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RECOIL MITIGATION AND BUTTSTOCK FLOATING SYSTEM,

METHOD, AND APPARATUS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No. 61/955,452,
filed on March 19, 2014 and entitled “AR Floating Buffer Tube,” and U.S. Provisional Patent
Application No. 62/117,335, filed on February 17, 2015 and entitled “Recoil Mitigation And
Buttstock Floating System, Method, And Apparatus,” each by Robert Irvin, each of which are
hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The invention relates to recoil mitigation and buttstock floating (RMBF) devices and
RMBF adapter mechanisms for firearms, such as carbines, shotguns, assault rifles, and rifles as a
whole.

BACKGROUND OF THE INVENTION
[0003] A buffer tube, such as those for a collapsible buttstock on a rifle (such as the M4), is

typically a hollow tube that is closed (or partially closed) at one end, wherein the open end is
attached to a receiver coupled to a firearm. A buffer tube serves two general functions: first, it holds
the recoil spring and a recoil buffer inside its hollow chamber. The recoil spring and recoil buffer
push the firearm bolt forward when the trigger is pulled or the bolt catch is depressed. Additionally,
the buffer tube acts as an attachment mount for the firecarm’s collapsible or non-collapsible
buttstock.

[0004] Conventional buffer tubes are designed in an axially fixed arrangement intended for
“normal” use. That is, when firing, the buttstock properly sets on the user’s shoulder when the
firearm is held orthogonally to the user’s body, with the bottom of the firecarm pointing straight
down toward the ground. However, when a firearm user is under cover, the fircarm must often be
held at non-orthogonal and non-ideal angles. For example, when the user is on his stomach in a
prone position, the fircarm may be held somewhat parallel to the user’s body, but at a 45° angle
relative to the ground because the ammunition magazine is obstructed by the ground. As a result,
the firearm is not in a proper shoulder location.

[0005] When the buttstock of the firearm is not positioned in the proper shoulder location, shots

are inaccurate due to lack of firearm stability. Further, significant recoil drift exists, thus making
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several shots in quick succession impractical. Finally, recoil may possibly injure the user. Each of
which are undesirable. Several other scenarios exist that force a firecarm user with a buttstock
configured for normal operation to use an improper shoulder location for the buttstock, such as
when firing under a vehicle, firing inside of a vehicle, and firing around a corner. Moreover, some
firearms are equipped with two or more scopes (or colored dots) that are set for precision shots at
different distances. Only one such scope can be set in one line of sight; in order to use multiple
sights, these would be attached to the firearm at different lines of sight offset from the normal line
of sight (different firearm axial angles), usually set at 45° from the neutral line of sight. In order to
use such different scopes, the fircarm should be tilted to allow the operator to line up the scope with
the line of sight and take aim at a target, however, this will position the firearm buttstock in a
non-ideal position for the operator to take a precision shot or control the firearm recoil. A series of
quick, proper shots may be what separates a soldier from life or death in these scenarios and having
proper shoulder location is critical towards successful, quick shots.

[0006] Historically, changing the axial angle of conventional, collapsible buttstocks relative to
the rest of the fircarm requires disassembling the components of the firearm and then re-assembling
them in a desired configuration. As expected, such an approach is impractical for field use and
inconvenient, at best, for enthusiast use. For example, United States Patent No 7,024,812 by James
B. Nelson (“Nelson”) discloses a gun stock pivot. More specifically, Nelson describes an accessory
that permits the buttstock to rotate to indexed positions about an axis substantially parallel to the
axis of the barrel. However, according to the Nelson design, it would be more difficult to quickly
and easily switch between positions as Nelson uses locking dowel pins to secure the buttstock in a
desired position. Therefore, it is desirable to create a fircarm that is capable of changing its
buttstock angle quickly, such that it can be properly shouldered when the fircarm is not at the
standard orthogonal angle relative to its user. More importantly, it is critical to be able to change the
buttstock angle while maintaining the target or the potential source of danger in sight.

SUMMARY OF THE INVENTION

[0007] The present disclosure is directed to a buffer tube for fircarms and a fircarm that is
capable of changing its buttstock angle, as disclosed herein or in the Detailed Description below.
[0008] According to a first aspect, a method of manufacturing a floating buffer tube comprises:

attaching a bracket for mounting a buttstock to a tube component that connects to a firearm;
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wherein the bracket can rotate around the tube component thereby defining an axis of rotation, and
wherein the position of the bracket can be locked at a plurality of axial angles.

[0009] According to a second aspect, a recoil mitigation and buttstock floating (RMBF) device
for a fircarm comprises: a tube component configured to attach to a fircarm; and a bracket for
mounting a buttstock; wherein the bracket is coupled to the bracket (or buttstock) and configured to
rotate relative to the tube component, thereby defining an axis of rotation, and wherein the position
of the bracket relative to the tube component can be locked at one of a plurality of axial angles.
[0010] According to a third aspect, a RMBF adapter mechanism comprises, a first housing,
wherein the first housing couples to a movable buttstock portion; a second housing, wherein the
second housing couples to a fixed firearm portion; a helical spring disposed between said first
housing and said second housing; and a device configured to secure the first housing to the second
housing.

[0011] According to a fourth aspect, a method of axially rotating components of a firecarm
comprises: applying a lateral force to a first component of a firearm, said lateral force compressing
a helical spring within said firearm; and applying a rotational force to the first component of the
fircarm relative to a second component, wherein the first component rotates relative to a
longitudinal axis of the second component, thereby defining an axis of rotation, and wherein a
position of the first component relative to the second component can be locked at one of a plurality
of axial angles. In certain aspects, the first component may be a buttstock, and said second
component may comprise a firing mechanism.

[0012] In certain aspects, the tube component comprises an open end and a closed end, wherein
the open end comprises a connecting component to secure it to a firearm.

[0013] In certain aspects, the RMBF device further comprises a recoil spring and a recoil buffer
weight, wherein the recoil spring is inside of the tube component and is in contact with the closed
end and the recoil buffer weight is attached to the other end of the recoil spring.

[0014] In certain aspects, a buttstock is coupled to the bracket. The bracket may comprise an
annular ring at a first end of the bracket that goes around the tube component to secure the bracket
to the tube component, wherein the tube component is inside of the annular ring.

[0015] In certain aspects, the bracket comprises a bolt hole on a second end of the bracket; the

tube component comprises a bolt hole in the center of a closed end of the tube; and a first bolt
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engages the bracket’s bolt hole and the tube component’s bolt hole to secure the components
together and define the axis of rotation around the first bolt.

[0016] In certain aspects, the RMBF device further comprises an expansive component that
applies expansive force to push the bracket away from the tube down the first bolt until the bolt
catches to create a maximum extension of the RMBF device.

[0017] In certain aspects, the expansive component is a helical spring.

[0018] In certain aspects, the RMBF device further comprises: a second bolt connected to the
bracket; and an extension of the tube component that comprises a cutout that is shaped to receive
the second bolt; wherein the cutout has several grooves such that, at rest, the expansive component
pushes the second bolt into one of said grooves locking the rotation of the bracket relative to the
tube component.

[0019] In certain aspects, compressive force can be applied to the RMBF device to compress the
expansive component thereby freeing the bolt from the grooves, such that the bracket can be rotated
around the tube and such that the second bolt can engage a different groove when the compressive
force is removed.

[0020] In certain aspects, the RMBF device further comprises an expansive component that
applies expansive force to push the bracket away from the tube down the axis of rotation until a first
bolt catches to create a maximum extension of the RMBF device.

[0021] In certain aspects, the RMBF device further comprises: a second bolt connected to the
bracket; and an extension of the tube component that comprises a cutout that is shaped to receive
the second bolt; wherein the cutout has several grooves such that, at rest, the expansive component
pushes the second bolt into one of said grooves locking the rotation of the bracket around the tube
component; and wherein compressive force can be applied to the RMBF device to compress the
expansive component thereby freeing the second bolt from the grooves, such that the bracket can be
rotated around the tube and such the bolt can engage a different groove when the compressive force
is removed.

[0022] In certain aspects, the floating buffer tube further comprises a cutout in the tube
component or an attached component that comprises grooves that engage with the bracket.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0023] The features of the present invention will best be understood from a detailed description
of the invention and a preferred embodiment thereof selected for the purposes of illustration and
shown in the accompanying drawings in which:

[0024]  Figure laillustrates a side view of a conventional buffer tube.

[0025]  Figure 1b illustrates a bottom view of a conventional buffer tube.

[0026] Figure 2a illustrates a perspective view of a recoil mitigation and buttstock floating
(RMBF) device in accordance with an aspect of the present invention.

[0027]  Figure 2b illustrates a side view of the RMBF device of Figure 2a.

[0028]  Figure 3a illustrates a perspective view of a RMBF device mechanism’s tube portion.
[0029] Figure 3b illustrates a perspective view of the RMBF device mechanism.

[0030] Figure 3c illustrates a first cross-sectional view of the RMBF device mechanism of
Figure 3b.

[0031] Figure 3d illustrates a second cross-sectional view of the RMBF device mechanism of
Figure 3b.

[0032] Figure 3e illustrates a top perspective view of the RMBF device mechanism of Figure 3b.
[0033] Figure 3f illustrates a top perspective view of the RMBF device mechanism having only a
single axial adjustment position.

[0034] Figure 3g illustrates an exploded cross-sectional view of the RMBF device mechanism of
Figure 3b.

[0035] Figures 4a and 4b illustrate a top perspective view of a first RMBF device mechanism
having two axial adjustment positions.

[0036] Figure 4c illustrates a rear view of a fircarm embodying the RMBF device mechanism of
Figures 4a and 4b in a rotated position.

[0037] Figures 5a and 5b illustrate a top perspective view of a second RMBF device mechanism
having two axial adjustment positions.

[0038]  Figure 5c illustrates a rear view of a fircarm embodying the RMBF device mechanism of
Figures 5a and 5b in a rotated position.

[0039] Figure 6a illustrates a top perspective view of a RMBF device mechanism having
three axial adjustment positions in a first axially rotated position.

[0040] Figure 6b illustrates a rear perspective view of a first fircarm embodying the RMBF

device mechanism having three axial adjustment positions in the first axially rotated position.
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[0041] Figure 6¢ illustrates a rear view of the firearm of Figure 6b with the buttstock removed.
[0042]  Figure 6d illustrates a rear view of the fircarm of Figure 6b with the buttstock installed.
[0043]  Figure 6¢ illustrates a side perspective view of the firearm of Figure 6b with the buttstock
removed.

[0044] Figure 6f illustrates a side perspective view of the firearm of Figure 6b with the buttstock
installed.

[0045] Figure 7a illustrates a top perspective view of the RMBF device mechanism having
three axial adjustment positions in a default upright position.

[0046] Figure 7b illustrates a rear perspective view of a first fircarm embodying the RMBF
device mechanism having three axial adjustment positions in the default upright position.

[0047]  Figure 7c¢ illustrates a rear view of the firearm of Figure 7b with the buttstock removed.
[0048]  Figure 7d illustrates a rear view of the fircarm of Figure 7b with the buttstock installed.
[0049] Figure 7e illustrates a side perspective view of the firearm of Figure 7b with the buttstock
removed.

[0050] Figure 7f illustrates a side perspective view of the firearm of Figure 7b with the buttstock
installed.

[0051] Figure 8a illustrates a top perspective view of a RMBF device mechanism having
three axial adjustment positions in a second axially rotated position.

[0052] Figure 8b illustrates a rear perspective view of a first fircarm embodying the RMBF
device mechanism having three axial adjustment positions in the second axially rotated position.
[0053] Figure 8c illustrates a rear view of the firearm of Figure 8b with the buttstock removed.
[0054] Figure 8d illustrates a rear view of the fircarm of Figure 8b with the buttstock installed.
[0055] Figure 8e illustrates a side perspective view of the firearm of Figure 8b with the buttstock
removed.

[0056] Figure 8fillustrates a side perspective view of the firearm of Figure 8b with the buttstock
installed.

[0057] Figures 9a through 9f illustrate side views of the first firearm embodying the RMBF
device mechanism during various stages of lateral extension.

[0058] Figure 10a illustrates a top perspective view of a RMBF device mechanism having

three axial adjustment positions in a default upright position.
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[0059] Figure 10D illustrates a rear perspective view of a second firearm embodying the RMBF
device mechanism having three axial adjustment positions in the default upright position.

[0060] Figure 10c illustrates a rear view of the fircarm of Figure 10b with the buttstock removed.
[0061] Figure 10d illustrates a rear view of the firearm of Figure 10b with the buttstock installed.
[0062] Figure 10¢ illustrates a side perspective view of the firearm of Figure 10b with the
buttstock removed.

[0063] Figure 10f illustrates a side perspective view of the fircarm of Figure 10b with the
buttstock installed.

[0064] Figure 11a illustrates a top perspective view of the RMBF device mechanism having
three axial adjustment positions in a first axially rotated position.

[0065] Figure 11D illustrates a rear perspective view of a second firearm embodying the RMBF
device mechanism having three axial adjustment positions in the first axially rotated position.

[0066] Figure 11c illustrates a rear view of the fircarm of Figure 11b with the buttstock removed.
[0067] Figure 11d illustrates a rear view of the firearm of Figure 11b with the buttstock installed.
[0068] Figure 1le illustrates a side perspective view of the firecarm of Figure 11b with the
buttstock removed.

[0069] Figure 11f illustrates a side perspective view of the firearm of Figure 11b with the
buttstock installed.

[0070] Figure 12a illustrates a top perspective view of a RMBF device mechanism having
three axial adjustment positions in a second axially rotated position.

[0071] Figure 12b illustrates a rear perspective view of a second firearm embodying the RMBF
device mechanism having three axial adjustment positions in the second axially rotated position.
[0072] Figure 12c illustrates a rear view of the fircarm of Figure 12b with the buttstock removed.
[0073] Figure 12d illustrates a rear view of the firearm of Figure 12b with the buttstock installed.
[0074] Figure 12¢ illustrates a side perspective view of the firecarm of Figure 12b with the
buttstock removed.

[0075] Figure 12f illustrates a side perspective view of the firearm of Figure 12b with the
buttstock installed.

[0076] Figures 13a through 13f illustrate a side view of the second firecarm embodying the

RMBEF device mechanism during various stages of lateral extension.
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[0077] Figures 14a through 140 illustrate a rear view of a RMBF device mechanism configured
in various axial angle positions.

[0078] Figure 15a illustrates a cross-sectional view of the RMBF device mechanism in
accordance with a second aspect of the present invention.

[0079] Figure 15b illustrates a side view of a fircarm having a RMBF device mechanism
according to the second aspect of the present invention.

[0080] Figure 15c illustrates a cross-sectional side view of the firearm of Figure 15b.

[0081] Figure 15d illustrates a rear perspective view of the firecarm of Figure 15b in a default
upright position.

[0082]  Figure 15¢ illustrates a rear perspective view of the firearm of Figure 15b in a first axially
rotated position.

[0083] Figure 15f illustrates a rear perspective view of the firecarm of Figure 15b in a second
axially rotated position.

[0084] Figure 15 g illustrates a rear perspective view of the RMBF device mechanism according
to the second aspect of the present invention with added high abrasion resistance liner to the angle
selection grooves and angle selection guide

[0085] Figure 16a illustrates a front perspective view of a buttstock having a RMBF adapter
mechanism according to a first aspect of the present invention.

[0086] Figure 16b illustrates a rear perspective view of the buttstock of Figure 16a.

[0087] Figure 16c illustrates a top plan view of the buttstock of Figure 16a.

[0088] Figure 16d illustrates a bottom plan view of the buttstock of Figure 16a.

[0089] Figure 16¢ illustrates a side view of the buttstock of Figure 16a.

[0090] Figure 16f illustrates a rear view of the buttstock of Figure 16a.

[0091] Figure 16g illustrates a front view of the buttstock of Figure 16a.

[0092] Figures 17a and 17b illustrate the buttstock of Figure 16a in a first axially rotated
position.

[0093] Figures 17c and 17d illustrate the buttstock of Figure 16a in a default upright position.
[0094] Figures 17¢ and 17f illustrate the buttstock of Figure 16a in a second axially rotated
position.

[0095] Figure 18a illustrates a perspective view of a buttstock having a RMBF adapter

mechanism according to a second aspect of the present invention.
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[0096] Figure 18b illustrates a side view of the buttstock of Figure 18a.

[0097]  Figure 18c illustrates a front perspective view of the buttstock of Figure 18a.

[0098] Figure 18d illustrates a front view of the buttstock of Figure 18a.

[0099]  Figure 19a illustrates an assembly view of a first example RMBF adapter mechanism.
[00100] Figure 190 illustrates a cross-sectional side view of the RMBF adapter mechanism of
Figure 19a.

[00101] Figure 19c illustrates a top view of the RMBF adapter mechanism of Figure 19a.

[00102] Figure 19d illustrates a rear perspective view of the RMBF adapter mechanism of
Figure 19a.

[00103] Figure 19¢ illustrates a front perspective view of the RMBF adapter mechanism of
Figure 19a.

[00104] Figure 20a illustrates an assembly view of a second RMBF adapter mechanism.

[00105] Figure 20b illustrates a cross-sectional side view of the second RMBF adapter
mechanism of Figure 20a.

[00106] Figure 20c illustrates a top view of the second example RMBF adapter mechanism of
Figure 20a.

[00107] Figure 20d illustrates a rear perspective view of the second example RMBF adapter
mechanism of Figure 20a.

[00108] Figure 20¢ illustrates a front perspective view of the second example RMBF adapter
mechanism of Figure 20a.

[00109] Figure 21a illustrates an assembly view of a third example RMBF adapter mechanism.
[00110] Figure 21b illustrates a second assembly view of the third RMBF adapter mechanism of
Figure 21a.

[00111] Figure 2lc illustrates a rear perspective view of the third example RMBF adapter
mechanism of Figure 21a.

[00112] Figure 21d illustrates a rear view of the third example RMBF adapter mechanism of
Figure 21a.

[00113] Figure 21e illustrates a cross-sectional side view of the third example RMBF adapter
mechanism of Figure 21a.

[00114] Figure 22a illustrates a rear perspective view of the third example RMBF adapter

mechanism of Figure 21a in a first axially rotated position.
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[00115] Figure 22b illustrates a rear perspective view of the third example RMBF adapter
mechanism of Figure 21a in a default upright position.

[00116] Figure 22c illustrates a rear perspective view of the third example RMBF adapter
mechanism of Figure 21a in a second axially rotated position.

[00117] Figure 23a illustrates an assembly view of a fourth example RMBF adapter mechanism.
[00118] Figure 23b illustrates a rear perspective view of the fourth example RMBF adapter
mechanism of Figure 23a.

[00119] Figure 23c illustrates a top view of the fourth example RMBF adapter mechanism of
Figure 23a.

[00120] Figure 23d illustrates a rear perspective view of the fourth example RMBF adapter
mechanism of Figure 23a.

[00121] Figure 24a illustrates a perspective view of a buttstock having a RMBF adapter
mechanism according to a third aspect of the present invention.

[00122] Figure 24b illustrates a second perspective view of the buttstock of Figure 24a.

[00123] Figure 24c illustrates a first side view of the buttstock of Figure 24a.

[00124] Figure 24d illustrates a second side view of the buttstock of Figure 24a.

[00125] Figure 24e¢ illustrates a rear view of the buttstock of Figure 24a.

[00126] Figure 24f illustrates a front view of the buttstock of Figure 24a.

[00127] Figure 24g illustrates a top plan view of the buttstock of Figure 24a.

[00128] Figure 24h illustrates a bottom plan view of the buttstock of Figure 24a.

[00129] Figure 24i illustrates a cross-sectional assembly side view of the buttstock of Figure 24a.
[00130] Figure 25a illustrates an assembly view of a fifth example RMBF adapter mechanism.
[00131] Figure 25b illustrates a rear perspective view of the fifth example RMBF adapter
mechanism of Figure 25a.

[00132] Figure 25c illustrates a top plan view of the fifth example RMBF adapter mechanism of
Figure 25a.

[00133] Figure 25d illustrates a cross-sectional side view of the fifth example RMBF adapter
mechanism of Figure 25a in an extended position.

[00134] Figure 25¢ illustrates a cross-sectional side view of the fifth example RMBF adapter

mechanism of Figure 25a in a compressed position.

10



WO 2015/171206 PCT/US2015/021330

[00135] Figures 26a through 26l illustrate front perspective views of the buttstock of Figure 24a
in various axial angle positions.

[00136] Figure 27a illustrates an assembly view of a sixth example RMBF adapter mechanism.
[00137] Figure 27b illustrates a rear perspective view of the sixth example RMBF adapter
mechanism of Figure 27a.

[00138] Figure 27c illustrates a top plan view of the sixth example RMBF adapter mechanism of
Figure 27a.

[00139] Figure 27d illustrates a cross-sectional side view of the sixth example RMBF adapter
mechanism of Figure 27a in an extended position.

[00140] Figure 28a illustrates an assembly view of a seventh example RMBF adapter mechanism.
[00141] Figure 28b illustrates a rear perspective view of the seventh example RMBF adapter
mechanism of Figure 28a.

[00142] Figure 28c illustrates a top plan view of the seventh example RMBF adapter mechanism
of Figure 28a.

[00143] Figure 28d illustrates a cross-sectional side view of the seventh example RMBF adapter
mechanism of Figure 28a in an extended position.

[00144] Figure 29a illustrates an assembly view of an eighth example RMBF adapter mechanism.
[00145] Figure 290 illustrates a first and second housing of the eighth example RMBF adapter
mechanism.

[00146] Figure 29c illustrates a top plan view of the eighth example RMBF adapter mechanism of
Figure 29a.

[00147] Figure 29d illustrates a rear perspective view of the eighth example RMBF adapter
mechanism of Figure 29a.

[00148] Figure 29¢ illustrates a cross-sectional side view of the eighth example RMBF adapter
mechanism of Figure 29a in an extended position.

[00149] Figure 30a illustrates an assembly view of a ninth example of an RMBF adapter
mechanism utilizing a variable rate spring.

[00150] Figure 30b illustrates a rear perspective view of the RMBF example utilizing a variable
rate spring of Figure 30a.

[00151] Figure 30c illustrates a top plan view of the RMBF example utilizing a variable rate
spring of Figure 30a.

11
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[00152] Figure 30d illustrates a cross-sectional side view of the RMBF example utilizing a
variable rate spring of Figure 30a in an extended position.

[00153] Figure 31a illustrates an assembly view of a tenth example of an RMBF adapter
mechanism utilizing two springs, each spring in a separate location.

[00154] Figure 31b illustrates a rear perspective view of the RMBF example utilizing two springs
cach spring in a separate location, of Figure 31a.

[00155] Figure 31c illustrates a top plan view of the RMBF example utilizing two springs two
springs each spring in a separate location of Figure 31a.

[00156] Figure 31d illustrates a cross-sectional side view of the RMBF example utilizing two
springs two springs each spring in a separate location of Figure 31a in an extended position.

[00157] Figure 32a illustrates an assembly view of an eleventh example of an RMBF adapter
mechanism utilizing three springs with one spring in one separate location and the other two springs
share one location and are concentric to each other.

[00158] Figure 32b illustrates a rear perspective view of the RMBF example utilizing three
springs with one spring in one separate location and the other two springs share one location and
are concentric to each other of Figure 32a.

[00159] Figure 32c illustrates a top plan view of the RMBF example utilizing three springs with
one spring in one separate location and the other two springs share one location and are concentric
to each other of Figure 32a

[00160] Figure 32d illustrates a cross-sectional side view of the RMBF example utilizing three
springs with one spring in one separate location and the other two springs share one location and
are concentric to each other of Figure 32a.

[00161] Figure 33a illustrates an assembly view of a twelfth example of an RMBF adapter
mechanism utilizing three springs with each spring in a separate location.

[00162] Figure 33b illustrates a rear perspective view of the RMBF example utilizing three
springs with each spring in a separate location of Figure 33a.

[00163] Figure 33c illustrates a top plan view of the RMBF example utilizing three springs with
cach spring in a separate location of Figure 33a.

[00164] Figure 33d illustrates a cross-sectional side view of the RMBF example utilizing three

springs with each spring in a separate location of Figure 33a.
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[00165] Figure 34a illustrates an assembly view of a thirteenth example of an RMBF adapter
mechanism utilizing two springs and a polymer pad with each spring in a separate location and the
polymer pad in a separate location in the front of the RMBF.

[00166] Figure 34b illustrates a rear perspective view of the RMBF example utilizing two springs
and a polymer pad with each spring in a separate location and the polymer pad in a separate
location in the front of the RMBF of Figure 34a.

[00167] Figure 34c illustrates a top plan view of the RMBF example utilizing two springs and a
polymer pad with each spring in a separate location and the polymer pad in a separate location in
the front of the RMBF of Figure 34a.

[00168] Figure 34d illustrates a cross-sectional side view of the RMBF example utilizing two
springs and a polymer pad with each spring in a separate location and the polymer pad in a separate
location in the front of the RMBF of Figure 34a.

[00169] Figure 35a illustrates an assembly view of a fourteenth example of an RMBF adapter
mechanism utilizing two springs and a polymer pad with each spring in a separate location and the
polymer pad in a separate location in the rear of the RMBF.

[00170] Figure 35b illustrates a rear perspective view of the RMBF example utilizing two springs
and a polymer pad with each spring in a separate location and the polymer pad in a separate
location in the rear of the RMBF of Figure 35a.

[00171] Figure 35c illustrates a top plan view of the RMBF example utilizing two springs and a
polymer pad with each spring in a separate location and the polymer pad in a separate location in
the rear of the of Figure 35a.

[00172] Figure 35d illustrates a cross-sectional side view of the RMBF example utilizing two
springs and a polymer pad with each spring in a separate location and the polymer pad in a separate
location in the rear of the of Figure 35a.

[00173] Figure 36a illustrates an assembly view of the fifteenth example RMBF adapter
mechanism

[00174] Figure 36b illustrates a rear perspective view of the RMBF adapter mechanism of
Figure 36a.

[00175] Figure 36¢ illustrates a top view of the RMBF adapter mechanism of Figure 36a.

[00176] Figure 36d illustrates a cross-sectional side view of the RMBF adapter mechanism of

Figure 36a
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[00177] Figure 37a illustrates a perspective view of a firearm with a sliding buttstock with a
RMBF adapter mechanism attached to it according to a fifteenth example of the present invention
and a rotating buttstock in the default upright position.

[00178] Figure 37b illustrates a side view of the fircarm with RMBF of example 15 and buttstock
of figure 37a

[00179] Figure 37c illustrates a back view of the firearm with RMBF of example 15 and buttstock
of figure 37a.

[00180] Figure 37d illustrates a front view of the firearm with RMBF of example 15and buttstock
of figure 37a.

[00181] Figure 38a illustrates a perspective view of a firecarm with a sliding buttstock and a
RMBF adapter mechanism attached to it according to a fifteenth example of the present invention
and a rotating buttstock in the second axially rotated position.

[00182] Figure 38b illustrates a side view of the firearm with RMBF of example 15 and buttstock
of figure 38a

[00183] Figure 38c illustrates a back view of the firearm with RMBF of example 15 and buttstock
of figure 38a.

[00184] Figure 38d illustrates a front view of the firearm with RMBF of example 15and buttstock
of figure 38a.

[00185] Figure 39a illustrates a perspective view of a firecarm with a sliding buttstock and a
RMBF adapter mechanism attached to it according to a fifteenth example of the present invention
and a rotating buttstock locked in first axially rotated position.

[00186] Figure 39b illustrates a side view of the firearm with RMBF of example 15 and buttstock
of figure 39a

[00187] Figure 39c¢ illustrates a back view of the firearm with RMBF of example 15 and buttstock
of figure 39a.

[00188] Figure 39d illustrates a front view of the firearm with RMBF of example 15and buttstock
of figure 39a.

[00189] Figure 40a illustrates a side view of a fircarm with a sliding buttstock and a RMBF
adapter mechanism attached to it according to a fifteenth example of the present invention and a

rotating buttstock in the default upright position and the sliding stock is fully extended.
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[00190] Figure 40b illustrates a side view of a fircarm with a sliding buttstock and a RMBF
adapter mechanism attached to it according to a fifteenth example of the present invention and a
rotating buttstock in the default upright position and the sliding stock is partially extended.

[00191] Figure 40c illustrates a side view of a fircarm with a sliding buttstock and a RMBF
adapter mechanism attached to it according to a fifteenth example of the present invention and a
rotating buttstock in the default upright position and the sliding stock is completely collapsed.
[00192] Figure 4la illustrates an assembly view of the sixteenth example RMBF adapter
mechanism with a modified first housing to accept one two or three guide pins.

[00193] Figure 41b illustrates a rear perspective view of the RMBF adapter mechanism of
Figure 41a.

[00194] Figure 41c illustrates a top view of the RMBF adapter mechanism of Figure 41a.

[00195] Figure 41d illustrates a cross-sectional side view of the RMBF adapter mechanism of
Figure 41a

[00196] Figure 42a illustrates a top view of a fircarm with a sliding buttstock and a RMBF
adapter mechanism attached to it according to a sixteenth example utilizing three guide pins to
prevent buttstock rotation, buttstock is locked in the default upright position.

[00197] Figure 42b illustrates a back view of Figure 42a.

[00198] Figure 42c illustrates a detailed view of Figure 42a detailing the RMBF adapter with
three guide pins installed in the first housing,

[00199] Figure 42d illustrates a top view of a firecarm with a sliding buttstock and a RMBF
adapter mechanism attached to it according to a sixteenth example utilizing two guide pins to allow
butt stock to float between two positions, the default upright position and the first axial position, the
buttstock is in the first axial position

[00200] Figure 42¢ illustrates a back view of Figure 42d.

[00201] Figure 42f illustrates a detailed view of Figure 42d detailing the RMBF adapter with two
guide pins installed in the first housing

[00202] Figure 42g illustrates a top view of a firecarm with a sliding buttstock and a RMBF
adapter mechanism attached to it according to a sixteenth example utilizing two guide pins to allow
butt stock to float between two positions, the default upright position and the second axial position
the butt stock is in the second axial position

[00203] Figure 42h illustrates a back view of Figure 42g.
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[00204] Figure 421 illustrates a detailed view of Figure 42g detailing the RMBF adapter with two

guide pins installed in the first housing,

DETAILED DESCRIPTION
[00205] The present disclosure is directed to a recoil mitigation and buttstock floating (RMBF)

device and RMBF adapter mechanism for firearms. Preferred embodiments of the present invention
will be described hereinbelow with reference to the figures of the accompanying drawing. In the
following description, well-known functions or constructions are not described in detail, since such
descriptions would obscure the invention in unnecessary detail.

[00206] For the purpose of promoting an understanding of the principles of the claimed
technology and presenting its currently understood, best mode of operation, reference will be now
made to the embodiments illustrated in the drawings and specific language will be used to describe
the same. It will nevertheless be understood that no limitation of the scope of the claimed
technology is thereby intended, with such alterations and further modifications in the illustrated
device and such further applications of the principles of the claimed technology as illustrated
therein being contemplated as would typically occur to one skilled in the art to which the claimed
technology relates.

[00207] As used herein, the word “exemplary” means “serving as an example, instance, or
illustration.” The embodiments described herein are not limiting, but rather are exemplary only. It
should be understood that the described embodiments are not necessarily to be construed as
preferred or advantageous over other embodiments. Moreover, the terms “embodiments of the

EE 1Y

invention,” “embodiments,” or “invention” do not require that all embodiments of the invention
include the discussed feature, advantage, or mode of operation.

[00208] A conventional buffer tube 100 is illustrated in Figures 1a and 1b. Specifically, Figure 1a
illustrates a side view of a conventional buffer tube, while Figure 1b illustrates the bottom view of
the buffer tube 100. The buffer tube 100 allows a collapsible buttstock to be attached to the firearm
with the collapsible buttstock in an axially fixed arrangement. Buttstock generally refers to the part
of a rifle or other firearm, to which the barrel and firing mechanism are attached, that is held against

one’s shoulder when firing the gun. A collapsible buttstock makes the fircarm more compact for
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storage or transport, but is usually deployed before shooting to enhance control. A collapsible
buttstock collapses by telescoping (or sometimes folding) in on itself. As will be discussed below, a
collapsible buttstock may employ more than one length setting, allowing the buttstock to be
adjusted for different users.

[00209] Typically, the buffer tube 100 attaches to the firearm by screwing the buffer tube 100’s
open end 110 into the firearm via, for example, screw threads 112. When disassembled from the
firearm, the open end 110 provides access to a hollow cavity, defined by the tube portion 140 and
the closed end 120, which houses a spring. The spring may be secured in place between the closed
end 120 and a recoil buffer (e.g., a shaped weight) on the open end 110. Excess gas behind the
spring can escape the buffer tube 100 through a gas vent hole. Thus, when a shot is fired and high
pressure gas is released from the explosion, the recoil buffer is launched into the buffer tube,
thereby compressing the spring and consuming some of the resulting energy via the mechanical
compression. However, not all the mechanical energy is consumed by the spring compression. As a
result, excess energy is transferred to the body of the firearm, which is then dissipated into the
fircarm holder at the point of contact between the fircarm buttstock and the part of the firearm
operator’s body (usually the shoulder). This dissipated energy is known as “felt recoil” and
typically causes the firearm nozzle to rise instantancously. As will be appreciated, the degree to
which the nozzle rises depends on the skill of the firearm operator and how well the operator can
predict and control the felt recoil.

[00210] To facilitate collapse, the protruding portion 130 of the tube portion 140 may comprise a
plurality of engagement means (illustrated as a plurality of recesses 132 bored into the raised
protruding portion 130) that are configured to engage a bolt, pin, or other engagement technique in
a buttstock, which would slide over (and along) the said tube portion 140. Upon engagement, the
buttstock is locked to a desired telescope depth along the buffer tube 100. Generally a buttstock will
have a means to disengage the recesses 132, thus moving the buttstock (e.g., telescoping) on the
buffer tube to a user’s desired configuration. The protruding portion 130 further functions as a
guide by engaging a corresponding channel on the buttstock when the two components are engaged
to prevent the buttstock from axially rotating around the buffer tube. Importantly, protruding
portion 130 is in a fixed configuration with regard to the tube portion 140.

[00211] While buffer tubes are generally known, the inventive RMBF devices, axially and

laterally adjustable buttstock, and RMBF adapter mechanisms enable a user to axially rotate the
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fircarm (or buttstock) while constantly maintaining proper shoulder position, a hand on the
fircarm’s grips and trigger, and can even fire while doing so, even if it is a less accurate shot.
Notably, it is not required that the user lower the firearm, or even take his or her eyes off of the
sight, to adjust the axial angle of the firearm relative to the buttstock. Further, the inventive RMBF
devices and RMBF adapter mechanisms and axially and laterally adjustable buttstock also provide
added recoil mitigation by absorbing energy imparted during firing through the helical spring. As
will be appreciated, the various RMBF mechanisms, such as the RMBF adapter mechanisms, may
be used, or adapted, to axially rotate any component of a firearm relative to a longitudinal axis of
another component of the firearm. Accordingly, the teachings of the subject specification should
not be limited to the specific examples and embodiments disclosed herein.

[00212] Turning to the figures, Figures 2a and 2b illustrate an embodiment of the (Floating buffer
tube) RMBF device 200 configured to axially rotate the buttstock securing mechanism 230 (and any
buttstock slideably coupled thereto) about the tube portion 240 without modification to the firearms
firing mechanism. Such RMBF devices 200 may be axially adjusted while constantly maintaining
proper shoulder position. When assembled, the open end 210 couples with a fircarm by, for
example, threading, or another securing means. The RMBF device 200 may be coupled to
AR-15-style firearms without the need to modify the firearm or the collapsible buttstock. However,
the buffer tube is not limited in use for AR-15-style fircarms; it may be used for several types of
carbines, shotguns, and rifles that do not require a buffer tube. The buffer tube is also not limited to
use on collapsible buttstocks; it may be used on fixed buttstocks or the like. For example, there are
several commercially available adapters that allow buffer tubes to be attached to shotguns or
carbines which allow attachment of the buffer tubes to those firearms.

[00213] As illustrated, the RMBF device 200 comprises a rotating buttstock securing mechanism
230 (e.g., a protruding guide), which comprises an annular, rotating engagement portion 234
configured to rotate around tube portion 240 and secure the gun side end of the buttstock securing
mechanism 230 to the tube portion 240. The rotating engagement portion 234 may be, for example,
annular, ring sized, and configured to surround the tube portion 240. Engagement means 232 (e.g.,
blind holes) may be configured to engage with one or more pins positioned on the buttstock,
thereby enabling the buttstock to telescope along the buffer tube, and rotating end portion 236. Bolt
238 secures the rotating end portion 236 (and therefore the entire buttstock securing mechanism

230) to tube portion 240. The protruding feature of the buttstock securing mechanism 230 is sized
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and configured to fit within a corresponding channel of a buttstock, which prevents axial rotation of
the buttstock vis-a-vis the buttstock securing mechanism 230 (but enables axial rotation with
respect to tube portion 240). As will be described, a recoil spring and a recoil buffer may be housed
within tube portion 240.

[00214] The helical spring 340’s outside diameter may range in size form 10% to 90% of the
buffer tube outside diameter, or in this example, from about 0.115” to 1.035”, more preferably,
about 0.668". The inside diameter of the helical spring 340 can range from 8% to 88% of the
outside diameter of the buffer tube of in this example from 0.092” to 1.012", more preferably about
0.5". The helical spring 340’s spring constant can range from 1 1b/in to 350 Ib/in, more preferably
about 120 Ib/in.

[00215] The shoulder bolt can range in diameter from 0.02” to 0.9”, more preferably about
0.219". The outside diameter of the floating rail pivot can range from 0.08” to 1.00”, more
preferably about 0.93”. The inside diameter of the secondary buffer tube can range from 0.08” to
1.00”, more preferably about 0.938". Rotation of floating buffer tube or the included angle the rail
can rotate within range from 0° to 180°, and is, more preferably about 90°, the retaining ring
outside diameter can range from 105% (1.2075") of the outside diameter of the buffer to 200%
(2.3") of the outside diameter of the buffer tube, more preferably about 119% (1.374") of the
outside diameter of the buffer tube. The range of axial travel the floating rail can have is 0.125" to
4", more preferably about 0.5”, the shoulder screw that sets the angle diameter range is 0.025" to
0.5", more preferably about 0.25".

[00216] The various components of the RMBF device 200, and later-described RMBF adapter
mechanisms, may be fabricated from, for example, metal/metal alloys (e.g., 7075 T6 aluminum
alloy, 4150 chrome-moly steel, 6061 aluminum, 4140 steel, 8620 steel, 4140 steel, stainless steels,
tool steel, Brass and Copper alloys, etc., or resins (i.e., high-strength plastic). However, the
buttstock may be formed from additional materials, including, for example, wood, fiberglass,
carbon fiber, and the like.

[00217] To better understand the relative movement of the buttstock securing mechanism 230
relative to tube portion 240, refer to Figures 3a through 3g. As illustrated in Figure 3b and
Figure 2a, the buttstock securing mechanism 230 and the tube portion 240 can move relative to one
another in two directions: (i) buttstock securing mechanism 230 can slide along tube portion 240

until either the head of bolt 238 collides with the wall of rotating end portion 236 for a maximum
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extension (rest), or until helical spring 340 (recoil spring) is at maximum compression (buttstock
securing mechanism 230 being “pushed in’) and (ii) buttstock securing mechanism 230 can axially
rotate relative to tube portion 240 until buttstock securing mechanism 230 collides with tube walls
330, which occurs at maximum counterclockwise and clockwise axial angles.

[00218] At rest, helical spring 340 imparts a force to push buttstock securing mechanism 230
away from spring securing groove 342 in the closed end of tube portion 240, which in turn pushes
bolt 320 into one of the angle selection grooves 310 of an angle guide selector, thereby fixing the
axial angle of the firearm relative to the buttstock. For instance, Figure 3b illustrates a RMBF
device 200 having three axial angle positions (and, accordingly, three angle selection grooves 310):
a center position; a 45° counterclockwise position; and a 45° clockwise position. However, pulling
the fircarm toward the user with the buttstock affixed to the user’s shoulder compresses helical
spring 340 and moves bolt 320 out of the selected angle selection grooves 310 such that the axial
angle of the buttstock relative to the firearm can be changed by applying torque on the firearm, thus
rotating the buttstock securing mechanism 230 around bolt 238. As will be appreciated, the helical
spring 340 can serve at least two functions: first, it provides recoil mitigation by absorbing energy
imparted during firing, and second, it imparts a force to ensure that the fircarm remains in a
designated angle selection groove 310. Tube walls 330 at the closed end of tube portion 240 may
serve as limits to the rotation. When the desired angle is achieved, the user can discontinue pulling
the firearm into his shoulder to allow the helical spring 340 to expand, thereby causing the bolt 320
to engage with a desired angle selection groove 310 closest to the user’s desired axial angle and
locking that, or a similar, axial angle in place.

[00219] Indeed, helical spring 340 serves the function as a secondary recoil spring, but it should
have a high spring constant such that when the firearm is fired (and when recoil pushes the fircarm
into the user), the helical spring 340 does not compress such that the firearm unintentionally floats
(i.e., in this case, changes axial angle positions). Thus, the helical spring 340 should be capable of
being compressed (overcome) by the operator so as to adjust the axial angle position. For example,
the helical spring 340 is described above, but the range for the non-rotating and impact mitigation
only (e.g., Figure 3f) may be higher and may go up to 500 Ib/in, especially on larger caliber
firearms.

[00220] Unintentional floating, whether lateral or axial, can cause confusion, belief of

malfunction, and poor accuracy, all of which are undesirable during a gunfight. In some aspects,
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helical spring 340 may be substituted with a hydraulic buffer, or any eclastic material or device
capable of deforming when force is applied and restoring its original form when the deforming
force is removed.

[00221] The angle selection grooves 310 may be designed such that when the user floats the
buttstock (e.g., axially releases the buttstock), the guide naturally brings the buttstock back to the
“default” groove (i.e., about 0°), such that the angle would be the same or similar to a normally
attached, conventional buttstock. An example guiding mechanism 312 that naturally brings the
buttstock back to the “default” groove can be seen in Figure 3b as a curve in the angle guide
selector opposite the center groove of said angle selection grooves 310. For clarity, Figure 3g
illustrates an exploded, cross-sectional view of the RMBF device (or mechanism) of Figure 3b.
While Figures 3a through 3d illustrate an example with multiple angle selection grooves 310, in
contrast, Figure 3f illustrates a configuration that provides only recoil mitigation and does not
provide angle selection.

[00222] While the RMBF device shows only three angle selection grooves 310, any reasonable
number of angle selection grooves can be used, such as two, three, four, five, six, seven, eight, nine,
or ten. The placement and size of these grooves determine the angles to which the buttstock can be
axially rotated relative to the firecarm. For example, Figures 4a through 4c¢ illustrate an embodiment
that employs two angle selection grooves 310, where the user may alternate between a vertical
position and a 45° clockwise rotation of the firecarm, while maintaining the buttstock in the vertical
position. Conversely, Figures 5a through 5c illustrate a second embodiment that employs two
selection angle selection grooves 310; however, in this configuration, the user may alternate
between a vertical position, and a 45° counterclockwise rotation of the firearm, while maintaining
the buttstock in the vertical position.

[00223] Referring to Figures 6a through 6f, Figures 7a through 7f, and Figures 8a through &f,
several floating angles (axial angles) are illustrated as applied to fircarm 600. Specifically,
Figure 6a illustrates a top perspective view of a RMBF device 200 having three axial adjustment
positions, but set to a first axially rotated position, while Figure 6b illustrates a rear perspective
view of the RMBF device 200 in the first axially rotated position coupled with a fircarm 600. For
example, as illustrated in Figure 6d, the first axially rotated position may be configured such that
the buttstock 602’s center line (X) is rotated 45° counterclockwise, with reference to the fircarm’s

center line (Y).
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[00224] While 45° is used for the various examples, one of skill in the art would recognize that
other angles are possible. In fact, as will be discussed with regard to Figures 24a-241 and 25a-25d,
the buttstock 602 may be configured to perform a full rotation (360°); however, a range between 0°
and 90° (clockwise and counterclockwise from the firearm’s center line) would be suitable for most
scenarios. Indeed, Figures 14a through 140 illustrate a rear view of a RMBF device mechanism (or
a RMBF adapter mechanism, as will be described below) configured in various axial angle
positions. Specifically, Figures 14a through 14n illustrate clockwise axial angle positions of 0°
(e.g., a default upright position), 15°, 30°, 45°, 60°, 75°, 90°, 105°, 120°, 135°, 150°, 165°, 180°,
195° (i.e., 165° counterclockwise). While the various axial angle positions of Figures 14a through
14n are illustrated as being rotated in a clockwise rotation, the same may be accomplished in a
counterclockwise rotation as illustrated in Figure 140.

[00225] For clarity, Figure 6c¢ illustrates a rear view of the fircarm 600 with the buttstock 602
removed, while Figure 6d illustrates a rear view of the firecarm 600 with the buttstock 602 installed.
Figures 6¢ and 6f illustrate side perspective views of the fircarm 600 with the buttstock 602
removed and installed. As best illustrated in Figures 6¢ and 6f, the buttstock 602 slides over tube
portion 240, and, as discussed above, a recoil spring and a recoil buffer may fit within tube portion
240. A plurality of engagement means 232 interact with pin 522. Lever 520 can be pressed to
remove pin 522 from engagement means 232, thereby allowing the telescoping portion of the
buttstock 602 to slide down the tube portion 240. The lever 520 can then be released such that the
bolt then reengages an engagement means 232. A safety may further be provided to prevent
accidental rotation of buttstock 602.

[00226] Figure 7a illustrates a top perspective view of a RMBF device 200 having three axial
adjustment positions, but set to a default upright position, while Figure 7b illustrates a rear
perspective view of the RMBF device 200 in the default upright position coupled with a firearm
600. For clarity, Figure 7c illustrates a rear view of the firecarm 600 with the buttstock 602 removed,
while Figure 7d illustrates a rear view of the firecarm 600 with the buttstock 602 installed. Figures
7e and 7f illustrate side perspective views of the firearm 600 with the buttstock 602 removed and
installed.

[00227] Figure 8a illustrates a top perspective view of a RMBF device 200 having three axial
adjustment positions, but set to a second axially rotated position, while Figure 8b illustrates a rear

perspective view of the RMBF device 200 in the second axially rotated position coupled with a
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firearm 600. For clarity, Figure 8c illustrates a rear view of the fircarm 600 with the buttstock 602
removed, while Figure 8d illustrates a rear view of the firecarm 600 with the buttstock 602 installed.
Figures 8¢ and 8f illustrate side perspective views of the fircarm 600 with the buttstock 602
removed and installed.

[00228] Figures 9a through 9f illustrate side views of the fircarm 600 embodying the RMBF
device 200 during various stages of lateral extension. As noted above, a collapsible buttstock may
employ more than one length setting, thus allowing the buttstock to be adjusted for different users.
Specifically, Figure 9a illustrates a compact setting (most collapsed), while Figure 9f illustrates the
longest setting (most extended).

[00229] Referring to Figures 10a through 10f, Figures 11a through 11f, and Figures 12a through
12f, several floating angles (axial angles) are illustrated as applied to firearm 1000. Specifically,
Figure 10a illustrates a top perspective view of a RMBF device 200 having three axial adjustment
positions, but set to a default upright position, while Figure 10b illustrates a rear perspective view
of the RMBF device 200 in the default upright position coupled with a firearm 1000. For clarity,
Figure 10c illustrates a rear view of the fircarm 1000 with the buttstock 602 removed, while Figure
10d illustrates a rear view of the fircarm 1000 with the buttstock 602 installed. Figures 10e and 10f
illustrate side perspective views of the fircarm 1000 with the buttstock 602 removed and installed.
As best illustrated in Figures 10e and 10f, the buttstock 602 slides over tube portion 240, and, as
discussed above, a recoil spring and a recoil buffer may fit within tube portion 240. A plurality of
engagement means 232 interact with pin 522. Lever 520 can be pressed to remove pin 522 from
engagement means 232, thereby allowing the telescoping portion of the buttstock 602 to slide down
the tube portion 240. The lever 520 can then be released such that the bolt then reengages an
engagement means 232. A safety may further be provided to prevent accidental axial rotation of
buttstock 602.

[00230] Figure 11a illustrates a top perspective view of a RMBF device 200 having three axial
adjustment positions, but set to a first axially rotated position, while Figure 11b illustrates a rear
perspective view of the RMBF device 200 in the first axially rotated position coupled with a firearm
1000. For clarity, Figure 11c illustrates a rear view of the firearm 1000 with the buttstock 602
removed, while Figure 11d illustrates a rear view of the fircarm 1000 with the buttstock 602
installed. Figures 1le and 11f illustrate side perspective views of the fircarm 1000 with the

buttstock 602 removed and installed.
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[00231] Figure 12a illustrates a top perspective view of a RMBF device 200 having three axial
adjustment positions, but set to a second axially rotated position, while Figure 12b illustrates a rear
perspective view of the RMBF device 200 in the second axially rotated position coupled with a
firearm 1000. For clarity, Figure 12c¢ illustrates a rear view of the firearm 1000 with the buttstock
602 removed, while Figure 12d illustrates a rear view of the firearm 1000 with the buttstock 602
installed. Figures 12¢ and 12f illustrate side perspective views of the firearm 1000 with the
buttstock 602 removed and installed.

[00232] Figures 13a through 13f illustrate side views of the firecarm 1000 embodying the RMBF
device 200 during various stages of lateral extension. As noted above, a collapsible buttstock may
employ more than one length setting, thus allowing the buttstock to be adjusted for different users.
Specifically, Figure 13a illustrates a compact setting (most collapsed), while Figure 13f illustrates
the longest setting (most extended).

[00233] Although the current floating buffer tube invention does not interfere with the function of
the firearm firing mechanism, nevertheless, some firearm owners/operators prefer not to change the
buffer tube that came with their original weapon. In order to address such a concern, in one
example the inventor has transferred the RMBF mechanism to the fixed portion of the buttstock,
thus, avoiding any modification to the buffer tube from its original form. Figure 15a illustrates a
RMBF device 1500 according to another aspect. As in the prior configuration, open end of tube
portion 240 is attached to a firearm; however, rotating buttstock 510 may be attached and rotated
via bolt 238’s engagement means. Accordingly, the hollow part of the buttstock slides over tube
portion 240, and a recoil spring and a recoil buffer may fit within tube portion 240 as discussed
above. Engagement means 232 interact with pin 522. Lever 520 can be pressed to remove pin 522
from engagement means 232 allowing the telescoping portion of the buttstock to slide down the
buffer tube. The lever 520 can then be released such that the bolt then reengages an engagement
means 232. Safety 530 prevents accidental rotation of rotating buttstock 510.

[00234] Figure 15b illustrates a side view of the RMBF device 1500 coupled with firearm 1502,
while Figure 15¢ illustrates a cross-sectional side view thereof. Figures 15d through 15f illustrate a
rear perspective view of the firearm of Figure 15b in a default upright position, a first axially
rotated position, and a second axially rotated position, respectively.

[00235] The buttstock is usually made out of light material preferably a thermoset polymer,

however, it may be made out of wood, light metal or metal alloys or any other material that may be
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machined, cast, stamped or formed by any other process known to those skilled in the art.
However, utilizing lighter materials may compromise the wear resistance of the RMBF mechanism
or its components, therefore, if the material selected to make the RMBF embodiment does not have
a reasonably high wear resistance, it is desirable that the angle selection grooves 310 and angle
selection guide 312 portion fully or partially of the RMBF embodiment be made up of a high wear
resistance material, examples of such material are steel and steel alloys, aluminum and aluminum
alloys, most metal and alloys thereof, ceramics, high density polymers etc.. and any material that
has an abrasion resistance that is higher than that of the material used to make the rest of the RMBF
mechanism. Figure 15g illustrates a liner 531 that has a higher abrasion resistance than the
abrasion resistance of the rest of the RMBF material, such material is being used to provide the
angle selection grooves and angle selection guide with higher abrasion resistance than that of the
rest of the RBMF construction material. Such a liner 531 may be attached to the RMBF
permanently or temporarily by forming the rest of the RMBF material around it, one example may
be injection molding or casting the RMBF structure to surround the liner and hold it in place, or by
securing the liner into a preformed groove using glue, braze, or press fitting or any mechanical or
chemical joining method used by those skilled in the art.

[00236] In certain aspects, it may be useful to retrofit existing fircarms to facilitate adjustment
and/or rotation of the buttstock. To accomplish this, a RMBF adapter mechanism may be employed.
Indeed, a RMBF adapter mechanism may facilitate customized adjustment and/or rotation of a
particular firearm component, accessory, or portion thereof. For example, an operator may wish to
adjust only a portion of the distal end of the fircarm buttstock, or to employ a specific buttstock
accessory (e.g., a padded recoil apparatus or mount). To provide universal application, such a
RMBF adapter mechanism may be configured to couple with firecarms of various brands and/or
styles using an adapter coupling. As will be discussed below, and illustrated in the various figures, a
RMBEF adapter mechanism may be positioned between the firearm and the component to be rotated
and/or reduce the felt recoil. The RMBF adapter mechanism may comprise substantially the same
main components as the prior examples, which perform substantially the same functions; however,
the RMBF adapter mechanism utilizes a different firearm attachment means.

[00237] Figure 16a illustrates a front perspective view of a first buttstock 1600 having a RMBF
adapter mechanism 1606, while Figure 16b illustrates a rear perspective view. As illustrated, the

first buttstock 1600 may comprise a fixed buttstock portion 1602 (or other fixed firecarm portion or
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surface), a movable buttstock portion 1604, and a RMBF adapter mechanism 1606 disposed
therebetween, wherein the movable buttstock portion 1604 is configured to rotate between one of a
plurality of positions. The movable buttstock portion 1604 may be further configured with a user
contact portion 1608 that abuts the user during operation. The user contact portion 1608 may be a
gripping material (e.g., rubber, or plastic), and may further be padded to further absorb recoil. In
certain aspects, as illustrated, the surface of the user contact portion 1608 may be textured to
increase friction when applied to a body or other object, thereby increasing gripping. Figures 16¢
through 16g illustrate a top plan view, a bottom plan view, a side view, a rear view, and a front
view of the first buttstock 1600, respectively.

[00238] As discussed above with regard to the other configurations, the RMBF adapter
mechanism 1606 may also be configured to compress, thereby countering some or all felt recoil.
Indeed, the RMBF adapter mechanism 1606 can perform both the functions of impact mitigation
and buttstock rotation when attached to any part of the fircarm, so long as one side of the
embodiment is attached to a fixed firearm portion (e.g., firearm body, fixed buttstock portion 1602,
etc.), whereas, the other side of the embodiment is attached to the buttstock or part of the buttstock
that contacts the firearm operator’s body (e.g., the movable buttstock portion 1604, the entire
buttstock, etc.). As illustrated in Figures 17a through 17f, the RMBF adapter mechanism 1606
enables the movable buttstock portion 1604 to switch between a default upright position (Figures
17¢c and 17d), a first axially rotated position (Figures 17a and 17b), and/or a second axially rotated
position (Figures 17¢ and 17f).

[00239] Turning now to Figures 18a through 18d, a buttstock 1800 having a RMBF adapter
mechanism is illustrated according to a second aspect of the present invention. As illustrated, the
buttstock 1800 may employ only a movable buttstock portion 1604 and a RMBF adapter
mechanism 1606, wherein the RMBF adapter mechanism 1606 couples the movable buttstock
portion 1604 directly to the fircarm, thereby obviating the need for a fixed buttstock portion.
Figures 18b through 18d illustrate a side view, a front perspective view, and a front view of the
buttstock 1800.

[00240] The RMBF adapter mechanism 1606 may be configured in one of a multiple
arrangements. To provide an overview, the RMBF adapter mechanism 1606 may be illustrated by
the following examples. These examples are provided to aid in the understanding of the invention

and are merely representative of the work that contributes to the teaching of the present novel
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article and are not to be restricted by the examples that follow. As will be appreciated from the
figures, the various RMBF adapter mechanisms share a number of correspondingly numbered
components, which will generally be described only in the first instance, and therefore, will not be
described in connection with each example variation of the RMBF adapter mechanism.

[00241] Example 1. Turning to Figures 19a through 19¢, a first example RMBF adapter
mechanism 1900 may comprise a first housing 1902 (e.g., an upper housing), a second housing
1904 (e.g., a lower housing), a helical spring 1912 disposed therebetween, and a screw 1910 (or
bolt, or the like) configured to secure the first housing 1902 to the second housing 1904. As
illustrated, the first housing 1902 and the second housing 1904 may be generally shaped like cups,
that is, a circular planar surface having a cylindrical wall (or portion thereof) at the circumference
of the circular planar surface.

[00242] When assembled, the open side of the first housing 1902 faces the open end of the second
housing 1904. One of the housings, the first housing 1902 is illustrated, may be sized such that the
outside diameter of the cylindrical wall is about equal to, or slightly less than, the inside diameter of
the other housing’s cylindrical wall (e.g., the second housing 1904). This configuration enables the
housings to move telescopically relative to one another. The two housings may be slidably coupled
to one another by a post 1906 that extends from the center of the second housing 1904’s circular
planar surface and penetrates the circular planar surface (or base) of the first housing 1902. The post
1906 further acts as an axis of rotation for the housings to rotate relative to one another. In order to
limit the telescopic travel of the two housings relative to one another, the post may have a threaded
hole 1908 sized to receive a screw 1910 or other securing device to function as a telescopic travel
limitation barrier. As illustrated, the screw 1910 may have a screw head that is larger than the post
1906 and the hole provided at the center of the first housing 1902’s base, thus functioning as a
barrier that limits the telescopic travel of the housings.

[00243] In another example, in licu of the post 1906, a shoulder bolt may be inserted through the
hole of the first housing 1902’s base, which threads into the base of the second housing 1904 (e.g.,
where the post 1906 would have been provided). In such an arrangement, the unthreaded body of
the shoulder bolt would operate as the axis of rotation of the two housings and the head of the
shoulder bolt would function as the telescopic travel limitation barrier.

[00244] Regardless of the telescopic travel limitation barrier employed, a helical spring 1912 may
be sized, shaped, and inserted between the first housing 1902 and the second housing 1904 in the
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cavity defined between the post 1906 and the inside diameter of the first housing 1902 (i.e., the
smaller of the two housings), the helical spring 1912 making contact with the inside surface of the
base of said first housing 1902 and the inside surface of the base of said second housing 1904. The
helical spring 1912 should be strong enough to hold the two housings in the fully extended position,
while also providing recoil absorption, but should be capable of being compressed (overcome) by
the operator so as to adjust the axial angle position. For example, the helical spring 1912 may have
an outside diameter that is approximately the same size as the inside diameter of the first housing.
For example, in one embodiment, helical spring 1912’s diameter may range from about 0.5” to
1.58", more preferably about 1.530”. The helical spring 1912’s inside diameter can range from the
outside diameter of the post/axis of rotation or in the current embodiment from (e.g., about 0.459”
to 1.37"-the kerf of the spring), more preferably about 1.530".

[00245] One or both of the first housing 1902 and the second housing 1904 may have portions of
their cylindrical side walls removed in order to allow clearance for attachment of the buttstock (or
parts of the buttstock) or fircarm body, while also reducing weight and material cost. For example,
a cutout in the side wall of the housing with the larger inside diameter functions as an angle
selection guide 1914, and a pin 1916 (or a bolt) affixed to the outside diameter of the first housing
1902’s cylindrical wall limits the axial rotation of the two housings relative to one another.

[00246] The base of the first housing 1902 and the base of the second housing 1904 may have a
plurality of holes 1918. The plurality of holes 1918 may be used to attach the RMBF adapter
mechanism 1900 to the fixed buttstock portion 1602 (or the firearm), the movable buttstock portion
1604, or another component of a fircarm. In certain aspects, the plurality of holes 1918 may be
threaded and configure to receive a threaded screw (e.g., a machine screw).

[00247] To change the axial angle position, a force may be applied to the first housing 1902,
thereby causing the helical spring 1912 to compress. Once enough force has been applied to the
first housing 1902, the pin 1916 disengages from a current angle selection groove 310 of the angle
selection guide 1914, thereby enabling free axial rotation. Once a desired axial angle position has
been selected via the angle selection guide 1914, the force may be released from the first housing
1902, thereby allowing the pin 1916 to reengage the angle selection guide 1914 at a desired angle
selection groove 310, thus securing the first housing 1902 in desired axial angle position with

regard to the second housing 1904.
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[00248] The number of angle selection grooves 310 governs the number of axial angle positions
that may be selected/secured. For example, the second housing 1904 illustrates an angle selection
guide 1914 having three angle selection grooves 310 (e.g., 0°, 45° clockwise, and 45°
counterclockwise). Accordingly, the RMBF adapter mechanism 1900 of Figures 19a through 19¢
would have three axial angle positions that may be selected during free rotation. However, one of
skill in the art would recognize that the number of angle selection grooves 310 may be increased, or
decreased, to achieve a desired number of available axial angle positions.

[00249] Example 2. Figures 20a through 20e¢ illustrate a second example RMBF adapter
mechanism 2000, which may comprise a first housing 1902, a second housing 1904, a helical spring
1912 disposed therebetween, and a screw 1910 configured to secure the first housing 1902 to the
second housing 1904. Rather than providing an angle guide selector 1914 cutout from the second
housing 1904 (i.e., a housing with a larger outside diameter) as illustrated with regard to Figures
19a through 19¢, the angle guide selector 1914 cutout may be placed on the housing with the
smaller outside diameter (e.g., the second housing 1904). As illustrated, this arrangement would
require additional cuts on the base of the housing with the larger outside diameter to allow the
telescopic relative motion between housings to take place; the guide pin 1916 in this arrangement
may be supported in two places which facilitates a better support to the guide pin 1916.

[00250] Example 3. Figures 21a through 21e¢ illustrate a third example RMBF adapter mechanism
2100, which may comprise a first housing 1902, a second housing 1904, a helical spring 1912
disposed therebetween, and a screw 1910 configured to secure the first housing 1902 to the second
housing 1904. Rather than providing a guide pin 1916, a notch 2102 may be formed on the second
housing 1904 that is configured to engage one of a plurality of angle selection grooves 310
positioned on the first housing 1902. Figures 22a through 22c illustrate a rear perspective view of
the third RMBF adapter mechanism 2100 in a default upright position, a default upright position,
and a second axially rotated position, respectively.

[00251] Example 4. Figures 23a through 23¢ illustrate a fourth example RMBF adapter
mechanism 2300, which may comprise a first housing 1902, a second housing 1904, a helical spring
1912 disposed therebetween, and a screw 1910 configured to secure the first housing 1902 to the
second housing 1904. As illustrated, the notch 2102 may be formed on a narrower portion of the
second housing 1904 that is configured to engage one of a plurality of angle selection grooves 310

positioned on the first housing 1902. Such a design would reduce material cost and lighten weight.
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[00252] Example 5. Figures 24a through 241 illustrate a buttstock 2400 having a RMBF adapter
mechanism 2500 according to another aspect of the present invention. In certain situations, it may
be advantageous to have a substantially scaled RMBF adapter mechanism to prevent penetration of
the internal mechanism by unwanted material and/or fluid. Such a configuration also provides for a
greater field of rotation. In fact, as will be discussed, the RMBF adapter mechanism 2500 according
to this aspect can facilitate a full rotation (360°) in either direction (i.e., clockwise or
counterclockwise).

[00253] Figure 24a illustrates a front perspective view of a buttstock 2400 having a RMBF
adapter mechanism 2500 that is substantially sealed, while Figure 16b illustrates a second front
perspective view. As with the first buttstock 1600 of Figure 16a, buttstock 2400 may comprise a
fixed buttstock portion 1602, and movable buttstock portion 1604, however a RMBF adapter
mechanism disposed therebetween, wherein the movable buttstock portion 1604 is configured to
rotate between a plurality of positions. However, the RMBF adapter mechanism 2500 of Figure 24a
is substantially sealed. Figures 24c¢ through 24h illustrate a first side view, a second side view, a
rear view, a front view, top plan view, and a bottom plan view of the buttstock 2400, respectively.
Figure 241 illustrates a cross-sectional side assembly view of the buttstock 2400 and RMBF adapter
mechanism 2500.

[00254] Turning now to Figures 25a through 25d, a fifth example RMBF adapter mechanism
2500, which may be substantially sealed when assembled, generally comprises a first housing 1902
that resembles a cogged disk, a second housing 1904, a helical spring 1912 disposed therebetween,
and a screw 1910 configured to secure the first housing 1902 to the second housing 1904.

[00255] As with the prior examples, the first housing 1902 may be sized such that the outside
diameter is about equal to, or slightly less than, the inside diameter of the other housing (e.g., the
second housing 1904). This configuration enables the housings to move telescopically relative to
one another. A plurality of cogs 2502 (e.g., male components) positioned along the outer
circumferential edge of the first housing 1902 are sized and shaped to correspond with, and engage,
a plurality of gullets 2504 (e.g., female components) configured along the inner circumferential
edge of the second housing 1904. While the first housing 1902 is illustrated and described as being
male, with the plurality of cogs 2502 being male, the opposite arrangement may be employed. That
is, the first housing 1902’s plurality of cogs 2502 may be replaced with a plurality of gullets 2504
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configured to engage a plurality of cogs 2502 positioned on the inner circumferential edge of the
second housing 1904.

[00256] The two housings may be slidably coupled to one another by a post 1906 that extends
from the center of the second housing 1904 and penetrates the center of the first housing 1902. The
post 1906 also acts as an axis of rotation for the housings relative to one another. In order to limit
the telescopic travel of the two housings relative to one another, the post may have a threaded hole
1908 sized to receive a screw 1910. As illustrated, the screw 1910 has a screw head that is larger
than the post 1906 and the hole provided at the center of the first housing 1902’s base, thus
functioning as a barrier that limiting the telescopic travel of the housings. To change the axial angle
position, a force may be applied to the first housing 1902, thereby causing the helical spring 1912 to
compress. Once enough force has been applied to the first housing 1902, as illustrated in
Figure 25¢, the plurality of cogs 2502 disengage the plurality of gullets 2504, thereby enabling free
axial rotation. Once a desired axial angle position has been selected, the force may be released from
the first housing 1902, thereby allowing the plurality of cogs 2502 to reengage the plurality of
gullets 2504 and securing the first housing 1902 in desired axial angle position with regard to the
second housing 1904. In order to assist in the engagement between the cogs and gullets, a chamfer
is machined on the periphery of both gullets and cogs, these chamfers will help align the Cogs and
gullets, which will result in a quicker and smoother angle selection.

[00257] The number of cogs 2502 and gullets 2504 governs the number of axial angle positions
that may be selected/secured. For example, the first housing 1902 illustrates 24 evenly distributed
cogs 2502 (and the second housing 1904, 24 evenly distributed gullets 2504). Accordingly, the
RMBF adapter mechanism 2500 of Figures 25a through 25¢ would have 24 axial angle positions
that may be selected during a full rotation (360°). However, one of skill in the art would recognize
that the number of cogs 2502 (and gullets 2504) may be increased, or decreased, to achieve a
desired number of available axial angle positions. While it is preferably to employ the same number
of cogs 2502 and gullets 2504 to increase contact arca between the first housing 1902 and the
second housing 1904, thus reducing unwanted movement, the number of cogs 2502 and gullets
2504 need not be the same. For example, the first housing 1902 may employ fewer (e.g., one-half,
or another fraction) evenly distributed cogs 2502, while the second housing 1904 may retain, for
example, the illustrated 24 evenly distributed gullets 2504. In such an example, every other gullet
2504 would engage a cog 2502.
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[00258] Figures 26a through 261 illustrate front perspective views of the buttstock 2400 in various
axial angle positions. Specifically, Figures 26a through 261 illustrate clockwise axial angle positions
of 0° (e.g., a default upright position), 45°, 90°, 105°, 150°, 195° (i.e., 165° counterclockwise), 210°
(i.e., 150° counterclockwise), 240° (i.e., 120° counterclockwise), 270° (i.e., 90° counterclockwise),
285° (i.e., 75° counterclockwise), 315° (i.e., 45° counterclockwise), and 345° (i.e., 15°
counterclockwise).

[00259] Example 6. Turning now to Figures 27a through 27d, a sixth example RMBF adapter
mechanism 2700, which may also be substantially sealed when assembled, generally comprises a
second housing 1904 having a plurality of pins 2702 perpendicularly disposed on the inner surface
of the second housing 1904’s cylindrical wall, a first housing 1902 having a plurality of gullets
2704 configured along the outer surface of the first housing 1902’s cylindrical wall, a helical spring
1912 disposed therebetween, and a screw 1910 configured to secure the first housing 1902 to the
second housing 1904.

[00260] As with the prior examples, the first housing 1902 may be sized such that the outside
diameter is about equal to, or slightly less than, the inside diameter of the other housing (e.g., the
second housing 1904). This configuration enables the housings to move telescopically relative to
one another. A plurality of pins 2702 (e.g., male components), which may be perpendicularly
disposed on the inner surface of the second housing 1904’s cylindrical wall, are sized and shaped to
correspond with, and engage, a plurality of gullets 2704 (e.g., female components) configured along
the outer surface of the first housing 1902’s cylindrical wall. While the first housing 1902 is
illustrated and described as being female, with the plurality of gullets 2704 being female, the
opposite arrangement may be employed. That is, the first housing 1902’s plurality of gullets 2704
may be replaced with a plurality of pins 2702 configured to engage a plurality of gullets 2704
positioned on the outer circumferential edge of the second housing 1904.

[00261] The two housings may be slidably coupled to one another by a post 1906 that extends
from the center of the second housing 1904 and penetrates the center of the first housing 1902. The
post 1906 also acts as an axis of rotation for the housings relative to one another. In order to limit
the telescopic travel of the two housings relative to one another, the post may have a threaded hole
1908 sized to receive a screw 1910. As illustrated, the screw 1910 has a screw head that is larger
than the post 1906 and the hole provided at the center of the first housing 1902’s base, thus

functioning as a barrier that limiting the telescopic travel of the housings. To change the axial angle
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position, a force may be applied to the first housing 1902, thereby causing the helical spring 1912 to
compress. Once enough force has been applied to the first housing 1902, the plurality of pins 2702
disengage the plurality of gullets 2704, thereby enabling free axial rotation. Once a desired axial
angle position has been selected, the force may be released from the first housing 1902, thereby
allowing the plurality of pins 2702 to reengage the plurality of gullets 2704 and securing the first
housing 1902 in desired axial angle position with regard to the second housing 1904. In order to
assist in the engagement between the pins and gullets, a chamfer is machined on the periphery of
both gullets and pins; these chamfers will help align the pins and gullets, which will result in a
quicker and smoother angle selection.

[00262] The number of pins 2702 and gullets 2704 governs the number of axial angle positions
that may be selected/secured. For example, the first housing 1902 illustrates eight evenly distributed
gullets 2704 (and the second housing 1904, four evenly distributed pins 2702). Accordingly, the
RMBEF adapter mechanism 2700 of Figures 27a through 27d would have eight axial angle positions
that may be selected during a full rotation (360°). However, one of skill in the art would recognize
that the number of pins 2702 (and gullets 2704) may be increased, or decreased, to achieve a
desired number of available axial angle positions. While it is preferably to employ the same number
of pins 2702 and gullets 2704 to increase contact arca between the first housing 1902 and the
second housing 1904, thus reducing unwanted movement, the number of pins 2702 and gullets 2704
need not be the same. For example, the first housing 1902 may employ a greater number (e.g.,
double, or another multiplier) of evenly distributed gullets 2704, while the second housing 1904
may retain, for example, the illustrated four evenly distributed pins 2702.

[00263] RMBF adapter mechanism 2700 provides a number of advantages. First, it shifts the load
(recoil and spring decompression when cycling the firearm) from the screw 1910 (e.g., a main
screw) to a number of a plurality of pins 2702, which could be, for example, four pins (as illustrated
in Figure 27a), or eight pins (as illustrated in Figure 28a). As a result, any issues that may arise
from the screw 1910 loosening up and leading to the system malfunction are mitigated. In certain
situations, the screw 1910 will loosen up during weapon cycling, however, this is a not an issue. In
fact, RMBF adapter mechanism 2700 will still function even if the screw 1910 is removed. Finally,
a built-in redundancy is provided. That is, multiple pins 2702 do the work of angle positioning,

travel limitation, and load bearing. The system will still operate even if all but one of the pins 2702
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are sheared, and even if the screw 1910 loosens up or is sheared. Redundancy is desirable; it leads
to system reliability.

[00264] Example 7. Turning now to Figures 28a through 28d, a seventh example RMBF adapter
mechanism 2800, which may also be substantially sealed when assembled, generally comprises a
first housing 1902 having a plurality of pins 2702 perpendicularly disposed on the outer surface of
the first housing 1902’s cylindrical wall, a second housing 1904, a helical spring 1912 disposed
therebetween, and a screw 1910 configured to secure the first housing 1902 to the second housing
1904. The RMBF adapter mechanism 2800 is a variation of the RMBF adapter mechanism 2700
having eight pins 2702, instead of four pins 2702. While eight and four are illustrated, other
numbers are possible (e.g., 2 to 24).

[00265] Example 8. Turning now to Figures 29a through 29e, an eighth example RMBF adapter
mechanism 2900 generally comprises a first housing 2708 having a plurality of pins 2702
perpendicularly disposed on the outer surface of the first housing 2708’s cylindrical wall, a second
housing 2706, a third housing 2710, a helical spring 1912 disposed between the second housing
2706 and the third housing 2710, and a screw 1910 configured to secure the first housing 1902 to
the third housing 2710. RMBF adapter mechanism 2900 allows full access (360° degrees), and no
access limitation from the outside diameter of the second housing 2706 (which is vertically
movable), to attach the buttstock (or part of the weapon) to either face of RMBF adapter
mechanism 2900. This concept moves the first housing 2708, which operates as an angle
positioning mechanism and travel limitation barrier, out of the way and buries it inside the unit
where it causes less interference with attachment or other parts of the fircarm. RMBF adapter
mechanism 2900 provides less redundancy than the RMBF adapter mechanism 2800, but increased
reliability over certain other RMBF adapter mechanisms (e.g., adapter mechanisms 1900, 2000,
2100, 2300, 2500). Further, the screw 1910 does all the load bearing; however, this concept has
built in redundancy in case a pin 2702 shears. In fact, one pin 2702 can still do the work of angle
positioning and travel limitation.

[00266] When the RMBF is installed on high power firearms utilization of a spring with a higher
spring constant is desirable, however, in such instances collapsing the spring in order to rotate the
buttstock becomes very difficult especially while holding the firearm against the shoulder in a
shooting position. For this reason the inventor has designed a few solutions to address this issue as

will be demonstrated in examples 9-12.
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[00267] Example 9. Turning to Figures 30a through 30d illustrate a modified design of the first
example RMBF, adapter mechanism 3000, which may comprise a first housing 1902, a second
housing 1904, a variable rate helical spring 3012 disposed there between, and a screw 1910
configured to secure the first housing 1902 to the second housing 1904, an angle guide selector
1914 cutout from the second housing 1904, and a pin 1916. As illustrated, this arrangement utilizes
a variable rate spring. The variable rate spring in this example is configured such that it would
require a reasonable amount of force (similar to the previous examples discussed examples 1
through 9) to collapse the spring in order to enable rotation of the first housing. However,
collapsing the spring beyond the range to enable rotation of the first housing, requires larger amount
of force, such a larger amount of force is desirable when firing high power ammunition. Therefore,
the variable rate spring is configured to allow the firearm operator to collapse and rotate the stock
utilizing reasonable force (similar to the previously illustrated examples), and collapsing the spring
beyond the range needed to rotate the spring requires substantial force due to the higher spring rate,
such a feature is desirable when firing high powered ammunition.

[00268] Example 10. Turning to Figures 31a through 31d illustrate a modified design of the first
example RMBF, adapter mechanism 3100, which may comprise a first housing 1902, a dividing
plate 3102, a first helical spring with constant spring rate 1912 disposed there between, a second
housing 3104, a second spring 3103 disposed between the dividing plate and the second housing
and a Bolt 3105 configured to secure the first housing 1902 to the second housing 3104. The bolt
3105 also acts as a rotation axis for 1902 to rotate clockwise and counter clock wise guided by the
pin 1916 and the cut out geometry 1914. The dividing plate 3102 divides the space between the
first housing 1902 and second housing 3104 into two regions, one is occupied by the first helical
spring 1912 and the second region is occupied by the second spring 3103. The bolt 3105 acts as an
axial axes allowing the dividing plate 3102 to move axially between the first spring and second
spring.

[00269] The first spring1912 has a spring constant similar to that of example 1, and the second
spring 3013 has a spring constant larger than that of the first spring. When the firearm operator
applies pressure to collapse the RMBF in order to rotate the buttstock, the first spring 1912 will
collapse and allow the first housing to rotate, the rotation is guided by the interaction between the
pin 1916 and the cutout geometry 1914, once the desired position is attained, the operator relaxes

pressure on the buttstock and the first housing 1902 is positioned in the new desired position.
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During this whole process the second spring which has a much higher spring constant than the first
spring, may not collapse or may collapse slightly, in either case it will not interfere with the
function of the RMBF to allow rotation of the buttstock. The second spring 3103 which has a
higher spring constant than the first spring, the first spring will absorb and dissipate some of the
recoil energy especially when firing heavy caliper ammunition using the firearm such that the recoil
energy may be too large to be absorbed partially or fully by the first spring, In such instances when
the first spring is completely collapsed and is unable to absorb any more energy, the excess energy
will be transmitted to the second spring which in turn collapses absorbing more of the recoil energy,
the balance of recoil energy let will be transmitted to the firearm operator at the point of contact
between the buttstock and firearm operator. Therefore, absence of the second spring would have
resulted in more of the recoil energy transmitted to the firearm operator.

[00270] Example 11. Turning to Figures 32a through 32d illustrate a modified design of the
eleventh example RMBF adapter, mechanism 3200, which may comprise a first housing 1902, a
dividing plate 3102, a first helical spring 1912 disposed there between, a second housing 3104, a
second spring 3201 disposed between the dividing plate and the second housing, and a third spring
3202 that is disposed between the second housing and the dividing plate, the third spring is fixed to
the second housing and is designed (when the mechanism is in the expanded position) to have an
overall length that is shorter than the distance between the dividing plate and the second housing,
this distance is set by the second spring which contacts at one end the second housing and at the
other end the dividing plate. The third spring is larger in diameter than the second spring in this
layout the springs are concentric to each other. The second spring 3201 has a spring constant that is
smaller in value than that of the first spring, the third spring has a spring constant that is larger than
the spring constant for either first or second springs. Bolt 3105 is configured to secure the first
housing 1902 to the second housing 3104. Bolt 3105 also acts as a rotation axis for the first
housing 1902 to rotate clockwise or counter clock wise guided by the pin 1916 and the cut out
geometry 1914. The dividing plate 3102 divides the space between the first housing 1902 and
second housing 3104 into two regions, one is occupied by the first helical spring 1912 and the
second region is occupied by the second spring 3201 and the third spring 3202. Bolt 3105 acts as
an axial axes allowing the dividing plate 3102 to move axially between the first spring and second

spring and the third spring. The second dividing plate may contact the third spring when enough
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force is applied to the RMBF mechanism such that it results in the collapse of the second spring and
allows the dividing plate to contact the third spring.

[00271] The first spring has a spring constant similar to that of example 10, the second spring has
a spring constant smaller than that of the first spring, the third spring has a spring constant that is
larger than either first or second springs. When the firearm operator applies pressure to collapse the
RMBEF in order to rotate the buttstock, the second spring will collapse firstly, since it has a spring
constant smaller than that of the first spring, the second spring will continue to collapse and the
divining plate will travel axially until it makes contact with the third spring. Once contact between
dividing plate and third spring occurs, continued pressure on the RMBF will collapse the first
spring which will allow the first housing to rotate, the rotation is guided by the interaction between
the pin 1916 and the cutout geometry 1914, once the desired position is attained, the operator
relaxes pressure on the buttstock and the first housing is positioned in the new desired position.
During this whole process the second spring (which has a spring constant smaller than that of the
first) is in the fully or partially collapsed condition, however, the third spring which has a spring
constant larger than either first or second spring may not collapse or may collapse slightly, in either
case it will not interfere with the function of the RMBF to allow rotation of the buttstock.

[00272] When a firecarm with the said RMBF attached to it is fired, the second spring which has a
spring constant smaller than that of the first spring will act first to absorb and dissipate some of the
recoil energy, depending on the caliper of the ammunition being used and the recoil delivered by
such ammunition, the second spring might absorb enough recoil energy that neither the first spring,
nor the third springs are involved in absorbing and dissipating excessive recoil energy. However,
when high powered ammunition is fired and results in the collapse of the second spring, the second
spring collapse may not be enough to absorb and dissipate the recoil energy, in such instances the
first spring will collapse and absorb and dissipate the excessive recoil energy, in some instances
when very high caliper rounds are fired the collapse of both first and second spring might be
insufficient to absorb the recoil energy, in such instances the third spring will collapse and it will
absorb recoil energy that both first and second spring were unable to absorb and dissipate. The
advantage that this configuration provides is that this mechanism adapts to different levels of recoil
energy, low (only the second spring is affected), while the second spring which has two functions
(buttstock rotation and recoil energy mitigation) is not affected which will result in a more stable

position of the buttstock (chances of inadvertent buttstock rotation are eliminated, operator will not
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need to worry about such an mishap), medium, in this instance both the second and first springs are
affected and collapse cither fully or partially, and high in this instance all three springs are affected
and collapse totally or partially to absorb the recoil energy.

[00273] Example 12. Turning to Figures 33a through 33d illustrate a modified design of the
twelfth example RMBF that utilizes three springs, adapter mechanism 3300, which may comprise a
first housing 1902, a dividing plate 3102, a first helical spring 1912 disposed there between, a
second dividing plate 3301 and a second spring 3103 disposed between the first and second
dividing plates, and a second housing 3303, a third spring 3302 disposed between the second
dividing plate and the second housing. The two dividing plates divide the space between the first
and the second housing into three distinct regions, three springs are each disposed within the three
regions. The first spring 1912 has a spring constant similar to that of the first spring in example 11,
the second spring 3103 has a spring constant similar to that of the second spring in example 10, The
third spring 3302 has a spring constant that is smaller in value than either first or second springs.
Bolt 3304 is configured to secure the first housing 1902 to the second housing 3303. The bolt 3304
also acts as a rotation axis for 1902 to rotate clockwise and counter clock wise guided by the pin
1916 and the cut out geometry 1914. The dividing plates 3102 and 3301, divide the space between
the first housing 1902 and second housing 3303 into three regions, one is occupied by the first
helical spring 1912 and the second region is occupied by the second spring 3103, the third region is
occupied by the third spring 3302. The bolt 3304 acts as an axial axes allowing the dividing plate
3102 to move axially between the first spring and second spring, it also allows the second dividing
plate 3301 to move axially between the second spring and the third spring.

[00274] The first spring 1912 has a spring constant similar to that of example 10, and the second
spring 3103 has a spring constant larger in value than that of the first spring and is similar to the
second spring in example 10, the third spring 3302 has a spring constant that is smaller in value
than either first or second springs. When the fircarm operator applies pressure to collapse the
RMBF in order to rotate the buttstock, the third spring 3302 will collapse firstly since it has a spring
constant smaller than that of the first spring, the third spring will continue to collapse and the
second dividing plate 3301 will travel axially until the third spring is completely or almost
completely collapsed (this depends on the actual value of the spring constant compared to the that
of the first and seconds springs). Once the spring is fully collapsed and/or no more compression of

the third spring is possible, continued pressure will collapse the first spring 1912 which will allow
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the first housing 3303 to rotate, the rotation is guided by the interaction between the pin 1916 and
the cutout geometry 1914, once the desired position is attained, the operator relaxes pressure on the
buttstock and the first housing will be positioned in the new desired position. During this whole
process, the third spring 3302 which has a spring constant smaller than that of the first spring is in
the fully or partially collapsed condition, however, the second spring 3103 which has a spring
constant larger than either first or third springs may not collapse or may collapse slightly, in either
case it will not interfere with the function of the RMBF to allow rotation of the buttstock. When the
firearm operator fires a round, the third spring 3302 which has a spring constant smaller than that of
the first spring 1912 will collapse first to absorb and dissipate some of the recoil energy, depending
on the caliper of the ammunition being used, the third spring 3302 might absorb enough recoil
energy that neither the first spring 1912, nor the second springs 3103 are involved in absorbing and
dissipating excessive recoil energy. However, when high powered ammunition is fired and results
in the collapse of the third spring, the collapse of the third spring 3302 may not be enough to
absorb and dissipate the recoil energy, in such instances the first spring 1912 will collapse and
absorb and dissipate the excessive recoil energy, in some instances when very high caliper rounds
are fired the collapse of both first 1912 and third spring 3302 might not be sufficient to absorb the
recoil energy, in such instances the second spring 3103 will collapse and it will absorb recoil energy
that both first and third springs were unable to absorb and dissipate. The advantage that this
configuration provides is similar to that of example 11, in that this mechanism adapts to different
levels of recoil energy, however, example 11 has an advantage over example 12, in that example 11
requires less space than example 12 while performing almost the same function, however, example
12 has an advantage over example 11 in that the third spring in example 11 requires fastening of the
third spring to the second housing, whereas, in example 12 there is no such requirement and each
spring occupies a separate region within the divided space between the two housings, each spring in
this instance is supported by a divider plate and a housing or two divider plates.

[00275] Example 13. Turning to Figures 34a through 34d illustrate a modified design of the
thirteenth example RMBF that utilizes two springs and a polymer buffer, adapter mechanism 3400,
which may comprise a first housing 1902, a dividing plate 3102, a first helical spring 1912 disposed
there between, a second dividing plate 3401 and a second helical spring 3103 disposed between the
first and second dividing plates, and a second housing 3403, a polymer buffer 3402 disposed

between the second dividing plate and the second housing. The two dividing plates divide the
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space between the first and the second housing, two springs and a polymer buffer are each disposed
within the three spaces. The first spring 1912 has a spring constant similar to that of the first spring
in example 10, the second spring 3013 has a spring constant similar to that of the second spring in
example 10, the polymer buffer 3402 may be made of clastic material or a Visco Elastic Material
(VEM) or a material that combines properties of both elastic and VEM. Bolt 3304 is configured to
secure the first housing 1902 to the second housing 3403. The bolt 3304 also acts as a rotation axis
for the first housing 1902 to rotate clockwise and counter clock wise guided by the pin 1916 and the
cut out geometry 1914. The dividing plates 3102 and 3401, divide the space between the first
housing 1902 and second housing 3403 into three regions, one is occupied by the first helical spring
1912 and the second region is occupied by the second spring 3103, the third region is occupied by
the polymer buffer 3402. The bolt 3304 acts as an axial axes allowing the dividing plate 3102 to
move between the first spring and second spring, it also allows the second dividing plate 3401 to
move between the second spring 3013 and the polymer buffer 3402.

[00276] The first helical spring 1912 has a spring constant similar to that of example 10, and the
second spring 3013 has a spring constant larger in value than that of the first spring and is similar to
the second spring in example 10, the polymer buffer 3402 may be made of an elastic or VEM
material. The second housing 3403 consists of a cup at one end with tapered sides and is open on
the other end, the tapered sides of the cup encapsulate the polymer buffer 3402 which has mating
male taper on its outside diameter, the two tapers (that of the inside walls of the cup and that of the
polymer buffer outside diameter), match each other and when assembled together form a complete
fit.

[00277] Use of a polymer buffer 3402 which may be made up of Visco Elastic material (VEM)
this materials mostly belongs to the family of Urethane or latex materials. When VEM material is
used in the RMBEF it performs two functions, once the recoil energy hits the VEM, the VEM will
start to collapse and will transmit the energy in all directions away from the source of the recoil
energy, the energy will be transmitted both axially and radially, the radial component will be
transmitted into the walls of the RMFB that are encapsulating the VEM, however, the encapsulating
walls are made up of a material with a high modulus of elasticity (preferably Steel or steel alloy or
Aluminum or Aluminum alloy), therefore, the walls will experience a minor deflection and most of
this energy will be dissipated into the RMBF walls as heat, the recoil energy, therefore, will be
reduced by the amount of energy dissipated radially by the VEM, which will contribute to the
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reduction of the felt recoil. Remaining axial component of the recoil energy will cause the VEM to
deform in the axial direction, any energy not used up in the VEM deformation will be transmitted
through the rest of the RMBF body where it will act on the spring or springs and cause them to
compress axially, the balance of recoil energy ((recoil energy — energy dissipated in VEM
compression (both radial and axial components) — energy dissipated in the spring or springs
deflection)) will be transmitted through the butt stock and onto the point of contact with the body of
the firearm bearer.

[00278] The aforementioned VEM absorbs the recoil energy and dissipates it axially and radially,
however, most of the examples of this material available commercially have a slow recovery (time
it takes to restore its original physical dimensions), the recovery rate is usually longer than 0.5
seconds, such a property will render this material non-ideal for a fast rate of recoil experienced
when firing an automatic weapon, however, for weapons that are not fired at a high rate (examples
are sniper rifles and most shotguns and most semi-automatic carbines), the slow recovery time of
the VEM will not be an issue since rounds are usually fired with a longer span in between (longer
than 0.5 seconds) which is ample time to allow recovery of the VEM, and the VEM incorporated in
the assembly of the RMBF will perform dissipate energy radially and axially. Until a Visco Elastic
material with very short recovery rate (less than 0.5 seconds) becomes available, firearms that shoot
at a high rate will utilize a Micro Cellular material, these polymers mostly belong to the
polyurethane family, such materials when used in the RMBF invention will absorb the recoil
energy, and will transmit the balance of recoil energy, mostly in the axial direction, and a very
small component in the radial direction, the Micro cellular material has a very short recovery rate it
can range from 0.01-0.5 seconds, which makes it ideal for full automatic firearms, and in this
instance performs a function very close to that of a helical spring.

The reason for utilizing a tapered cup as illustrated in figure 34d in the second housing 3403 (detail
3405) is to provide preferential movement or expansion of the polymer when the force acting on it
and causing it to compress is removed to further improve the polymer recovery.

When the firearm operator applies pressure to collapse the RMBF in order to rotate the buttstock,
the polymer buffer 3402 will collapse until the force needed to collapse it any further exceeds the
force needed to collapse the first spring 1912, at this point the continued pressure onto the RMBF
will lead to the collapse of the first spring 1912 which will allow the first housing 1902 to rotate,

the rotation is guided by the interaction between the pin 1916 and the cutout geometry 1914, once
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the desired position is attained, the operator relaxes pressure on the buttstock and the first housing
is positioned in the new desired position. During this whole process the polymer buffer 3402 is
being compressed. The second spring 3103 which has a spring constant larger than the first
springmay not collapse or may collapse slightly, in either case it will not interfere with the function
of the RMBF to allow rotation of the buttstock.

When a round is fired the polymer buffer 3402 which may be made up of a purely elastic material
or a purely VEM or may be somewhere in between VEM and pure elastic, is subjected to the recoil
energy, depending on its properties as a VEM or as an elastic material, the latter will compress just
like a helical spring and in doing so will absorb some of the energy during its compression and will
transmit mostly in the axial direction the balance to the rest of the recoil energy to the springs
within the RMBF. Whereas, a pure VEM will absorb some of the recoil energy and will dissipate
some of it due to the collapse of the VEM, some recoil energy is dissipated as heat, while the
balance of the recoil energy will be transmitted both axially and diametrically into the body of the
RMBEF, specifically, the part that is encapsulating the VEM. Energy transmitted to the side walls of
the RMBF will cause a slight deflection of the RMBF walls, whereas, the major portion of this
energy will be transformed into heat. The balance of recoil energy, which has been reduced by the
energy dissipated in the VEM and reduced by the amount of energy dissipated in the side walls of
the RMBEF, is transmitted to the first spring 1912 which will deflect first since it has a lower value
spring constant than the second spring 3103, if such amount of energy completely collapses the first
spring 1912, the balance of energy left will be transmitted to the second spring 3103. The second
spring will absorb and dissipate the some or all the energy transmitted to it, any energy left after the
second spring is completely collapsed will be transmitted onto the point of contact between the
firearm operator and the point of contact with the firearm

[00279] Example 14. Turning to Figures 35a through 35d illustrate a modified design of the
fourteenth example RMBF that utilizes two springs and a polymer buffer, adapter mechanism 3500,
which may comprise a first housing 3501, a dividing plate 3502, a polymer buffer 3402 disposed
there between, a second dividing plate 3502 and a second spring 1912 disposed between the first
and second dividing plates, and a second housing 3303, a second spring 3103 disposed between the
second dividing plate and the second housing. The two dividing plates divide the space between
the first and the second housing into three distinct spaces, two springs and a polymer buffer are

cach disposed within the three spaces. The first spring 1912 has a spring constant similar to that of
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the first spring in example 10, the second spring 3103 has a spring constant similar to that of the
second spring in example 10, polymer buffer 3402 is similar to that of example 13. Bolt 3304 is
configured to secure the first housing 3501 to the second housing 3303. The bolt 3304 also acts as
a rotation axis for 3501 to rotate clockwise and counter clock wise guided by the pin 1916 and the
cut out geometry 1914. The dividing plates 3502 and 3102, divide the space between the first
housing 3501 and second housing 3303 into three regions, the first region is occupied by the
polymer buffer 3402, the second region is occupied by the first helical spring 1912 and the third
region is occupied by the second spring 3103. The bolt 3304 acts as an axial axes allowing the
dividing plate 3502 to move axially between the polymer buffer and the first spring, it also allows
the second dividing plate 3102 to move axially between the first and second springs.

[00280] The components of mechanism 3500 function similarly to those of mechanism 3400, the
main difference is in this example the first housing encapsulates the polymer buffer 3402 and its
inside walls 3405 are tapered to match the sides of the polymer buffer, whereas, in example 13, the
second housing encapsulated the polymer buffer and had the tapered inside walls to match the sides
of the polymer buffer. The main reason for this arrangement is the energy dissipated within the
VEM is mostly transformed into heat in addition to the energy transmitted and dissipated into the
sides of the RMBF it too is mostly transformed into heat. The intention of the inventor in this
arrangement is to dissipate this heat away from the body of the fircarm where it may affect the
function of the fircarm, and into the buttstock, either arrangement depends on the preference of the
firearm operator and the prevailing conditions under which the firearm is being used.

[00281] Example 15. Turning to Figures 36a through 36d, a fifteenth example RMBF adapter
mechanism 3600 may comprise a first housing 1902, a second housing 3601, a helical spring 3602
disposed there between, and a screw 1910 (or bolt, or the like) configured to secure the first housing
1902 to the second housing 3601. As illustrated, the first housing 1902 and the second housing
3601 may be generally shaped like cups, that is, a circular planar surface having a cylindrical wall
(or portion thereof) at the circumference of the circular planar surface.

[00282] This RMBF mechanism is identical to mechanism 1900 of example 1, the only difference
is that this example has a protruding ledge from the second housing such that this ledge along with
the first housing completely encloses the spring, therefore, isolating the spring from the
surroundings which is desirable to keep the operator gear or clothing from getting caught by the

spring while handling or using a firearm with an RMBF mechanism installed on it.
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[00283] Referring to Figures 37a through 37d, Figures 38a through 38d, and Figures 39a through
39d, illustrate a sliding buttstock 3701 attached to firearm 1000, a RMBF mechanism of example
15 (3600) of this invention is attached to the end of the sliding buttstock 3701, attached to the first
housing of the RMBF is the floating part of the buttstock 1604. Figure 37a illustrates a rear
perspective view of the sliding buttstock with RMBF mechanism and a floating buttstock, the
floating butt stock is in the default upright position. Figure 37b illustrates a side view of the firearm
with the sliding buttstock and RMBF of example 15 and floating buttstock, for clarity figure 37c
and figure 37d are the front back and front views of the current configuration of firearm, sliding
buttstock, RMBF and rotating buttstock embodiments.

[00284] Figure 38a illustrates a rear perspective view of the sliding buttstock 3701 with RMBF
mechanism 3600 and a floating buttstock 1604, the floating butt stock is in the second axial
position. Figure 38b illustrates a side view of the firearm with the sliding buttstock and RMBF
3600 and floating buttstock 1604, for clarity figure 38c and figure 38d are the front back and front
views of the current configuration.

[00285] Figure 39a illustrates a rear perspective view of the fircarm 1000 with sliding buttstock
37001 with RMBF mechanism 3600 and a floating buttstock 1601, the floating butt stock is in the
first axial position. Figure 39b illustrates a side view of the firearm 1000 with the sliding buttstock
3701 and RMBF 3600 and floating buttstock 1604, for clarity figure 39¢ and figure 39d are the
front back and front views of the current configuration.

[00286] Figure 40a through 40f, illustrate the fircarm 1000 with the sliding buttstock 3701 to
which the RMBF 3600 is attached, a floating buttstock 1604 is attached to the other end of the
RMBF, the floating buttstock is at the default upright position. Figure 40a illustrates the sliding
butt stock in a fully extended position, figure 40b is a back view of the said configuration.

[00287] Figure 40c illustrates a side view of the firearm 1000 with sliding buttstock 3701 and
RMBF 3600 and floating buttstock 1604, the sliding butt stock 2701 is in the partially extended
position. Figure 40d is a back view of the said configuration.

[00288] Figure 40¢ illustrates a side view of the fircarm 1000 with sliding buttstock 3701 and
RMBF 3600 and floating buttstock 1604, the sliding butt stock 2701 is in the fully collapsed.
Figure 40f is a back view of the said configuration.

[00289] Example 16. Turning to Figures 41a through 41d, a sixteenth example RMBF adapter

mechanism 4100. Figure 41a illustrates an assembly view of the sixteenth example RMBF adapter
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mechanism with a modified first housing 4101 comprising three holes 4102a, b and ¢ to accept one
two or three guide pins 1916. Figure 41b, 41c and 41d illustrate a rear perspective view, a top view
and a cross-sectional side view respectively of the RMBF adapter mechanism of Figure 41a. This
embodiment encompasses a slight modification of the adapter mechanism 3600. The said
modification comprises the addition of one or two guide pins 1916 and the matching holes (4102a,
b and c) are added to the first housing to attach the said added pins. The rest of the embodiment is
similar in design and structure to the adapter mechanism 3600. This embodiment may comprise a
first housing 4101, the housing 4101 may comprise two or three holes 4102, that maybe threaded or
simply machined to receive one or two or three guide pins 1916, a second housing 3601, a helical
spring 3602 disposed there between, and a screw 1910 (or bolt, or the like) configured to secure the
first housing 1902 to the second housing 3601. As illustrated in figure 41a, this embodiment may
comprise one or two or three guide pins that may be attached to the first housing and fit into the
holes 4102, the first housing may have one or two or three holes 4102, the holes are configured
such that the first hole is positioned perpendicular to the axis of rotation of the first housing, the
second and third holes are placed in the same plane as the first hole however, they are offset 45° to
the right and 45° to the left of the first hole, these holes are illustrated on figure 41a, first hole
4102a, second hole 4102b and third hole 4102¢. Attachment of the guide pin into the hole maybe
accomplished by any means used to temporary or permanently attach two metals, the guide pins
1916 maybe threaded or welded or simply press fit into the holes 4102. As illustrated, the first
housing 1902 and the second housing 3601 may be generally shaped like cups, that is, a circular
planar surface having a cylindrical wall (or portion thercof) at the circumference of the circular
planar surface.

[00290] In some instances fircarm users do not want to utilize the butt stock angle selection aspect
of this invention and are only interested in the recoil mitigation aspect of this invention, in such
instances this RMBF maybe be configured to function as a recoil mitigation mechanism only. This
is accomplished by attaching three guide pins 1916 to the first housing 4101, each guide pin is
attached in a corresponding hole 4102 (all three holes a, b and ¢ will be fit with guide pins), the pins
will be in contact with the selection grooves 301 and will prevent the first housing from rotating,
but will allow it to move in the axial direction only. This may also be accomplished by attaching

two pins 1916 into two holes 4102a and 4102c, in this instance the two holes offset 45° to the right
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and to the left of hole 4102b will only will be used, this will accomplish the same goal as utilizing
three guide pins.

[00291] In other instances the firearm user may only want to utilize two angular position selection
along with the recoil mitigation aspect of this invention. For example an operator might only want
to use the default upright position and the first axial position and does not want to use the second
axial position and does not want to RMBF mechanism to inadvertently rotate the buttstock to the
second axial position, in such an instance, only two guide pins 1916 and only two holes 4102a and
4102b will be utilized, the pins are secured in the said holes, the RMBF in this instance will allow
only selection of two positions, the default upright position and the first axial position, this
limitation in position selection will not affect the recoil mitigation aspect of the RMBF mechanism.
In another instance the firearm operator may only want to utilize two angular selection along with
the recoil mitigation aspect of the invention, but in this instance the operator wants to utilize the
default upright position and the second axial position. Similar to the previous instance two holes
two pins are used, the holes in this instance are 4102a and 4102c. Attaching pins into these holes

will limit the angular selection to the second axial position and the default axial position.

[00292] Turning to figures 42a through 42c, these figures illustrate a sliding buttstock 3701
attached to firearm 1000, and a RMBF mechanism of example 16 (4100) of this invention which is
attached to the end of the sliding buttstock 3701, attached to the first housing of the RMBF is the
floating part of the buttstock 1604. Figure 42a is a top view of the aforementioned firearm 1000,
sliding stock 3017, RMBF 4100 and floating butt stock 1604, in this example the RMBF 4100 is
configured to provide only recoil mitigation function and no buttstock rotation function. This is
accomplished through attaching three pins 1916 to the first housing. Figure 42 C illustrates a
detailed view of the RMBF 4100 with the three pins 1916 attached to the holes 4102a, b and ¢ in
the first housing. Figure 42b illustrates the back view of the aforementioned configuration, the
floating buttstock is locked in the default upright position.

[00293] Turning to figures 42d through 42f, these figures illustrate a sliding buttstock 3701
attached to firearm 1000 and a RMBF mechanism of example 16 (4100) of this invention which is
attached to the end of the sliding buttstock 3701, attached to the first housing of the RMBF is the
floating part of the buttstock 1604. Figure 42d is a top view of the aforementioned firecarm 1000,
sliding stock 3017, RMBF 4100 and floating butt stock 1604, in this example the RMBF 4100 is
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configured to allow selection of only two buttstock positions (the default upright position and the
first axial position) and provide recoil mitigation function. This is accomplished through attaching
two pins 1916 to the first housing. Figure 24f illustrate a detailed view of the RMBF 4100 with the
two pins 1916 attached in holes 4102 in the first housing 4101 of RMBF mechanism 4100, the pins
are attached to holes 4102a and ¢ (for more illustration, please refer to figure 41a). Figure 42¢
illustrates the back view of the aforementioned configuration, the floating butt stock is positioned in
the first axial position, the floating buttstock in this example can be located in two positions only,
the default upright position and the first axial position.

[00294] Turning to figures 42g through 42i, these figures illustrate a sliding buttstock 3701
attached to firearm 1000, and a RMBF mechanism of example 16 (4100) of this invention which is
attached to the end of the sliding buttstock 3701, attached to the first housing of the RMBF is the
floating part of the buttstock 1604. Figure 42d is a top view of the aforementioned firecarm 1000,
sliding stock 3017, RMBF 4100 and floating butt stock 1604. In this example the RMBF 4100 is
configured to allow selection of only two buttstock positions (the default upright position and the
second axial position) and provide recoil mitigation function. This is accomplished by attaching
two pins 1916 to the first housing. Figure 241 illustrates a detailed view of the RMBF 4100 with the
two pins 1916 attached to holes in the first housing 4101 of RMBF mechanism 4100, the pins are
attached into holes 4102a and b (for more illustration, please refer to figure 41a). Figure 42h
illustrates the back view of the aforementioned configuration, the floating butt stock is positioned in
the second axial position, the floating buttstock in this example can be located in two positions
only, the default upright position and the second axial position.

[00295] The foregoing description and accompanying figures illustrate the principles, preferred
embodiments, and modes of operation of the invention. However, the invention should not be
construed as being limited to the particular embodiments discussed above. Additional variations of
the embodiments discussed above will be appreciated by those skilled in the art. Therefore, the
above-described embodiments should be regarded as illustrative rather than restrictive.
Accordingly, it should be appreciated that variations to those embodiments can be made by those
skilled in the art without departing from the scope of the invention as defined by the following
claims.

[00296] All documents cited herein, including journal articles or abstracts, published or

corresponding U.S. or foreign patent applications, issued or foreign patents, or any other documents
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are cach entirely incorporated by reference herein, including all data, tables, figures, and text

presented in the cited documents.
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CLAIMS
What is claimed:

1. A recoil mitigation and buttstock floating (RMBF) device for a firearm, the
RMBF device comprising:
a tube component configured to attach to a firearm; and
a bracket for mounting a buttstock;
wherein the bracket is coupled to the tube component and
configured to rotate relative to a longitudinal axis of the tube
component, thereby defining an axis of rotation, and
wherein a position of the bracket relative to the tube

component can be locked at one of a plurality of axial angles.

2. The RMBF device of claim 1, wherein the tube component comprises an open
end and a closed end, wherein the open end comprises a connecting component to

secure it to a firearm.

3. The RMBF device of claim 2, wherein the RMBF device further comprises a
recoil spring and a recoil buffer weight, wherein the recoil spring is positioned inside
of the tube component and applies a force upon the closed end and the recoil buffer

weight.

4. The RMBF device of claim 3, wherein the recoil spring provides impact

mitigation.
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5. The RMBF device of claim 1, further comprising a buttstock, wherein the

buttstock is attached to the bracket.

6. The RMBF device of claim 1, wherein the bracket comprises an annular ring
at a first end of the bracket, the annular ring coupling the bracket to the tube

component, thereby securing the bracket to the tube component.

7. The RMBF device of claim 5, wherein the annular ring is slideably and axially

coupled to the tube component.

8. The RMBF device of claim 1, wherein:

the bracket comprises a bolt hole on a second end of the bracket;

the tube component comprises a bolt hole in the center of a closed end of the
tube; and

a first bolt engages the bracket’s bolt hole and the tube component’s bolt hole

to secure the components together and define the axis of rotation around the first bolt.

9. The RMBF device of claim 8, wherein the RMBF device further comprises an
expansive component that applies expansive force to push the bracket away from the
tube down the first bolt until the bolt catches to create a maximum extension of the

RMBF device.
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11. The RMBF device of claim 9, wherein the expansive component is a helical

spring.

12.  The RMBF device of claim 9, wherein the RMBF device further comprises:

a second bolt connected to the bracket; and

an extension of the tube component that comprises a cutout that is shaped to
receive the second bolt;

wherein the cutout has several grooves such that, at rest, the expansive
component pushes the second bolt into one of said grooves locking the rotation of the

bracket relative to the tube component.

13.  The RMBF device of claim 12, wherein compressive force can be applied to
the RMBF device to compress the expansive component thereby freeing the bolt from
the grooves, such that the bracket can be rotated around the tube, or a first bolt, and
such that the second bolt can engage a different groove when the compressive force is

removed.

14. The RMBF device of claim 1, wherein the RMBF device further comprises an
expansive component that applies expansive force to push the bracket away from the
tube down the axis of rotation until a first bolt catches to create a maximum extension

of the RMBF device.
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15.  The RMBF device of claim 14, wherein the expansive component is a helical

spring.

16.  The RMBEF device of claim 15, wherein the RMBF device further comprises:

a second bolt connected to the bracket; and

an extension of the tube component that comprises a cutout that is shaped to
receive the second bolt;

wherein the cutout has several grooves such that, at rest, the expansive
component pushes the second bolt into one of said grooves locking the rotation of the
bracket around the tube component; and

wherein compressive force can be applied to the RMBF device to compress
the expansive component thereby freeing the second bolt from the grooves, such that
the bracket can be rotated around the tube and such that the bolt can engage a

different groove when the compressive force is removed.

17. A recoil mitigation and buttstock floating (RMBF) adapter mechanism
comprising:

a first housing, wherein the first housing couples to a movable buttstock
portion;

a second housing, wherein the second housing couples to a fixed fircarm
portion;

a helical spring disposed between said first housing and said second housing;

and
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a device configured to secure the first housing to the second housing, wherein

the first housing is configured to rotate relative to the second housing.

18. A method of axially rotating components of a firearm, the method comprising:
applying a lateral force to a first component of a firearm, said lateral force
compressing a helical spring within said firearm; and
applying a rotational force to the first component of the firearm relative to a
second component,
wherein the first component rotates relative to a longitudinal
axis of the second component, thereby defining an axis of rotation, and
wherein a position of the first component relative to the second

component can be locked at one of a plurality of axial angles.

19. The method of claim 18, wherein the first component is a buttstock.
20.  The method of claim 19, wherein the second component comprises a firing
mechanism.

53



WO 2015/171206 166 PCT/US2015/021330
11 ‘ 188
}? 140 \ ,,,,,,,
‘\
N
g 120
KK:W?Z’Z“L?%% i\ s ;
Fig. 1a
{prior art}
100
%
g
M
¥ 120

Fig. 1b

{prior art)



PCT/US2015/021330
: N
N,
N

WO 2015/171206

01z

i
\\;._.

I
id

D
[{e]
ot
P 0T
& [ . i
SIS o P;:R ;;;;;;;;;;; \ cEe
v)lllr‘llrll’l
/. \\ i.!l:.l-lin.ll {.!I.U.,II.H”HH.II e
< (e ——
/w/!, M ﬁw e lffWHHi“l;M.:.h:i!fMWU”WIMMM”H:I.WW M\.\M \.W.\.l
R S| w/; T =/ 1 —
T B } ...w
,,,,,,,,,,, o fr
e S * g w Q A
e oo b ;
T— T N BEE
/ — A4
ed ¢ 74
FYd RET



WO 2015/171206 PCT/US2015/021330

310 347 238 240

350

Fig. 3a Fig. 3b



PCT/US2015/021330

47686

WO 2015/171206




PCT/US2015/021330

5766

WO 2015/171206

Ove e

062

- OTE



PCT/US2015/021330

6/66

WO 2015/171206

S,

B T e S ool B



PCT/US2015/021330

7768

WO 2015/171206

e
.




PCT/US2015/021330

8766

WO 2015/171206

3G "84

01




PCT/US2015/021330

9766

WO 2015/171206

209

T4



PCT/US2015/021330

10/ 686

WO 2015/171206




PCT/US2015/021330

WO 2015/171206

11766




PCT/US2015/021330

12766

WO 2015/171206




800

WO 2015/171206 PCT/US2015/021330
13/66

{

- 73
H I .
[ [/ — .
{\ T j,) o
~. \“‘{ _— NMW - m
g/ I
w
f,ﬂ"’"‘i
u
/I~
<\ o
bk




PCT/US2015/021330

14766

WO 2015/171206




PCT/US2015/021330

15/ 66

WO 2015/171206




PCT/US2015/021330

WO 2015/171206

16 /66

2

814

oo oan fwn W

{,

G wr xxe N OB N oo0 BOD SOAS M W BN W@ W RO U KR OO0

e

[



S
2]
[ae]
Al
[
<
7
o)
=
[\
2]
2
[
o
=%
&
©$2
fene
<

WO 2015/171206

-

e .

ey P ‘

\\ \\ \v\.w%/w ; \NV [ (U.‘.\\\\HM\H\.“\W\{R\ B \\\ J \\L

o N { TS P e e
i [ \ $ I ~ v\ .
..... e .;&Mwhw yarardl 2 oy,
l (.




PCT/US2015/021330

18 /66

WO 2015/171206

)

o R A A SR




WO 2015/171206 PCT/US2015/021330
19/66

200



WO 2015/171206 PCT/US2015/021330
207686

Fig. 10d

1000




PCT/US2015/021330

21/686

WO 2015/171206

.

3
0oy

S

N

¢
i

Oo¢



WO 2015/171206

PCT/US2015/021330
22166

{

Fig. 11b




WO 2015/171206

23

{
{

66

PCT/US2015/021330

Fig. 11d

Fig. 11c



PCT/US2015/021330

24 /68

WO 2015/171206

H ad
L R R KRR S O S G i SIS

0001

P e e oL O P Y

= £ i 2y
J PR e [ 7 w H/w
e QT o)
wmu. . 1Y - e %, ,. 3 Mwm.-.wﬁ);ﬂv;\mu

—

RS EEEER

'
~ 0z



PCT/US2015/021330

257166

WO 2015/171206

qzT "84




WO 2015/171206

26

{
{

66

PCT/US2015/021330

Fig. 12d

Fig. 12¢



PCT/US2015/021330

27 /68

WO 2015/171206

N R A AR SN N G A N

\

B

2007

R f
R e
T 5



PCT/US2015/021330

WO 2015/171206

28 /66

:{.all:v.kirﬁ..}.wa
&

-

Gt
»n.b.(..& 3 .




PCT/US2015/021330

28/ 66

WO 2015/171206




30/66

N1 "Sid

UpT "84




WO 2015/171206

31766

PCT/US2015/021330

2. 140

o



PCT/US2015/021330

3271686

WO 2015/171206

o

eqT "3i4

i 315

onst




PCT/US2015/021330
33/66

WO 2015/171206

~01%
7

1
oottt 0 A o S ‘S A S S S M B W O £ A G s e o

l/n
2051

[ 1 218

it S v R ik QN ek Nl ol M ook SN Yo J il SN ey sl i § W& [ G st k.

N

2051




WO 2015/171206 PCT/US2015/021330
347686




PCT/US2015/021330
35/66

WO 2015/171206




WO 2015/171206 PCT/US2015/021330
36 /66

160s 1596 1602 Fig. 16¢
P,

Fig. 16d



PCT/US2015/021330

37766

WO 2015/171206

BOEN Z087



WO 2015/171206 PCT/US2015/021330
38766

ey Ao
_ — s

Fig. 17¢

» 1606
1600 /ff‘;‘:\‘% ?

--------- /

./
Fig. 17b Fig. 17¢




PCT/US2015/021330
38/66

WO 2015/171206

QT ‘814




PCT/US2015/021330

WO 2015/171206

43/ 66

008y

FOUL

9091



WO 2015/171206 PCT/US2015/021330
41766

e N 1914
1900 P 7%\%P\1W 1500
AT 4P 1910
/ AN &7 \ Y
/ Il \\ \\‘\, \ /<°‘\/\\\ W»‘\ v \ \‘m‘\j}
@ t ) \ AN e ERaE .
. 1 1808 . \x// ;'! \‘} :«\_.\ N \“ '\ \\ \ \ /
w16 A A | S Y
== pitiSsm—— A\
U.f}:::':' /) //
et y ,  — ’
DIV

Fig. 19b

»
o’
e et

AL
\/\\\“3?37‘“
Fig. 19

\w“('a-"x

. 1902
Fig. 19¢ Fig. 194



WO 2015/171206 PCT/US2015/021330
427166




PCT/US2015/021330
43766

WO 2015/171206

Fig. 21e

Fig. 21d



WO 2015/171206 PCT/US2015/021330
44 1 66




WO 2015/171206 PCT/US2015/021330
45/ 66




PCT/US2015/021330
46/ 66

WO 2015/171206

pyz Si4 P Bid

L3
A
!
1
i
i
L
H
-
Sed

T - DN b

gose oave

AJAQQWN



WO 2015/171206 PCT/US2015/021330
47 1 66

1604 1602 2400

bed
£
£

Fig. 2de  Fig. 24f

. 1604
4oy ;
1502 1910
o [ 3
P A )
L AN
ﬁx\\g
< < B -‘E \\
N .
g \\ ~ ~ \\ \\ \\'\ \ N \'\ \\ \\ \\ i \
N e T S N AN ™ 1 i 3
e Q\\ \A\ \\ \\ \\ \\ \
. . g . ~. AN
~—— ~. ~
S . N
- N ~. ~
e N . .
\}\,\ Ny . .
. . .
\‘\\\Q\\\ ™~
\»_*\A
)

>t
d

o2
[
o33

NS
,\\\‘-\ \\\i"‘\

R

R
5

.
EIUIAIMANBAANAL



WO 2015/171206 PCT/US2015/021330
48 / 66

1810 1802
! 2




PCT/US2015/021330
49766

WO 2015/171206




PCT/US2015/021330

53/66

WO 2015/171206




PCT/US2015/021330

WO 2015/171206

51/66

YOSE]

TI6T—1

o A i
| T0LT ~ L,W%\ﬁg \\
\TO D

vn oT6T i.!.w\ .
Y061 0047

342 "84




WO 2015/171206 PCT/US2015/021330
52766

2800 %,9 19fio \

e \vj»1904
o X
e\
\i\i\ QE\\\\ Y
AN ,)5“ %
"
S22 kg, 280

1942

4 41012

1904




WO 2015/171206

53/66

PCT/US2015/021330

2800 1810
1802
ST ‘:?\\‘ﬁ\ \ \x%\‘\?\""g
3 VAR AN




PCT/US2015/021330

54 /66

WO 2015/171206

S Sl i

FSELBEGT




PCT/US2015/021330

55 /66

WO 2015/171206




PCT/US2015/021330

56 /66

WO 2015/171206

5

3N

OSRG-S . e

wrcan
NG e




WO 2015/171206 PCT/US2015/021330
57 /686

e —

SRS

T

"y

[IU—




WO 2015/171206 PCT/US2015/021330




PCT/US2015/021330
58 /66

WO 2015/171206




PCT/US2015/021330
60/ 66

WO 2015/171206




PCT/US2015/021330

61/66

WO 2015/171206




PCT/US2015/021330

62 /66

WO 2015/171206




PCT/US2015/021330
63/66

WO 2015/171206

Nt
i ettaitatoinny ¢

f———: ———"




PCT/US2015/021330

64 /66

WO 2015/171206




PCT/US2015/021330

WO 2015/171206

65 /66

w4
fv“'&"ﬁ




PCT/US2015/021330

66 / 66

WO 2015/171206

: 3y
o—— Y




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/021330

A. CLASSIFICATION OF SUBJECT MATTER

INV. F41C23/20 F41C23/14
ADD.

F41C23/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F41C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

19 February 2004 (2004-02-19)
Y paragraphs [0006],
[0038], [0039]
figures 7-10

column 8, Tines 11-29
figures 2A, 3

31 May 1921 (1921-05-31)
page 1, Tines 39-45

figures 1, 2

X US 2004/031182 Al (BENTLEY JAMES K [US])
[0014] - [o0l6],

Y US 1 379 989 A (JOHNSON STUART P)

page 1, line 70 - page 2, line 31

Y US 5 827 992 A (HARRIS MICHAEL R [US] ET 2-4
AL) 27 October 1998 (1998-10-27)

9-15

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 October 2015

Date of mailing of the international search report

27/10/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Van Leeuwen, Erik

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/021330

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

[CH]) 7 July 1988 (1988-07-07)
column 4, lines 2-14
figures 1, 4, 5

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2008/028662 Al (ABRAHAM DICK [US] ET 1,16
AL) 7 February 2008 (2008-02-07)
paragraphs [0033], [0038]
figures 1, 4
A DE 37 43 092 Al (SIG SCHWEIZ INDUSTRIEGES 1,16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/021330
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2004031182 Al 19-02-2004 AU 2003265458 Al 03-03-2004
CA 2495379 Al 26-02-2004
CN 1703608 A 30-11-2005
EP 1535019 A2 01-06-2005
US 2004031182 Al 19-02-2004
WO 2004017010 A2 26-02-2004

US 5827992 A 27-10-1998 AU 3212597 A 07-01-1998
CA 2257620 Al 24-12-1997
EP 0906552 Al 07-04-1999
IL 127629 A 12-01-2003
US 5726377 A 10-03-1998
US 5827992 A 27-10-1998
WO 9748958 Al 24-12-1997

US 1379989 A 31-05-1921  NONE

US 2008028662 Al 07-02-2008  NONE

DE 3743092 Al 07-07-1988 AT 401311 B 26-08-1996
CH 672022 A5 13-10-1989
DE 3743092 Al 07-07-1988

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - wo-search-report
	Page 123 - wo-search-report
	Page 124 - wo-search-report

