
strike the primer of the ammunition cartridge. The distal
end portion 110b of the bolt actuator 110 defines a helical
slot 120 that accepts a cam pin 122 installed between the
boltactuator 110 and the bolt 130. As the bolt actuator 110
moves axially with respect to the bolt 130, the helical slot
120 causes the bolt 130 to rotates about the bore axis 102
(e.g., about 45°).

[0022] In accordance with some embodiments, the
firing pin 116 is housed in the bolt actuator 110. The firing
pin 116 is preloaded rearward against a surface in the
proximal end portion 110a of the bolt actuator 110 and is
allowed to move forward approximately 0.05 inch. For
example, once the bolt 130 is locked with the barrel
extension 150 and before the bolt actuator 110 stops
against the bolt 130, the tip of the firing pin 116 protrudes
from the bolt face 130a delivering energy to the ammuni-
tion primer by being tightly coupled to the bolt actuator
110, which has forward momentum. This coupling be-
tween the firing pin 116 and the bolt actuator 110 also
supports the primer in the cartridge at the peak pressure,
which eliminates or reduces the risk of primer piercing.

[0023] The bolt 130 has a generally cylindrical shape
that extends along the bore axis 102 from a proximal bolt
end portion 132a to a distal bolt end portion 132b. The
proximal bolt end portion 132a has a hollow bolt body 132
that slidably receives the bolt actuator 110 therein. The
bolt 130 is coupled to the bolt actuator 110 by the cam pin
122 extending through a cam pin opening 134 in the bolt
130 and through the helical slot 120 in the bolt actuator
110. When the bolt actuator 110 and the bolt 130 move
axially with respect to each other, the helical slot 120 in
the bolt actuator 110 causes the bolt 130 to rotate about
the bore axis 102. Such rotation occurs in one direction,
for example, when the bolt 130 is moved distally into

10

15

20

25

30

35

40

45

50

55

battery and the bolt actuator 110 is advanced axially into
the bolt 130. The bolt 130 rotates in an opposite direction
when the bolt 130 and bolt actuator 110 return proximally
after firing. For example, the bolt actuator 110 returns
proximally at a faster rate than the bolt 130, resulting in
axial movement between the bolt 130 and bolt actuator
110 and in turn causing rotation of the bolt 130.

[0024] The bolt actuator body 118 defines a transverse
slot 135, such as notch orrecess, for connection to the op
rod 320, which will be discussed in more detail below. For
example, the transverse slot 135 is defined in a lower
surface and interfaces with an op rod 320 extending from
a gas block on the lower portion of the barrel 141. The
transverse slot 135 can be configured as part of a pivot,
hinge, or ball joint with the op rod 320 or component
attached to the op rod 320. In other embodiments, the
transverse slot 135 is positioned on a top surface of the
bolt actuator 110, such as when the gas piston is on the
top of the barrel 141. In one embodiment, the bolt ac-
tuator 110 defines a shoulder 131, such as a taper or
frustoconical surface, on the bolt actuator 110 such that
the forward motion of the bolt actuator 110 is stopped ata
corresponding mating surface on the bolt 130. The angle
of the shoulder 131 is designed to reduce the rebound
energy between the bolt 130 and the bolt actuator 110, as
will be appreciated.

[0025] In some embodiments, the proximal bolt end
portion 132a includes a rammer 136 that protrudes up-
ward from and extends axially along a top surface of the
bolt 130. In some embodiments, the rammer 136 can
pivot to some extent about a rammer pin 137 extending
transversely through a top portion of the bolt 130. The
rammer 136 is generally configured to engage the head
of cartridges on the feed tray 200 during the loading
sequence. For example, the rammer 136 functions to
strip a cartridge from the feed position on the feed tray
200 and advance the cartridge into the feed guide where
it drops into position to be engaged by the lugs 138 when
the bolt 130 moves the cartridge into battery. By pivoting
about the rammer pin 137, the rammer 136 can follow the
head of the cartridge as it moves to alignment with the
lugs 138.

[0026] Asthe bolt 130 moves to battery, lugs 138 onthe
distal bolt end portion 132b engage the head of a car-
tridge and push the cartridge into battery. For example,
the bolt 130 defines two, three, four, or other number of
lugs 138 that are spaced circumferentially about the
distal boltend portion 132b. After the rammer 136 pushes
a cartridge from the feed tray 200 towards the chamber,
the distal bolt end portion 132b engages the cartridge
head and moves into battery. In some embodiments, the
distal bolt end portion 132b includes an extractor 139
along a lower portion to engage the cartridge rim and
extract a spent cartridge from the chamber when the bolt
130 moves rearward after firing.

[0027] Unlike otherbolt groups, in one embodiment the
bolt actuator 110 and bolt 130 of the present disclosure
are unique in that the bolt actuator 110 is received in the
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bolt 130, rather than the other way around. An advantage
of such an arrangement is that the bolt 130 can be larger
and feature larger lugs 138 compared to traditional de-
signs. Such a configuration can be used in a chamber
configured for pressures above 62,500 psi, as will be
appreciated. Also, unlike the bolt-carrier group of some
rifles, the bolt 130 and bolt actuator 110 in accordance
with some embodiments of the present disclosure are
different in that the bolt 130 is guided exclusively by the
barrel extension 150, rather than by the bolt carrier, as the
bolt 130 moves between the recoil position and the
battery position. In such a configuration, the bolt actuator
110 simply moves the bolt back and forth axially, but the
bolt 130 is guided axially and rotationally by the barrel
extension 150. When therifle 100 is charged and ready to
fire, for example, the bolt 130, bolt actuator 110, and op
rod 320 are retained in the recoil or rearward position by
engagement between the trigger and the sear. When the
triggeris pulled, the bolt 130, bolt actuator 110, and op rod
320 move forward, pushing the round 20 out of the link via
the rammer 136 and into the chamber. In conjunction with
this action, the bolt actuator 110 has a feed camroller 112
that moves along a feed cam 210 (shown in FIG. 8). The
feed cam 210 moves laterally from one side to the other
as a result of the forward motion of the bolt actuator 110.
This lateral movement indexes the next round in to the
strip position for chambering by the rammer 136. As the
bolt 130 moves into and locks with the barrel extension
150, it is guided further forward to the battery position
while the barrel extension 150 moves forward to the
battery position.

[0028] Referring now to FIG. 5, a perspective view
shows top, right, and rear sides of a barrel assembly
140, in accordance with an embodiment of the present
disclosure. As shown in this example, the barrel assem-
bly 140 includes a barrel 141 secured to a barrel exten-
sion 150 with a barrel nut 144. The barrel assembly 140
also includes a gas block 330 on the barrel 141. The
barrel 141 extends longitudinally along the bore axis 102
and has a proximal barrel end 142 secured to the barrel
extension 150 via a barrel nut 144. The gas block 330 is
mounted to the barrel 141 between the proximal barrel
end 142 and the distal barrel end 143. In one embodi-
ment, the gas block 330 connects to a gas port in the
barrel 141 located from 9 to 11 inches from the proximal
barrel end 142. Other locations along the barrel 141 can
be used, depending on the desired operational pressure
for the gas block. In one example, the gas block is located
to provide a gas pressure to the gas port of about 33,000
psi upon discharging the rifle 100.

[0029] The barrel extension 150 has a hollow cylind-
rical shape that is configured to slidably receive the bolt
actuator 110 and bolt 130 therein. The distal portion 152
connects tothe barrel 141. In one embodiment, the barrel
extension 150 defines a top slot 154 extending long-
itudinally along the top surface. In one embodiment,
the feed cam roller 112 on the bolt actuator 110 extends
through the top slot 154 when the bolt actuator 110 moves
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axially through the barrel extension 150. In other embo-
diments, a connector 111 between the op rod 320 and the
bolt actuator 110 extends through the top slot 154. The
barrel extension 150 also defines a bottom slot 156
extending longitudinally along a bottom surface. In one
embodiment, the connector 111 on the op rod 320 ex-
tends through the bottom slot 156 to connect to the
transverse slot 136 in the bolt actuator 110. In some
embodiments, a proximal portion 151 defines one or
more side slots 157. An ejection port 159 is defined in
the barrel extension 150 adjacent the distal portion 152.
In one embodiment, the ejection port 159 is positioned
along a lower side portion.

[0030] A protrusion 158, such as a flange or rib, ex-
tends circumferentially around an outside of at least a
portion of the barrel extension 150 adjacent the barrel
proximal end portion 151. The protrusion 158 can be a
flange or like structure that extends radially outward and
is configured to engage the actuator 114 at the distal end
of a hydraulic buffer 302. For example, the protrusion 158
is shaped to engage the actuator 114 and/or the distal end
of the hydraulic buffer 302. As such, axial energy of the
barrel assembly 140 can be transferred to and dissipated
by the buffer spring 304 and/or the hydraulic buffer 302 of
the hydraulic buffer assembly 300 (FIG. 7).

[0031] In contrast to some barrel assemblies 140, the
barrel extension 150 is somewhat longer and is movably
received through the distal end of the upper receiver 170.
As such, the barrel extension 150 can move axially
relative to the upper receiver 170 when the rifle 100 is
fired. As noted above, the barrel extension 150 is coupled
to the hydraulic buffer assembly 300, which resists for-
ward and rearward travel of the barrel extension 150. In
some embodiments, the rifle 100 can be fired on runout of
the barrel extension 150, in which the barrel extension
150 is allowed to continue moving forward as the bolt 130
locks into the barrel extension 150 at the breech and the
shotis fired. In some embodiments, the forward motion of
the barrel assembly 140 is stopped by a battery lug 176
(shown in FIG. 10) attached to or integral to the upper
receiver 170. For example, the battery lug 179 engages a
protrusion 181 on the barrel extension 150 to define a
stop block that provides a consistent position of the barrel
141 from shot to shot. In some such embodiments, the
upper receiver 170 (and/or the barrel extension 150) also
includes a surface 176a that biases the barrel extension
150 downward to maintain the same barrel start position
for accurate firing.

[0032] Referring now to FIG. 6, a cross-sectional view
illustrates the gas piston assembly 146 installed on the
barrel 141, in accordance with an embodiment of the
present disclosure. The gas piston assembly 146 in-
cludes a gas block 330 installed over a gas port 149 in
the barrel 141. A gas piston 147 is displaceable from a
piston housing 148 in response to pressurized gases at
the gas port 149 of the barrel 141. Upon firing the rifle 100,
pressurized gases cause the piston 147 to displace rear-
wardly and actuate the op rod 320 to drive the bolt
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actuator 110 and bolt 130 rearwardly.

[0033] Referring now to FIG. 7, a side and rear per-
spective view illustrates a buffer assembly 300, in accor-
dance with an embodiment of the present disclosure. In
one embodiment, the buffer assembly 300 includes a
hydraulic buffer 302 with a buffer body 312. In some
embodiments, the hydraulic buffer includes a buffer
spring 304 installed around the outside of the buffer body
312, such as between a proximal end portion 313 and a
distal end portion or actuator 314. In some embodiments,
the buffer spring 304 is located within the buffer body 312.
In one embodiment, the actuator 314 has a disc shape
with a circumferential slot 316 extending along its peri-
meter. The circumferential slot 316 can be configured to
engage the protrusion 158 on the barrel extension 150.
An op-rod spring 306 extends along a spring guide 305
that is received in the proximal end of the op rod 320. In
some embodiments, the op rod 320 impacts the front of a
spring guide 305 aligned with and engaging the hydraulic
buffer 302 to dissipate rearward energy of the op rod 320
through the same hydraulic buffer assembly 300 acting
on the barrel extension 150. In other embodiments, the
op rod 320 extends through the connector 111 to the
actuator 114, where the op-rod spring 306 is coiled
around part of the op rod 320 between the actuator
314 and the connector 111.

[0034] The housing or buffer body 312 defines aninner
cavity along which the buffer piston 308 is movable
between an extended position and a depressed position.
The buffer spring 304 biases the buffer piston 308 to-
wards the extended position. An accumulator (notvisible)
is disposed in a first fluid chamber, where movement of
the buffer piston 308 causes hydraulic fluid contained in a
second fluid chamber to be displaced to the first fluid
chamber containing the accumulator.

[0035] In an embodiment, the hydraulic buffer 302
distributes the high energy recoil load over a greater
stroke by pumping fluid through the piston 308 via con-
trolled holes. For example, the buffer stroke is approxi-
mately 3 of an inch, which is sufficient to slow down and
stop the reward movement of the barrel assembly 140
and/or bolt actuator 110. The buffer spring 304 also aids
in absorbing the recoil energy. At the end of its stroke the
buffer spring 304 pushes the barrel assembly 140 back
into battery.

[0036] Referring now to FIG. 8, a perspective view
illustrates top, right, and rear sides of components of a
recoil assembly 299 and a feed assembly 199, as may be
used in a rifle 100 with an open bolt configuration, in
accordance with an embodiment of the present disclo-
sure. The recoil assembly 299 includes the buffer as-
sembly 300 aligned with and engaging the op rod 320.
The hydraulic buffer assembly 300 engages the barrel
extension 150. The barrel extension 150 is also loosely
coupled to the hydraulic buffer by the op rod 320. For
example, as the connector moves rearwardly, it contacts
the barrel extension 150 and transfers rearward momen-
tum to the barrel assembly 150, which is absorbed by the
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hydraulic buffer 304. The op rod 320 also aligns with and
engages (directly or indirectly) the piston 147 of the gas
piston assembly 146. As such, the op-rod spring 306 and
hydraulic buffer assembly 300 operate together in series
to absorb recoil forces of both the bolt group 108 and the
barrel assembly 140.

[0037] Prior to firing, the bolt actuator 110, bolt 130,
barrel 141, and barrel extension 150 startfrom a rearward
position (hence "open bolt" configuration) in which the op-
rod spring 306 and the hydraulic buffer assembly 300 are
compressed, in accordance with some embodiments. In
the moment before firing, the barrel 141 and barrel ex-
tension 150 are released forward. The bolt group 108
also moves forward along the barrel extension 150 and
lugs 138 on the bolt 130 lock with corresponding features
in the distal end of the barrel extension 150 to chamber
and fire a round. In some embodiments, the barrel group
108 is still moving forward when the chambered round is
fired. In some such embodiments, a significant portion of
the firing impulse is used to stop the forward momentum
of the barrel group 108 and the remainder of the impulse
(or a portion thereof) is absorbed by the recoil assembly
299.

[0038] Abatterylug 176 onthe upperreceiver 170 may
make contact with the barrel extension 150. The battery
lug 176 acts as a stop to define the forwardmost position
of the barrel 141 and barrel extension 150. The battery
lug 176 could similarly make contact with the barrel 141 or
barrel nut 144, as will be appreciated. For example, the
barrel extension 150 can move forward until a protrusion
on the barrel 141, barrel nut 144, or barrel extension 150
(e.g., protrusion 181 shown in FIG. 5) engages the bat-
tery lug 176. In one embodiment, a surface 176a on the
battery lug 176 (shown in FIG. 10) and a corresponding
surface on the barrel extension 150 are angled to bias the
barrel extension 150 to return to the same initial location.
[0039] The bolt actuator 110 is coupled to the op rod
320 by an op rod arm or connector 111 attached to and
extending between the op rod 320 and the transverse slot
135 of the bolt actuator 110. Upon firing the rifle, the op
rod 320 is displaced rearwardly by pressurized gases
actuating the gas piston 146. This rearward motion of the
op rod 320 drives the bolt actuator 110 and bolt 130
rearward along the inside of the barrel extension 150.
As the bolt 130 and bolt actuator 110 are displaced
rearwardly, a protrusion 123 on the bolt actuator 110
guides the bolt actuator 123 along the barrel extension
150, in accordance with some embodiments. The con-
nector 111 travels along the bottom slot 156. The bottom
slot 156 is closed at the proximal portion 151 of the barrel
extension 150, defining a stop surface for the connector
111 to make contact with the barrel extension 150 during
rearward travel. In doing so, rearward momentum of the
bolt group 108 is transferred to the barrel assembly 140,
moving it rearwardly. Rearward movement of the barrel
assembly 140 in turn causes the protrusion 158 on the
barrel extension 150 to engage the actuator 314 of the
hydraulic buffer 302 and compresses the buffer spring
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304, for example. Thus, recoil forces are countered and
dissipated by a combination of forces that include com-
pression of the buffer spring 304 acting on the barrel
extension 104, compression of the op-rod spring 306
acting on the op rod 320 and bolt group 108, and actua-
tion of the hydraulic buffer 302 acting on the bolt actuator
110 and op rod 320 to transfer hydraulic fluid from one
chamber to another. In some embodiments, the buffer
assembly 300 alternately or additionally acts on the
barrel extension 150. To some extent, each of these
counteractive forces act on other components to dissi-
pate recoil forces and to cycle the action, as will be
appreciated. At the rearward end of the recoil cycle, for
example, the op-rod spring 306 acts on the op rod 320
and bolt actuator 110 to return the op rod 320, bolt
actuator 110, and bolt 130 forward; the buffer spring
304 acts on the barrel extension 150 via the actuator
314 to move the barrel extension 150 and barrel 141
forward; and the hydraulic buffer 302 acts on the bolt
actuator 110 and other components to move the bolt
actuator 110 and bolt 130 forward.

[0040] The recoil cycle also cycles the feed assembly
199. The feed cam roller 112 on the bolt actuator 110 is
received in a channel defined by a feed cam 210. In one
embodiment, the feed cam 210 includes a rearward
portion 212 and a forward portion 213. The rearward
portion 212 is generally linear and aligned along the
barrel extension 150. The forward portion 213 can be
curved or angled laterally with respect to the rearward
portion 212. The rearward portion 212 is pivotably at-
tached to the upper receiver 170 and the forward portion
213 interfaces with a cam link 214 on the feed tray 200.
When the bolt actuator 110 is in the rearward position, the
forward portion 213 of the feed cam 210 is biased by a
spring towards the left side of the feed tray 200. As the
bolt actuator 110 moves forward in a linear path along the
barrel extension 150, the curve or bend along the forward
portion 213 causes the forward portion 213 to conform to
the position of the feed cam roller 112, causing the feed
cam 210 to shift to the right. This movement of the feed
cam 210 between the left and right positions causes the
cam link 214 to be displaced upward from its downwardly
biased position.

[0041] As the bolt actuator 110 moves forward, the bolt
130 is also moved forward with the rammer 136 passing
through a slot in the feed tray 200 to strip a cartridge from
a belt clip or other structure and push the cartridge for-
ward and down into the chamber. When the bolt 130
reaches the battery position and chambers the cartridge,
the bolt actuator 110 continues to move forward and
rotates the bolt 130 due to the cam pin 122 following
the helical slot 120. The continued forward motion of the
bolt actuator 110 causes the firing pin 116 to impact the
cartridge and fire the round. During this process, the feed
assembly 199 pushes another cartridge 20 laterally
across the feed tray 200 to position the cartridge 20 for
feeding to the chamber.

[0042] Referring now to FIG. 9, a semi-transparent
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perspective view illustrates the right side of rifle 100, in
accordance with an embodiment of the present disclo-
sure. The upperreceiver 170 is assembled with the lower
receiver 190 and the feeding assembly 199 is connected
to the open top of the receiver middle portion 173. The
lower receiver 190 includes a grip 191 attached thereto
and houses components of the fire control group 193,
including the trigger 192, as will be appreciated. An
adjustable and foldable stock 260 is attached to a rear
or proximal end portion 194 of the lower receiver 190. The
barrel nut 144 is positioned distally of the battery lug 176.
The gas piston assembly 146 is attached to the barrel 141
with the piston 147 received in the guide tube 178 on the
distal receiver portion 12. A bipod 250 is pivotably at-
tached to the distal end of the distal receiver portion 172
and folded to the open position.

[0043] Referring now to FIG. 10, a perspective view
illustrates the top, right, and front sides of an upper
receiver 170, in accordance with an embodiment of the
presentdisclosure. The upper receiver 170 extends long-
itudinally and includes a proximal receiver portion 171, a
distal receiver portion 173, and a middle receiver portion
173. The upper receiver 170 is constructed to mate with
and attach to the lower receiver 190 (shown in FIG. 11).
The upper receiver 170 defines a barrel extension open-
ing 174 that extends through the upper receiver 170. The
barrel extension opening 174 is sized and configured to
receive the barrel extension 150. The barrel extension
opening 174 defines a barrel opening 177 adjacent the
distal receiver portion 172 where the barrel nut 144 is
positioned when the rifle 100 is assembled. The distal
receiver portion 172 includes a handguard lower portion
241 and a guide tube 178 for the op rod 320. The op rod
320 is partially housed in the guide tube 178 and is
arranged to be actuated by the gas piston 147 upon firing
the rifle. For example, upon firing the rifle, pressurized
gasesinthe barrel displace the gas piston 147 to drive the
op rod 320 proximally against forces of the op-rod spring
306. Optionally, a rail 175 extends along a top surface of
the upper receiver 190. The feed cam 210 is connected to
an inside of the proximal receiver portion 171 and ex-
tends proximally over the middle receiver portion 173.
The middle receiver portion 173 has an open top along
the chamber where the feed assembly 199 can be in-
stalled and includes the battery lug 176. A charger 179 is
attached along the bottom, right portion of the upper
receiver 170.

[0044] Referring now to FIG. 11, a perspective view
shows a right and rear sides of a lower receiver 190
configured to attach to the upper receiver 170 of FIG.
10, in accordance with an embodiment. As shown here,
the lower receiver 190 includes an attached grip 191 and
components of the fire control group 193, as will be
appreciated. A proximal end portion 194 is configured
to extend upward along the corresponding portion of the
upper receiver 170 and optionally includes a rail 195 for
attachment of the stock 260, such as shown in FIGS. 1-2.
The lower receiver 190 defines a tube 196 configured to
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retain the hydraulic buffer 302 (not shown) or like com-
ponents. The tube 196 is positioned vertically below the
bore axis when the lower receiver 190 is assembled with
the upper receiver 170, in accordance with some embo-
diments.

[0045] Referring now to FIGS. 12 and 13, perspective
views show a feed cover 220 along with components of
the feed assembly 199, in accordance with an embodi-
ment of the present disclosure. FIG. 12 illustrates the left
and rear sides of the feed cover 220 and FIG. 13 shows a
bottom side of the feed cover 220. In one embodiment,
the feed cover 220 includes a rail 221 that aligns in
continuity with the rail 175 along the top of the upper
receiver portion 170. For example, the rails 221, 175 are
Picatinny rail (i.e., MIL-1913 Rail) or other suitable
mounting rail system, as will be appreciated. A distal
cover portion 222 is constructed to be hingedly attached
to the upper receiver 170 adjacent the battery lug 176.
The feed cover 220 widens moving towards a proximal
cover portion 224 to accommodate components of the
feeding assembly 199, which is configured as a left-side
feed in some embodiments.

[0046] ReferringtoFIG. 13, abottom portion of the feed
cover 220 and feeding assembly 199 are shown. The
distal cover portion 222 includes a feed guide 226 that is
shaped to direct a cartridge to battery as the action
cycles. The feeding mechanism 199 includes a slide
housing 228 with a slide return 229 and a slide 230 with
a feed pawl 231. A return spring (not shown) housed in
the slide return 229 biases the slide 230 towards the left
(for left-hand feed). As a cartridge is moved into the strip
position, the slide 230 moves over top of the round and
the feed pawl 231 occupies the gap between adjacent
cartridges to maintain placement of the cartridge in the
strip position and prevent removal of clipped together
cartridges fromthe rifle 100. Acam feed link 214 is biased
downward and includes atongue 233 shaped to occupy a
cam link receptacle 215 (shown in FIG. 18) on the feed
cam 210 when the feeding assembly 199 is in the
charged position.

[0047] Referring now to FIGS. 14-19, the feeding as-
sembly 199 and individual components are shown in
various positions, in accordance with an embodiment
of the present disclosure. FIG. 14 illustrates a perspec-
tive view showing the top, rear, and left sides of a feed tray
200. The feed tray 200 is shown with a plurality of car-
tridges 20 clipped together as in a belt-feed configuration.
The leading cartridge 20a is in the stripping position and
disposed against a stop block 216 with the projectile
aligned to enter a feed guide entrance 218 of the feed
guide 226 (shown in FIG. 13). In this example, the stop
block 216 is wall or partition that extends upward from the
bottom plate 202 of the feed tray 200 and extends per-
pendicularly to the bore axis. The stop block 216 could
alternately be a post, block, or other structure suitable to
define a stop for the leading cartridge 20a. The rammer
opening 217 is a slot-like opening in the bottom plate 202
and proximal wall of the feed tray 200. The rammer
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opening 217 is aligned with the head of the leading
cartridge 20a and is configured to enable the rammer
136 to engage the leading cartridge 20a when the bolt
130 advances forward to the battery position.

[0048] FIG. 15 illustrates a perspective view showing
the front and right sides of the feed tray 200 of FIG. 14.
One or more pawls 219 are pivotably mounted to extend
up through the feed tray 200 to prevent backwards feed-
ing motion of the cartridges 20. For example, as car-
tridges 20 feed towards the stripping position (e.g., left to
right) the pawl(s) 219 move against spring force into the
bottom plate 202 of the feed tray, and then spring upward
between cartridges 20 to prevent movement of the car-
tridgesin areverse direction. The rammer opening 217 is
located laterally between the pawls 219 and the stop
block 216 in some embodiments. In some embodiments,
the rammer opening 217 widens towards the distal end
portion of the feed tray 200 to permit a cartridge 20 to pass
downward through the slot 204 as it passes into the feed
guide entrance 218 (shown in FIG. 14).

[0049] FIG. 16 is a perspective view showing the top,
left, and rear sides of the feed tray 200 and cam link
receptacle 215, in accordance with an embodiment. Car-
tridges 20 are shown clipped together in a belt config-
uration with a leading cartridge 20a abutting the stop
block 216 on the feed tray 200. The leading cartridge
20a is in the strip position and aligned with a rammer
opening 217 on the feed tray 200.

[0050] FIG. 17 is a perspective view showing the top,
right, and rear sides of the feeding assembly 199 with the
feed cover 220 in an open position, in accordance with an
embodiment. The forward portion 213 of the feed cam
210is aligned behind the leading cartridge 20a due to the
bolt actuator 110 being in the forward position (e.g.,
battery position). In FIG. 18 the cover has been closed
(cover omitted for clarity to show the slide 230). The slide
230 is biased left by the slide return 229 and the cam link
214 is misaligned with the cam link receptacle 215 and
offset from the feed cam 210. When the charger 179 is
operated to place the bolt 130 and bolt actuator 110 in the
charged position, the feed cam 210 shifts left as shown in
FIG. 19. As the feed cam 210 shifts left, a ramp on the
distal end of the feed cam 210 engages the tongue 233 of
the cam feed link 232, displacing the cam feed link up-
ward until the feed cam moves sufficiently to the left for
the tongue 233 to drop into the cam link receptacle 215.
When the bolt actuator 110 moves forward, it pushes the
leading cartridge 20a to battery and shifts the feed cam
210 to the right, thereby causing the feed pawl 231 to
move the next cartridge 20 to the strip position.

[0051] FIG. 20is a perspective view showing top, right,
and rear sides of the feeding assembly 199 in a charged
position, in accordance with an embodiment of the pre-
sentdisclosure. Here, the feed cover 220 is open, and the
leading cartridge 20a loaded into the strip position. In
FIG. 21, the feed cover 220 has been closed (feed cover
220 omitted for clarity), causing the cam feed link 232 to
engage the cam link receptacle 215 in the feed cam 210.
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[0052] Referring now to FIGS. 22-23, a right-side view
and right, rear perspective view show a rifle 100 with a
closed bolt configuration and fixed magazine 196, in
accordance with another embodiment of the present
disclosure. Similar to embodiments discussed above,
rifle 100 includes a lower receiver 190 and an upper
receiver 170. A handguard 240 is attached to the upper
receiver 170 and extends along the barrel 141. Afoldable
stock 260 is attached to a rear end of the lower receiver
190. In FIG. 22, the stock 260 is shown in a deployed
position, andin FIG. 23, the stock 260 is shown in a folded
position. In this embodiment, rifle 100 has a closed-bolt
configuration and uses a detachable box magazine, con-
sistent with rifles based on the AR-15 platform, as will be
appreciated. Ammunition can be fed to the chamber from
a fixed magazine 196 installed in a magazine well 197.
Numerous configurations and variations will be apparent
in light of the present disclosure.

[0053] FIG.24illustrates anexploded perspective view
showing the left and rear sides of some components of
rifle 100 of FIGS. 22-23, including the upper receiver 170,
the lower receiver 190, the barrel group 140, and the
recoil assembly 299. Components of the recoil assembly
299 are also shown in the close-up view of FIG. 25. The
barrel group 140 includes the barrel 141 attached to the
barrel extension 150 with a barrel nut 144. The distal end
portion of the barrel extension 150 engages a battery lug
176, which is pinned to the lower receiver 190 adjacent
the magazine well. In some embodiments, the barrel
assembly 140 can move axially along the battery lug
176. A gas piston assembly 146 includes a gas block
300 mounted on the barrel 141, where the bore of the
barrel 141 communicates with the gas block to actuate a
gaspiston 147. Anoprod 320 is coupled atits distalend to
the gas piston 147 and is pivotably coupled at it proximal
end to the bolt actuator by a connector 111. A spring guide
305 and op-rod spring 306 extend between the connector
111 and the proximal end portion 194 of the lower receiver
190. The proximal end 305a of the spring guide 305 abuts
the proximal end portion 194 of the lower receiver 190 in
the assembled form. The recoil assembly 299 includes a
hydraulic buffer 302 offset from (e.g., located vertically
below) the barrel extension 150. A protrusion 158 on the
barrel extension 150 engages the hydraulic buffer 302.
For example, a flange-like protrusion 158 on the barrel
extension 150 engages and mates with a rim on the distal
end of the hydraulic buffer 302 and/or buffer spring 304.
The hydraulic buffer 302 is atleast partially receivedin the
proximal end portion 194 of the lower receiver 190 in the
assembled form of the rifle 100. An extractor 139 and
charger 179 are mounted along the left side of the barrel
extension 150.

[0054] Referring to FIG. 26, a perspective view illus-
trates the top, right, and rear sides of a recoil assembly
299, in accordance with an embodiment of the present
disclosure. The lower receiver 190 is shown in broken
lines to show the relative positions of the recoil assembly
299 and the lower receiver 190. In this embodiment, the
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boltgroup 108 (including bolt 130 and boltactuator 110)is
slidably received in the barrel extension 150. The op rod
320 is pivotably connected to the bolt actuator 110 by a
connector 111. For example, the connector 111 has a
body 111a constructed to receive the op rod 320 and has
an arm 111b or protrusion that extends from the body
111a to engage the bolt actuator 110. In some embodi-
ments, the bolt actuator 110 defines a transverse slot 135
having a circular profile. The arm 111b of the connector
111 terminates in a corresponding profile such that the
connector 111 can pivot about the joint with the trans-
verse slot 135. Other types of pivoting joints can be used
between the connector 111 and bolt actuator 110, such as
a hinge joint, a ball-and-socket joint, to name a few
examples. Further, the connector 111 can be integral to
op rod 320 or to the bolt actuator 110, or may be omitted,
in accordance with some embodiments.

[0055] Inone embodiment, a spring guide 305 extends
rearwardly from the connector 111 with the proximal end
305a of the spring guide 305 abutting the proximal end
portion 194 of the lower receiver 190 during use. In some
embodiments, the spring guide 305 is a portion of the op
rod 320. The op-rod spring 306 is installed on the spring
guide 305 and compresses when the bolt group 108
moves rearwardly. Upon firing the rifle 100, the bolt group
108 moves rearwardly along the inside of the barrel
extension 150 against the spring force of the op-rod
spring 306, which is positioned between the proximal
end portion 194 of the lower receiver 190 and the con-
nector 111. In some embodiments, the bolt actuator 110
may make contact with the wall of the barrel extension
150 as the bolt group 108 continues rearward, transfer-
ring momentum to the barrel assembly 140. In response
torecoil forces generated by firing the rifle, combined with
any rearward momentum transferred from the bolt group
108, the barrel assembly 140 also moves rearwardly in
direct or indirect engagement with the hydraulic buffer
assembly 300. As noted above, the protrusion 158 on the
barrel extension 150 can engage the actuator 314 of the
hydraulic buffer 302, in accordance with some embodi-
ments. The barrel extension 150 may also engage the
buffer spring 304. The rearward momentum of the barrel
group 140 is absorbed at least in part by the hydraulic
buffer 302 located vertically below the barrel extension
150. Rearward momentum of the bolt 130 and bolt ac-
tuator 110 is absorbed at least in part by the op-rod spring
306. Thus, recoil forces are absorbed and/or dissipated
by a combination of counteracting forces provided by the
op-rod spring 306 acting on the bolt group 108, and by the
hydraulic buffer 302 and buffer spring 304 of the buffer
assembly 300 acting on the barrel assembly 140. By
coupling the barrel extension 150 to the hydraulic buffer
assembly 300, felt recoil can be greatly reduced, in
accordance with some embodiments.

[0056] FIG.27illustrates anexploded perspective view
showing the right and rear sides of some components of
the recoil assembly 299, in accordance with an embodi-
ment of the present disclosure. Components of the bolt
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group 108 are shown, which includes the bolt 130, bolt
actuator 110, and firing pin 116 (the cam pin 122 is not
shown for clarity of illustration). The charger 179 and
extractor 139 are shown separate from the barrel exten-
sion 150. Note that the extractor 139 defines a protrusion
139a that is shaped and configured to be received in an
extractor slot 160 defined in and extending along the bolt
130 and bolt actuator 110. The buffer assembly 300
includes a hydraulic buffer 302 and a buffer spring 304,
both of which can be actuated by the actuator 314 at the
distal end of the buffer assembly 300.

[0057] In accordance with an embodiment of the pre-
sent disclosure, the bolt actuator 110 has a conical sur-
face 125 on the distal end portion 110b that is positioned
distally of the helical cam slot 120. After the bolt actuator
110 has rotated the bolt 130 to lock, the conical surface
125 engages a corresponding conical surface in the bolt
130 (not visible). The conical surface on the bolt 130
serves as a forward stop for the bolt actuator 110. In some
embodiments, the extractor slot 160 extends into the
conical surfaces 125 of the bolt 130 and bolt actuator
110, which creates non-symmetrical stiffness. The com-
bination of non-symmetrical stiffness and conical taper
results in minimizing or eliminating bolt actuation bounce,
thereby ensuring consistent position of the bolt actuator
110 upon firing, in accordance with some embodiments.
[0058] FIG. 28 illustrates a perspective view showing
the rightand rear sides of the bolt group 108, the extractor
139 and charger 179, and the barrel extension 150, in
accordance with an embodiment of the present disclo-
sure. Here, the bolt group 108 is shown in assembled
form with the bolt actuator 110 received in the bolt body
132. The arm 111b of the connector 111 is received in the
transverse slot 135 defined in the top of the bolt actuator
110. Due to the circular profile of this joint, the connector
111 can pivot up or down as needed. The barrel extension
150 defines an extractor opening 157a sized to receive
the protrusion 139a on the extractor 139. A charging
opening 157b is sized to receive the charging pin 179a
that extends laterally from the charger 179. The charging
pin 179 is configured to engage the bolt 130 or bolt
actuator 110 to move the bolt group 108 to a rearward
position (open bolt position) from a closed-bolt position.
[0059] FIG. 29illustrates a perspective view of the bolt
group 108 and connector 111 showing the front and left
sides, including the bolt face 130a; FIG. 30 is a perspec-
tive view showing the top, left, and rear sides of the barrel
extension 150 and other components, in accordance with
some embodiments of the present disclosure. The bolt
actuator 110 is partially received in the hollow bolt body
132 of the bolt 130. The arm 111b of connector 111 is
engaging the transverse slot 135. When coupled to the op
rod 320, the connector 111 moves the bolt group 108
axially along the barrel extension 150 in a forward or
rearward direction. However, movement and rotation of
the bolt 130 is guided by features of the barrel extension
150. One guiding feature is the protrusion 123 on the bolt
actuator 110 that is shaped and configured to extend
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upward into and slide along the top slot 154 of the barrel
extension 150. Also, the bolt group 108 is sized and
constructed to slide along the inside of the barrel exten-
sion 150 as guided by its inside surface. Another guiding
feature is the extractor 139 attached to the barrel exten-
sion 150 and received in the extractor slot 160 extending
along the bolt 130 and bolt actuator 110. When the
protrusion 139a on the extractor 139 occupies the ex-
tractor slot 160, the bolt 130 is prevented from rotating. In
other positions, the bolt 130 may clear the protrusion
139a on the extractor 139, thereby allowing the bolt 130
to rotate, such as when the protrusion 139a aligns with a
region of reduced diameter 124 on the bolt actuator 110
and recess 133 at the proximal end the bolt 130.
[0060] The bolt 130 features an axial extractor slot 160
along the outside surface. Part of the outside surface
along the proximal bolt end portion 132a defines arecess
133 orrelief above or below the extractor slot 160. As the
bolt 130 moves into battery, the recess 133 clears the
ejector 139, freeing the bolt 130 to rotate about the bore
axis 102. After firing, the op rod 320 moves the bolt
actuator 110 rearward faster that the bolt 130, causing
relative motion between the bolt 130 and bolt actuator
110, an in turn causing the cam pin 122 to rotate through
the helical slot 120 and rotate the bolt 130 until it is
unlocked. Once the bolt 130 is unlocked, it moves reward
and the extractor slot 160 re-engages the ejector 139,
which is fixed to the barrel extension 150.

[0061] In use, embodiments of the present disclosure
as variously described herein have advantages over
existing firearms and rifle assemblies. An advantage of
some embodiments is coupling the barrel extension 150
to the hydraulic buffer assembly 300. In doing so, a
greater portion of the recoil forces are dissipated by
the recoil assembly 299, unlike existing recoil assemblies
that act only on the bolt and bolt carrier. As a result, the
operator has reduced felt recoil, which improves control
and precision of therifle. In some embodiments, the recoil
assembly 299 reduces felt recoil by 50% or more, 60% or
more, 70% or more, 80% or more, or about 85% com-
pared to the same rifle with a barrel assembly 140 fixed to
the receiver. In one example rifle using a closed bolt gas
piston system, the recoil energy is reduced from 6.6
ft.-Ibs. to about 2.1 ft.-Ibs., which is comparable to that
of an M4 rifle firing 5.56 x 45 NATO ammunition.

[0062] Another advantage of some embodiments is
that the hydraulic buffer assembly is housed in the lower
receiver. This feature allows the rifle 100 to have a folding
stock 260 since there is no buffer tube, as is the case with
otherrifle assemblies. As aresult, therifle 100 can have a
shorter overall length when the stock 260 is folded. For
example, by locating the buffer assembly to be below the
proximal end of the barrel extension 150, the stock 260
can be moved forward towards the bolt to shorten the
overall length of the rifle to about 31 inches with a 16-inch
barrel 141.

[0063] Another advantage of some embodiments is
that the longer barrel extension 150 allows the use of a
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bolt group 108 with largerlugs 138. The larger lugs 138 in
turn enable increased chamber pressures. For example,
the barrel extension 150 is sized to accommodate the bolt
group 108 during forward and rearward travel.

[0064] Another advantage of some embodiments is
using the barrel extension to guide the movement of
the bolt 150. The barrel extension 150 provides better
guidance of the bolt 130 and allows for looser tolerances
in the bolt, barrel extension, and other components. In
some such embodiments, the bolt actuator 110 functions
to push the bolt forward and backward, but movement
and rotation is guided by the barrel extension 150. The
barrel extension 150 also enables the use of a larger bolt
130, which in turn enables the use of higher chamber
pressures.

[0065] Another advantage of some embodiments is a
reduced loading on the bolt 130 due to recoil forces since
the bolt actuator 110 engages the buffer assembly 299
and dissipates some of the recoil forces acting on the bolt
130 and bolt actuator 110.

[0066] Another advantage of some embodiments is
that the barrel 141 stops on the battery lug 179 for
consistent barrel position on firing. This feature results
in improved shooting precision.

[0067] Another advantage of some embodiments is a
shoulder-fired rifle 100 that has a larger bolt 130 and
operates with increased chamber pressure, where the
rifle is within current weight limitations for soldiers. For
example, the rifle 100 is a shoulder-fired rifle with a weight
of 11.5 pounds or less, including 10.5 pounds or less.
Additionally, the rifle 100 can be configured with familiar
controls found on the AR-15/AR-10 platform or other rifle
platform.

[0068] Another advantage of some embodiments is
using a floating barrel assembly 140. Excess energy of
the barrel assembly 140 is mitigated by the recoil assem-
bly 299. Additionally, in some embodiments, some ex-
cess energy of the bolt 130 and bolt actuator 110 is
transferred to the buffer assembly 300 via the barrel
extension 150.

Further Example Embodiments

[0069] The following examples pertain to further em-
bodiments, from which numerous permutations and con-
figurations will be apparent.

[0070] Example 1 is a recoil assembly for a rifle, the
assembly comprising a rifle upper receiver defining a
primary longitudinal opening and a secondary bore offset
from the primary longitudinal opening, a barrel assembly
slidably received in the primary longitudinal opening and
extending along a primary bore axis, the barrel assembly
including a barrel secured to a barrel extension, a bolt
group slidably received in the barrel extension, the bolt
group including a bolt actuator coupled to a bolt, a gas
piston assembly attached to the barrel and in fluid com-
munication with the secondary bore, the gas piston as-
sembly having a gas piston axially displaceable in re-
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sponse to pressurized gas in the barrel, an operational
rod having a distal end housed in the secondary bore and
arranged for actuation by the gas piston and having a
proximal end coupled to the bolt actuator, and a hydraulic
buffer assembly engaging a proximal end portion of the
barrel extension.

[0071] Example 2 includes the subject matter of Ex-
ample 1, wherein the hydraulic buffer and spring assem-
bly is offset from the bore axis.

[0072] Example 3 includes the subject matter of Ex-
ample 2, wherein the hydraulic buffer assembly is located
in the secondary bore.

[0073] Example 4 includes the subject matter of any of
Examples 1-3, wherein the bolt actuator is received in a
hollow proximal end portion of the bolt.

[0074] Example 5includes the subject matter of any of
Examples 1-4, wherein the operational rod is axially
aligned with the hydraulic buffer assembly, and the recoil
assembly further comprises a spring guide extending
between the operational rod and a hydraulic buffer of
the hydraulic buffer assembly, wherein the hydraulic
buffer resists rearward motion of the operational rod;
and an op-rod spring on the spring guide, wherein the
op-rod spring resists rearward motion of the bolt actuator.
[0075] Example 6 includes the subject matter of Ex-
ample 5, wherein the rifle is a machine gun with an open
bolt configuration.

[0076] Example 7 includes the subject matter of any of
Examples 1-6 and further comprises arifle upper receiver
defining a longitudinal opening, wherein the barrel ex-
tension is slidably received in the longitudinal opening.
[0077] Example 8 includes the subject matter of any of
Examples 1-4, and further comprises a rifle upper recei-
ver defining a longitudinal opening, wherein the barrel
extension is slidably received in the longitudinal opening,
and wherein the barrel and barrel extension are free
floating with respect to the upper receiver.

[0078] Example 9 includes the subject matter of Ex-
ample 8, wherein the operational rod is offset from the
hydraulic buffer assembly, and the recoil assembly
further comprises a lower receiver assembled with the
upper receiver, the lower receiver having a proximal end
portion, the hydraulic buffer assembly at least partially
received in the proximal end portion of the lower receiver;
a spring guide extending between the operational rod
and the proximal end portion of the lower receiver; and a
op-rod spring on the spring guide, wherein the op-rod
spring resists rearward movement of the bolt actuator.
[0079] Example 10 includes the subject matter of Ex-
ample 9, wherein the rifle has a closed bolt configuration.
[0080] Example 11 includes the subject matter of Ex-
ample 9 or 10, wherein the operational rod and the spring
guide are located above and extend along the barrel and
barrel extension, respectively.

[0081] Example 12 includes the subject matter of any
of Examples 1-11 and further comprises a connector
between the op rod and the bolt actuator, wherein the
connector defines a cylindrical joint with the bolt actuator,
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the cylindrical joint communicating only axial movement
between the operational rod and the bolt actuator.
[0082] Example 13 includes the subject matter of any
of Examples 1-12, wherein axial and rotational move-
ment of the bolt is guided by the barrel extension.
[0083] Example 14 includes the subject matter of any
of Examples 1-13, wherein upon firing the rifle, recoil
forces move the bolt, the bolt actuator, the barrel, and the
barrel extension rearwardly with respect to the upper
receiver, and wherein the recoil forces are counteracted
at least in part by a combination of the hydraulic buffer
assembly acting on the barrel extension and the op-rod
spring acting on the bolt actuator.

[0084] Example 15 includes the subject matter of Ex-
ample 14, wherein the hydraulic buffer assembly in-
cludes a buffer spring and a hydraulic buffer, the buffer
spring positioned to resist rearward movement of the
barrel extension, and wherein the op-rod spring resists
rearward movement of the bolt actuator.

[0085] Example 16 includes the subject matter of any
of Examples 1-4 and 7-12, wherein upon firing the rifle,
recoil forces move the bolt, the bolt actuator, the barrel,
and the barrel extension rearwardly with respect to the
upper receiver; and wherein the recoil forces are counter-
acted at least in part by a combination of the hydraulic
buffer assembly acting on the barrel extension and the
op-rod spring acting on the bolt actuator; and wherein the
hydraulic buffer additionally resists rearward movement
of the bolt actuator.

[0086] Example 17 includes the subject matter of any
of Examples 1-16, wherein the recoil assembly dissi-
pates recoil forces by acting on both the barrel extension
and the bolt actuator.

[0087] Example 18 is a recoil assembly for a rifle, the
assembly comprising an upper receiver defining a long-
itudinal opening therethrough; a barrel extension mova-
bly received in the longitudinal opening of the upper
receiver; a barrel secured to a distal end of the barrel
extension, the barrel defining a bore with a bore axis; a
hydraulic buffer assembly below a proximal end portion of
the barrel extension, the hydraulic buffer assembly op-
eratively coupledto the barrel extension; a bolt actuatorin
the barrel extension and movable along an inside of the
barrel extension; a bolt in the barrel extension distally of
the bolt actuator, a proximal end portion of the bolt
defining a recess extending axially therein, wherein a
distal end portion of the bolt actuator is received in the
recess in proximal end portion of the bolt, and wherein the
bolt is movable in the barrel extension along the bore
axis; a gas piston assembly attached to the barrel and in
fluid communication with the bore, the gas piston assem-
bly having a gas piston axially displaceable in response to
pressurized gas in the bore; an operational rod coupled to
the boltactuator viaa connector; and a spring guide with a
op-rod spring coiled along the spring guide, the spring
guide coupled to the connector.

[0088] Example 19 includes the subject matter of Ex-
ample 18 and further comprises a lower receiver as-
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sembled to the upper receiver, wherein the spring guide
extends between a proximal end portion of the lower
receiver and the operational rod, and wherein the hy-
draulic buffer assembly is at least partially received in the
proximal end portion of the lower receiver.

[0089] Example 20 includes the subject matter of Ex-
ample 18 or 19, wherein the connector defines a cylind-
rical connection with the bolt actuator, the cylindrical
connection communicating only axial movement be-
tween the operational rod and the bolt actuator.

[0090] Example 21 includes the subject matter of any
of Examples 18-20, wherein axial and rotational move-
ment of the bolt is guided by the barrel extension.
[0091] Example 22 includes the subject matter of any
of Examples 18-21, wherein the barrel and barrel exten-
sion are free floating with respect to the upper receiver.
[0092] Example 23 includes the subject matter of any
of Examples 18-22, wherein the hydraulic buffer assem-
bly includes a hydraulic buffer and a buffer spring.
[0093] Example 24 includes the subject matter of Ex-
ample 23, wherein the barrel extension engages the
buffer spring and the spring guide engages the hydraulic
buffer.

[0094] Example 25 includes the subject matter of any
of Examples 18-23, wherein upon firing the rifle, recoil
forces move the bolt, the bolt actuator, the barrel, and the
barrel extension rearwardly with respect to the upper
receiver, and wherein the recoil forces are countered
at least in part by a combination of the hydraulic buffer
assembly and the op-rod spring, and wherein the buffer
spring acts on the barrel extension and the op-rod spring
acts on the bolt actuator.

[0095] Example 26 includes the subject matter of Ex-
ample 25, wherein the hydraulic buffer counteracts recoil
forces on the bolt actuator.

[0096] Example 27 includes the subject matter of any
of Examples 18-26, wherein the operational rod is
aligned with the hydraulic buffer.

[0097] Example 28 includes the subject matter of any
of Examples 18-27, wherein the op-rod spring and the
hydraulic buffer assembly are arranged in series.
[0098] Example 29 includes the subject matter of any
of Examples 18-23, wherein the op-rod spring and the
hydraulic buffer assembly are arranged in parallel.
[0099] Example 30 includes the subject matter of any
of Examples 18-29, wherein the recoil assembly acts to
counter recoil forces atleast in part by acting on the barrel
extension and on the bolt actuator.

[0100] Example 31 includes the subject matter of any
of Examples 18-30, wherein upon firing the rifle, recoil
forces move the bolt, the bolt actuator, the barrel, and the
barrel extension rearwardly with respect to the upper
receiver, and wherein the recoil forces are countered
at least in part by a combination of the hydraulic buffer
assembly acting on the barrel extension and the op-rod
spring acting on the bolt actuator.

[0101] Example 32is a boltassembly comprising a bolt
actuator having an actuator body extending from a prox-
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imal actuator end portion to a distal actuator end portion,
the distal actuator end portion defining a firing pin open-
ing; and a bolt with a proximal bolt end portion and a distal
bolt end portion, wherein the proximal bolt end portion is
constructed and arranged to receive the distal actuator
end portion therein, and wherein the distal bolt end por-
tion defines a plurality of lugs.

[0102] Example 33 includes the subject matter of Ex-
ample 32, wherein the proximal bolt end portion defines a
transverse through opening, wherein the actuator body
defines a helical slot therethrough, and wherein the bolt
assembly includes a cam pin sized to extend through the
transverse through opening and through the helical slot
when the distal actuator end portion is received in the bolt
such that when the cam pin is installed through the
transverse through opening and the helical slot, the bolt
and the bolt actuator are coupled to permit relative axial
and rotational movement between the bolt and the bolt
actuator.

[0103] Example 34 includes the subject matter of Ex-
ample 32 or 33, wherein each of the bolt and the bolt
actuator define an extractor slot extending along an out-
side surface.

[0104] Example 35 includes the subject matter of any
of Examples 32-34 further comprising a firing pin retained
in the bolt actuator and extending along a central axis.
[0105] Example 36 includes the subject matter of Ex-
ample 35, wherein a distal end of the bolt actuator defines
a conical surface and an inside of the bolt body defines a
corresponding conical surface, wherein when the conical
surface engages the corresponding conical surface, the
firing pin extends through a distal face of the bolt.
[0106] Example 37 includes the subject matter of any
of Examples 32-36, wherein the bolt actuator defines a
recess in an outside of the actuator body, the recess
extending transversely to the actuator body and having
a circular profile.

[0107] Example 38 includes the subject matter of Ex-
ample 37 and further comprises a connector having a
connector body and having a connector arm extending
from the connector body, wherein an end of the connector
arm is shaped to engage and mate with the recess in the
outside of the actuator body.

[0108] Example 39 includes the subject matter of Ex-
ample 37 or 38, wherein the recess is located along a top
surface of the actuator body.

[0109] Example 40 includes the subject matter of Ex-
ample 37 or 38, wherein the recess is located along a
bottom surface of the actuator body.

[0110] Example 41 includes the subject matter of Ex-
ample 40 and further comprises a cylindrical guide ex-
tending up from a top surface of the proximal actuator end
portion.

[0111] Example 42 includes the subject matter of Ex-
ample 41, wherein the cylindrical guide includes a roller.
[0112] Example 43 includes the subject matter of Ex-
ample 40 and further comprises a rammer attached to
and extending longitudinally along a top of the bolt, the
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rammer protruding upward from the bolt.

[0113] Example 44 includes the subject matter of Ex-
ample 43, wherein the rammer extends longitudinally
between lugs on the distal bolt end portion, and wherein
the rammer is pivotably attached to the bolt.

[0114] Example45includesthe subject matter ofany of
Examples 41-44 and further comprises a feed tray con-
figured to receive belt-fed ammunition; and a feed cam
operatively coupled to the cylindrical guide, the feed cam
having a distal end portion adjacent the feed tray; wherein
reciprocating axial movement of the cylindrical guide
causes reciprocating lateral movement of a distal end
portion of the feed cam.

[0115] Example 46 is arifle including the recoil assem-
bly of any of Examples 1-8, 12-28, or 30-31.

[0116] Example 47 includes the subject matter of Ex-
ample 46, wherein the rifle is a machine configured for
open bolt operation.

[0117] Example 48 includes the subject matter of Ex-
ample 46 or 47 further comprising a folding stock at-
tached to a proximal end of the lower receiver.

[0118] Example 49 is arifle including the recoil assem-
bly of any of Examples 1-4, 7-15, 17-23, 25, or 29-31.
[0119] Example 50 includes the subject matter of Ex-
ample 49, wherein the rifle is a semi-automatic or auto-
matic rifle configured for closed bolt operation.

[0120] Example 51 includes the subject matter of Ex-
ample 49 or 50 and further comprises a folding stock
attached to a proximal end of the lower receiver.

[0121] Example 52 includes the subject matter of Ex-
ample 49, wherein the rifle is a machine gun having an
open bolt gas operating system.

[0122] Example 53 includes the subject matter of Ex-
ample 51 or 52, wherein the bolt group comprises the bolt
assembly of any of Examples 34-40 and 43-48.

[0123] Example 54 is arifle including the recoil assem-
bly of any of Examples 1-4, 8-12, 18-22, 24, or 28.
[0124] Example 55 includes the subject matter of Ex-
ample 54, wherein the rifle is a semi-automatic or auto-
matic rifle having a closed bolt gas operating system.
[0125] Example 56 includes the subject matter of Ex-
ample 54 or 55, wherein the bolt group comprises the bolt
assembly of any of any of Examples 34-42.

[0126] Example 57 includes the subject matter of any
of Examples 49-56 and further comprises a folding stock
attached to a proximal end of the lower receiver.

[0127] Example 58 is a recoil assembly for a rifle, the
assembly comprising an upper receiver defining a long-
itudinal opening therethrough; a barrel extension mova-
bly received in the longitudinal opening of the upper
receiver; a barrel secured to a distal end of the barrel
extension, the barrel defining a bore with a bore axis; a
hydraulic buffer assembly below a proximal end portion of
the barrel extension, the hydraulic buffer assembly op-
eratively coupled to the barrel extension; a boltactuatorin
the barrel extension and movable along an inside of the
barrel extension; a bolt in the barrel extension distally of
the bolt actuator, a proximal end portion of the bolt
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defining a recess extending axially therein, wherein a
distal end portion of the bolt actuator is received in the
recess in proximal end portion of the bolt, and wherein the
bolt is movable in the barrel extension along the bore
axis; a gas piston assembly attached to the barrel and in
communication with the bore, the gas piston assembly
having a gas piston axially displaceable in response to
pressurized gas in the bore; an operational rod coupled to
the boltactuator viaa connector; and a spring guide with a
recoil spring coiled along the spring guide, the spring
guide coupled to the connector.

[0128] Example 59 includes the subject matter of Ex-
ample 58 and further comprises a lower receiver as-
sembled to the upper receiver, wherein the spring guide
extends between a proximal end portion of the lower
receiver and the operational rod, and wherein the hy-
draulic buffer assembly is at least partially received in the
proximal end portion of the lower receiver.

[0129] Example 60 includes the subject matter of Ex-
ample 58 or 59, wherein the connector defines a cylind-
rical connection with the bolt actuator, the cylindrical
connection communicating only axial movement be-
tween the operational rod and the bolt actuator.

[0130] Example 61 includes the subject matter of any
of Examples 58-60, wherein axial and rotational move-
ment of the bolt is guided by the barrel extension.
[0131] Example 62 includes the subject matter of any
of Examples 58-61, wherein the barrel and barrel exten-
sion are free floating with respect to the upper receiver.
[0132] Example 63 includes the subject matter of any
of Examples 58-62, wherein the hydraulic buffer assem-
bly includes a hydraulic buffer and a buffer spring.
[0133] Example 64 includes the subject matter of Ex-
ample 63, wherein the barrel extension engages the
buffer spring and the spring guide engages the hydraulic
buffer.

[0134] Example 65 includes the subject matter of any
of Examples 58-63, wherein upon firing the rifle, recoil
forces move the bolt, the bolt actuator, the barrel, and the
barrel extension rearwardly with respect to the upper
receiver, and wherein the recoil forces are countered
at least in part by a combination of the hydraulic buffer
assembly and the recoil spring, and wherein the buffer
spring acts on the barrel extension and the recoil spring
acts on the bolt actuator.

[0135] Example 66 includes the subject matter of Ex-
ample 65, wherein the hydraulic buffer counteracts recoil
forces on the bolt actuator.

[0136] Example 67 includes the subject matter of any
of Examples 58-66, wherein the operational rod is
aligned with the hydraulic buffer.

[0137] Example 68 includes the subject matter of any
of Examples 58-67, wherein the recoil spring and the
hydraulic buffer assembly are arranged in series.
[0138] Example 69 includes the subject matter of any
of Examples 58-67, wherein the recoil spring and the
hydraulic buffer assembly are arranged in parallel.
[0139] Example 70 includes the subject matter of any
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of Examples 58-69, wherein the recoil assembly acts to
counter recoil forces atleast in part by acting on the barrel
extension and on the bolt actuator.

[0140] Example 71 includes the subject matter of any
of Examples 58-69, wherein upon firing the rifle, recoil
forces move the bolt, the bolt actuator, the barrel, and the
barrel extension rearwardly with respect to the upper
receiver, and wherein the recoil forces are countered
at least in part by a combination of the hydraulic buffer
assembly acting on the barrel extension and the recoil
spring acting on the bolt actuator.

[0141] The embodiments of the disclosure and the
various features thereof are discussed with reference
to the non-limiting embodiments and examples that are
illustrated in the accompanying drawings. It should be
noted that the features illustrated in the drawings are not
necessarily drawn to scale, and features of one embodi-
ment may be employed with other embodiments as the
skilled artisan would recognize, even if not explicitly
stated herein. Descriptions of certain components and
processing techniques may be omitted so as to not un-
necessarily obscure the embodiments of the disclosure.
The examples used herein are intended merely to facil-
itate an understanding of ways in which the disclosure
can be practiced and to further enable those of skill in the
art to practice the embodiments of the disclosure. Ac-
cordingly, the examples and embodiments herein should
not be construed as limiting the scope of the disclosure.
Moreover, it is noted that like reference numerals repre-
sent similar parts throughout the several views of the
drawings unless otherwise noted.

[0142] Itis understood that the disclosure is not limited
to the particular methodology, devices, apparatus, ma-
terials, applications, etc., described herein, as these may
vary. Itis also to be understood that the terminology used
herein is used for the purpose of describing particular
embodiments only and is notintended to limit the scope of
the disclosure. It must be noted thatas used hereinand in
the appended claims, the singular forms "a," "an," and
"the" include plural reference unless the context clearly
dictates otherwise.

[0143] Unless defined otherwise, all technical and
scientific terms used herein have the same meanings
as commonly understood by one of ordinary skill in the art
to which this disclosure belongs. Preferred methods,
devices, and materials are described, although any
methods and materials similar or equivalent to those
described herein can be used in the practice or testing
of the disclosure.

[0144] Those skilled in the art will appreciate that many
modifications to the embodiments are possible without
departing from the scope of the disclosure. In addition, it
is possible to use some of the features of the embodi-
ments described without the corresponding use of the
other features. Accordingly, the foregoing description of
the exemplary embodiments is provided for the purpose
of illustrating the principle of the disclosure, and not in
limitation thereof, since the scope of the disclosure is
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defined solely by the appended claims.
[0145] The disclosure also comprises the following
embodiments:

and barrel extension are free floating with respect to
the upper receiver.

EX 8. The recoil assembly of EX 1, wherein the

EX 1. A recoil assembly for a rifle, the assembly 5 operational rod is offset from the hydraulic buffer
comprising: assembly, the recoil assembly further comprising:
a rifle upper receiver defining a primary long- a lower receiver assembled with the upper re-
itudinal opening and a secondary bore offset ceiver, the lower receiver having a proximal end
from the primary longitudinal opening; 10 portion, the hydraulic buffer assembly at least
a barrel assembly slidably received in the pri- partially received in the proximal end portion of
mary longitudinal opening and extending along the lower receiver;
a primary bore axis, the barrel assembly includ- a spring guide extending between the opera-
ing a barrel secured to a barrel extension; tional rod and the proximal end portion of the
a bolt group slidably received in the barrel ex- 15 lower receiver; and
tension, the bolt group including a bolt actuator an op-rod spring on the spring guide, wherein
coupled to a bolt; the op-rod spring resists rearward movement of
agas piston assembly attached to the barrel and the operational rod.
in fluid communication with the secondary bore,
the gas piston assembly having a gas piston 20 EX 9. The recoil assembly of EX 8, wherein the rifle
axially displaceable in response to pressurized has a closed bolt configuration.
gas in the barrel;
an operational rod having a distal end housed in EX 10. The recoil assembly of EX 8, wherein the
the secondary bore and arranged for actuation operational rod and the spring guide are located
by the gas piston and having a proximal end 25 above and extend along the barrel and barrel exten-
coupled to the bolt actuator; and sion, respectively.
a hydraulic buffer assembly engaging a proximal
end portion of the barrel extension. EX 11. The recoil assembly of EX 1, wherein axial
and rotational movement of the bolt is guided by the
EX 2. The recoil assembly of EX 1, wherein the 30 barrel extension.
hydraulic buffer assembly is offset from the bore axis
EX The recoil assembly of EX 1, wherein upon firing
EX 3. The recoil assembly of EX 2, wherein the the rifle, recoil forces move the bolt, the bolt actuator,
hydraulic bufferassembly is located in the secondary the barrel, and the barrel extension rearwardly with
bore. 35 respect to the upper receiver, and wherein the recoil
forces are counteracted by a combination of the
EX 4. The recoil assembly of EX 1, wherein the bolt hydraulic buffer assembly and op-rod spring acting
actuator is received in a hollow proximal end portion on the barrel extension.
of the bolt.
40 EX 13. The recoil assembly of EX 1 where upon firing
EX 5. The recoil assembly of EX 1, wherein the the rifle, expanding gases propel the gas piston
operational rod is axially aligned with the hydraulic rearward with the operational rod wherein the ex-
buffer assembly, the recoil assembly further com- panding gases have an opposite effect to slow move-
prising: ment of the barrel assembly.
45
a spring guide extending between the opera- EX 14. The recoil assembly of EX 1 wherein a return
tional rod and a hydraulic buffer of the hydraulic stroke of the operational rod is partially slowed by the
buffer assembly, wherein the hydraulic buffer operational rod spring with the remaining energy
resists rearward motion of the operational rod; slowed by contact with the operational spring guide
and 50 which transfers energy of the operational rod to the
an operational rod spring on the spring guide, barrel extension.
wherein the operational rod resists rearward
motion of the bolt actuator. EX 15. A recoil assembly for a rifle, the assembly
comprising:
55

EX 6. The recoil assembly of EX 5, wherein therifle is
a machine gun with an open bolt configuration.

EX7.Therecoilassembly of EX 1, wherein the barrel

17

an upper receiver defining a longitudinal open-
ing therethrough;
a barrel extension movably received in the long-
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itudinal opening of the upper receiver;

a barrel secured to a distal end of the barrel
extension, the barrel defining a bore with a bore
axis;

a hydraulic buffer assembly below a proximal
end portion of the barrel extension, the hydraulic
buffer assembly operatively coupled to the bar-
rel extension;

a bolt actuator in the barrel extension and mo-
vable along an inside of the barrel extension;
a bolt in the barrel extension distally of the bolt
actuator, a proximal end portion of the bolt defin-
ing a recess extending axially therein, wherein a
distal end portion of the bolt actuator is received
in the recess in proximal end portion of the bolt,
and wherein the bolt is movable in the barrel
extension along the bore axis;

agas piston assembly attached to the barrel and
in fluid communication with the bore, the gas
piston assembly having a gas piston axially
displaceable in response to pressurized gas in
the bore;

an operational rod coupled to the bolt actuator
via a connector; and

a spring guide with a op-rod spring coiled along
the spring guide, the spring guide coupled to the
connector.

EX 16. The recoil assembly of EX 15 further com-
prising a lower receiver assembled to the upper
receiver, wherein the spring guide extends between
a proximal end portion of the lower receiver and the
operational rod, and wherein the hydraulic buffer
assembly is at least partially received in the proximal
end portion of the lower receiver.

EX 17. The recoil assembly of EX 15, wherein axial
and rotational movement of the bolt is guided by the
barrel extension.

EX 18. The recoil assembly of EX 18, wherein the
barrel and barrel extension are free floating with
respect to the upper receiver.

EX 19. The recoil assembly of EX 15, wherein the
hydraulic buffer assembly includes a hydraulic buffer
and a buffer spring extending along an outside of the
hydraulic buffer and wherein the barrel extension
engages the buffer spring and the spring guide en-
gages the hydraulic buffer.

EX 20. The recoil assembly of EX 15, wherein upon
firing the rifle, recoil forces move the bolt, the bolt
actuator, the barrel, and the barrel extension rear-
wardly with respect to the upper receiver, and where-
in the recoil forces are countered at least in partby a
combination of the hydraulic buffer assembly and the
op-rod spring, and wherein the buffer spring acts on
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the barrel extension and the op-rod spring acts on the
bolt actuator.

EX 21. The recoil assembly of EX 15, wherein the
operational rod is aligned with the hydraulic buffer
and wherein the hydraulic buffer counteracts recoil
forces on the bolt actuator.

EX 22. The recoil assembly of EX 15, wherein the
recoil assembly acts to counter recoil forces at least
in part on the barrel extension and on the bolt ac-
tuator.

EX 23. A bolt assembly comprising:

a bolt actuator having an actuator body extend-
ing from a proximal actuator end portion to a
distal actuator end portion, the distal actuator
end portion defining a firing pin opening; and
aboltwith a proximal bolt end portion and a distal
bolt end portion, wherein the proximal bolt end
portion is constructed and arranged to receive
the distal actuator end portion therein, and
wherein the distal bolt end portion defines a
plurality of lugs.

EX 24. The bolt assembly of EX 23, wherein the
proximal bolt end portion defines a transverse
through opening, wherein the actuator body defines
a helical slot therethrough, and wherein the bolt
assembly includes a cam pin sized to extend through
the transverse through opening and through the
helical slot when the distal actuator end portion is
received in the bolt such that when the cam pin is
installed through the transverse through opening
and the helical slot, the bolt and the bolt actuator
are coupled to permit relative axial and rotational
movement between the bolt and the bolt actuator.

EX 25. The bolt assembly of EX 23, wherein each of
the bolt and the bolt actuator define an extractor slot
extending along an outside surface.

EX 26. The bolt assembly of EX 23, wherein a distal
end of the bolt actuator defines a conical surface and
an inside of the bolt body defines a corresponding
conical surface, wherein the conical surface is con-
figured to engage the corresponding conical surface.

EX 27. The bolt assembly of EX 26 further compris-
ing a cylindrical guide extending up from a top sur-
face of the proximal actuator end portion.

EX 28. The bolt assembly of EX 27 further compris-
ing a rammer attached to and extending longitudin-
ally along a top of the bolt, the rammer protruding
upward from the bolt.
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EX 29. The bolt assembly of EX 28 further compris-
ing:

afeed tray configured to receive belt-fed ammu-
nition; and

afeed cam operatively coupled to the cylindrical
guide, the feed cam having a distal end portion
adjacent the feed tray;

wherein reciprocating axial movement of the
cylindrical guide causes reciprocating lateral
movement of a distal end portion of the feed
cam.

EX 30. The bolt assembly of EX 25 further compris-
ing a firing pin retained in the bolt actuator, the firing
pin extending along a central axis of the bolt.

EX 31. The bolt assembly of EX 23, wherein the bolt
actuator defines a recess in an outside of the actua-
tor body, the recess extending transversely to the
actuator body.

EX 32. The bolt assembly of EX 31 further compris-
ing a connector having a connector body and a
connector arm extending from the connector body,
wherein an end of the connector arm is shaped to
engage and mate with the recess in the outside of the
actuator body.

EX 33. The bolt assembly of EX 32, wherein the
recess has a circular profile.

EX 34. The bolt assembly of EX 31 wherein the
recess is located along a top surface of the actuator
body.

EX 35. The bolt assembly of EX 31 wherein the
recess is located along a bottom surface of the
actuator body.

EX 36. The bolt assembly of EX 41 further compris-
ing a cylindrical guide extending up from a top sur-
face of the proximal actuator end portion.

EX 37. The bolt assembly of EX 36, wherein the
cylindrical guide includes a roller.

EX 38. The bolt assembly of EX 37 further compris-
ing a rammer attached to and extending longitudin-
ally along a top of the bolt, the rammer protruding
upward from the bolt.

EX 39. The bolt assembly of EX 38, wherein the
rammer extends longitudinally between lugs on
the distal bolt end portion, and wherein the rammer
is pivotably attached to the bolt.

EX 40. A rifle comprising the recoil assembly of any
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of EX 1-22.

EX 41. The rifle of EX 40, wherein the rifle is a
machine having an open bolt gas operating system.

EX42. Therifle of EX40 or41, wherein the bolt group
comprises the bolt assembly of any of EX 23-39.

EX 43. Arifle including the recoil assembly of any of
EX 23-39.

Claims

A firearm recoil assembly (299) comprising:

a barrel assembly (140) including a barrel (141)
and a barrel extension (150), the barrel defining
a bore along a bore axis (102);

a hydraulic buffer assembly (300) below and
operatively coupled to the barrel extension;

a bolt assembly (108) slidably received in the
barrel extension (150), the bolt assembly (108)
including a bolt (130) movably coupled to a bolt
actuator (110);

a connector (111) on the bolt actuator (110),
wherein part of the connector (111) extends
through a slot (154) defined in the barrel exten-
sion (150);

a gas piston assembly in fluid communication
with the bore, the gas piston assembly including
a gas piston (147) axially displaceable in re-
sponse to pressurized gas in the bore; and

an operational rod (320) having a distal end
coupled to the gas piston (147) and having a
proximal end coupled to the connector (111).

The firearm recoil assembly (299) of claim 1, wherein
a proximal end of the bolt (130) defines a cavity (133)
and wherein part (110b) of the bolt actuator (110) is
movably received in the cavity (133) of the bolt (130).

The firearm recoil assembly (299) of claim 1 or 2,
further comprising a receiver defining a longitudinal
opening, wherein the barrel assembly (140) is slid-
ably received in the longitudinal opening.

The firearm recoil assembly (299) of any one of the
preceding claims, wherein the operational rod (320)
is above the barrel assembly (140).

The firearm recoil assembly (299) of claim 4, wherein
the hydraulic buffer assembly (300) is configured
and arranged to arrest rearward movement of the
barrel assembly (140), and wherein the connector
(111) is between the operational rod (320) and a
recoil spring (306) such that the recoil spring (306)
is configured and arranged to arrest rearward move-
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ment of the bolt assembly (108).

The firearm recoil assembly (299) of claim 4 or 5,
wherein the operational rod (320) is configured and
arranged in parallel with the hydraulic buffer assem-
bly (300) to dissipate recoil forces.

The firearm recoil assembly (299) of any one of
claims 4 to 6, further comprising arifle lower receiver
(190) with a proximal end portion (194), wherein the
operational rod (320) extends to the proximal end
portion of the lower receiver (190) and includes a
recoil spring (306), and wherein the operational rod
(320) and the recoil spring (306) are configured and
arranged to arrest rearward movement of the bolt
assembly (108), wherein in particular the hydraulic
buffer assembly (300) is housed in the lower receiver
(190).

The firearm recoil assembly (299) of any one of
claims 1 to 3, wherein the operational rod (320) is
below the barrel assembly (140).

The firearm recoil assembly (299) of claim 8, wherein
the hydraulic buffer (302) is coaxially arranged with
the operational rod (320) and/or wherein the hydrau-
lic buffer (302) is configured and arranged to arrest
rearward movement of the barrel assembly (140).

The firearm recoil assembly (299) of claim 8 or 9,
further comprising:

a spring guide (305) between the hydraulic buf-
fer (302) and the connector (111); and

a recoil spring (306) on the spring guide (305),
the recoil spring configured and arranged to bias
the operational rod (320);

wherein the hydraulic buffer (302) and the recoil
spring (306) are arranged in series to arrest
rearward movement of the bolt assembly (108).

The firearm recoil assembly (299) of any one of the
preceding claims, wherein the barrel extension (150)
is configured to guide axial movement and rotation of
the bolt (130).

A firearm receiver assembly comprising:

a rifle receiver (170) defining a longitudinal
opening;

the rifle recoil assembly (299) of any one of
claims 1 to 11;

wherein part of the barrel assembly (140) is
slidably received in the longitudinal opening of
the rifle receiver (170); and

wherein part of the bolt actuator (110) extends
through the barrel extension (150).
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The firearm receiver assembly of claim 12, wherein
the hydraulic buffer assembly (300) includes a hy-
draulic buffer (302) and a buffer spring (304) on an
outside of the hydraulic buffer (302), the buffer spring
(304) configured and arranged to act on the barrel
extension (150) and the hydraulic buffer (302) con-
figured and arranged to act on the operational rod
(320).

The firearm receiver assembly of claim 12 or 13,
wherein the barrel extension (150) is configured to
guide axial and rotational movement of the bolt
(130).

The firearm receiver assembly of any one of claims
12 to 14, further comprising an extractor (139) on an
outside of the barrel extension (150), the extractor
(139) having a protrusion (179a) that extends
through the barrel extension (150) and is received
in a slot (160) defined in the bolt (130).
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