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Description

TECHNICAL FIELD

[0001] The present invention relates generally to fire-
arms. The present invention relates more particularly, for
example, to methods and systems for increasing the du-
rability and reliability of a firearm, such as to better sup-
port sustained fully automatic fire.

BACKGROUND

[0002] Gas operated firearms are well known. Gas op-
erated firearms use some of the gas from a cartridge
being fired to extract the spent case of the cartridge and
to chamber a new cartridge. The gas travels from a port
in the barrel to a gas cylinder where the gas pushes a
piston within the gas cylinder to operate a mechanism
for extracting the spent case and for chambering the new
cartridge. In some firearms, such as the M16 and the M4,
the gas cylinder is formed in the bolt carrier and the piston
is part of the bolt. In such firearms, gas is provided from
the barrel to the gas cylinder by a gas tube.
[0003] In other firearms, such as the HK416, a sepa-
rate (not part of the bolt) piston is used. The piston is
disposed in a gas cylinder that is not part of the bolt car-
rier. This separate piston applies force through a tappet
or operating rod and a bolt carrier to operate the mech-
anism for extracting the spent case and for chambering
the new cartridge.
[0004] Whether or not the piston is part of the bolt, it
is desirable to prevent gas leakage between the piston
and the cylinder. Contemporary gas operated firearms
commonly use a plurality of piston rings which fit into a
groove of the piston and provide a gas seal between the
piston and the cylinder to mitigate gas leakage. For ex-
ample, the M16, M4, and HK416 use three rings. Each
of the rings is a split ring that has a gap formed therein
to facilitate installation of the ring and to apply an outward
spring force that tends to seal the loose fit between the
piston and the cylinder.
[0005] Contemporary rings possess inherent deficien-
cies which detract from their overall effectiveness and
desirability. For example, the gaps of the three rings oc-
casionally line up in a manner that allows hot gasses to
flow readily through the gaps and thereby undesirably
bypass the rings. Contemporary gas tubes also possess
inherent deficiencies which detract from their effective-
ness and desirability. For example, contemporary gas
tubes can overheat and lose strength, particularly during
sustained fully automatic fire of the firearm.
[0006] The higher level of heat associated with sus-
tained fully automatic fire can result in undesirable ther-
mal expansion of the gas tube both radially and longitu-
dinally. Such thermal expansion can be substantially be-
yond an amount accommodated by the available space
in the firearm. Such thermal expansion can result in slid-
ing/clearance fits becoming interference fits. That is, a

sliding fit can undesirably become a non-sliding fit. When
the gas tube heats up excessively, the weakened and
expanded gas tube can bend and be damaged, thus
causing the firearm to become inoperative. As such, it is
desirable to provide methods and systems for mitigating
overheating in gas operated firearms.
[0007] Forward and rearward bouncing of the bolt car-
rier can cause the cyclic rate of a firearm to increase
substantially. This increase in the cyclic rate can reduce
the reliability of the firearm and can increase wear on the
firearm, as discussed herein. As such, it is desirable to
provide methods and systems for mitigating both forward
and rearward bouncing of the bolt carrier.
[0008] The gas port of a contemporary M16/M4 firearm
is subject to erosion caused by bullet scrubbing and pro-
pellant bombardment. Such erosion results in enlarge-
ment of the gas port and consequently an undesirable
increase in the cyclic rate of the firearm over time. This
undesirable increase in the cyclic rate can eventually re-
sult in malfunction and damage to the firearm. As such,
it is desirable to provide for the metering of gas in a man-
ner that does not result in an increased cyclic rate over
time.
[0009] US 1 431 059 describes a gas controlling at-
tachment for a gas operated gun, for controlling the rel-
ative amount of powder gases delivered from the bore
of the gun to the motor piston.

BRIEF SUMMARY

[0010] According to the invention, a device having the
features of claim 1 and a method having the features of
claim 15 are provided.
[0011] Preferred features are specified in the depend-
ent claims.
[0012] In accordance with embodiments further de-
scribed herein, methods and systems are provided for
enhancing the reliability of a gas operated firearm, such
as a fully automatic gas operated firearm. For example,
the gas port of a firearm can be moved forward along the
barrel so as to delay the time at which gas acts upon the
bolt of the firearm after a cartridge is fired and so as to
reduce the pressure of the gas. In this manner, the cyclic
rate of the firearm can be reduced and the reliability of
the firearm can be enhanced.
[0013] According to an embodiment, a device can com-
prise a front sight block for a firearm, a rear band and a
front band for attaching the sight block to a barrel of the
firearm, and a gas passage formed in either band for
facilitating gas flow from the barrel to a gas tube of the
firearm. The gas passage can be substantially more for-
ward along the barrel where gas pressure is substantially
lower than it would be if formed in the rear band.
[0014] According to an embodiment, a firearm can
comprise a barrel having a gas port, a gas tube and a
front sight block for a firearm. The front sight block can
have a rear band and a front band for attaching the sight
block to the barrel. A gas passage can be formed in the
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rear band for the long barrel of a rifle and in the front band
for the short barrel of a carbine to more nearly match the
same operating gas pressure in both firearms.
[0015] According to an embodiment, a method for mak-
ing a firearm can comprise forming a gas passage in a
front band of a front sight block and forming a gas port
in a barrel. The front sight block can be attached to the
barrel such that the gas passage is substantially aligned
with respec5t to the gas port.
[0016] According to an embodiment, a method for op-
erating a firearm can comprise flowing gas from a barrel
of the firearm through a front band of a front sight block
and to a gas tube. In this manner, the reliability of the
firearm can be substantially enhanced.
[0017] According to an embodiment, a gas regulator
block can be configured to mount to a barrel of a firearm.
A gas regulator can be disposed substantially within the
gas regulator block and can be configured to adjustably
vary an amount of gas flow through the gas regulator
block. A cover can be configured to cover a portion of
the gas regulator block to inhibit inadvertent excessive
adjustment of the amount of gas flow and can be config-
ured to uncover the gas regulator screw so it can be re-
moved from the gas regulator block. A gas passage can
be formed in the gas regulator block and the gas passage
can be configured to communicate gas from the barrel
to the gas regulator.
[0018] According to an embodiment, a system can
comprise a firearm having a barrel with a gas port formed
therein. A gas regulator block can be mounted to the
barrel. A gas regulator can be disposed substantially
within the gas regulator block and can be configured to
vary an amount of gas flow through the gas regulator
block. A cover can be configured to cover a portion of
the gas regulator block to inhibit excessive adjustment
of the amount of gas flow and can be configured to un-
cover the portion of the gas regulator block to facilitate
removal of the gas regulator screw. A gas passage can
be formed in the gas regulator block. The gas passage
can be configured to communicate gas from the gas pas-
sage to the gas regulator.
[0019] According to an embodiment, a method can
comprise rotating a cover attached to a gas regulator
block of a firearm to substantially expose an adjustment
screw. The method can further comprise turning the ad-
justment screw to vary an amount of gas used to cycle
the firearm. A spring can urge a plunger into troughs of
the adjustment screw to index the adjustment screw as
the adjustment screw is turned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 is a perspective view of a bolt showing keyed
piston rings exploded therefrom, according to an em-
bodiment;

Figure 2 is an enlarged side view of a piston of Figure
1 having one keyed piston ring installed thereon and
one keyed piston ring partially installed thereon, ac-
cording to an embodiment;

Figure 3 is an enlarged perspective view of the piston
of Figure 1 having two keyed piston rings installed
thereon, according to an embodiment;

Figure 4 is a perspective view of a piston showing
keyed piston rings exploded therefrom, according to
an embodiment;

Figure 5 is an enlarged side view of the piston of
Figure 4 having one keyed piston ring installed ther-
eon and one keyed piston ring partially installed ther-
eon, according to an embodiment;

Figure 6 is an enlarged perspective view of the piston
of Figure 4 having two keyed piston rings installed
thereon, according to an embodiment;

Figure 7 is a perspective view of a firearm having
the bolt of Figure 1, according to an embodiment;

Figure 8 is a perspective view of a firearm having
the piston of Figure 4, according to an embodiment;

Figure 9 is a heat dissipating gas tube for a firearm,
according to an embodiment;

Figure 10 is a cross-sectional view of a firearm hav-
ing the heat dissipating gas tube and a gas metering
plug, according to an embodiment;

Figure 11 is an enlarged cross-sectional side view
of the rear end of the gas tube and a bolt carrier key
that receives the rear end of the gas tube, according
to an embodiment; and

Figure 12 is a flow chart showing a method for mak-
ing a firearm having a heat dissipating gas tube, ac-
cording to an embodiment.

Figure 13 is a top view of a bolt carrier having an
anti-bounce assembly, according to an embodiment.

Figure 14 is a side view of the bolt carrier of Figure
13, according to an embodiment.

Figure 15 is an enlarged side view of the anti-bounce
assembly of Figure 13 showing a double anti-bounce
weight in a zero or non-impact position, according
to an embodiment.

Figure 16 is an enlarged side view of the anti-bounce
assembly of Figure 13 showing the double anti-
bounce weight in a rearward impact position, accord-
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ing to an embodiment.

Figure 17 is an enlarged side view of the anti-bounce
assembly of Figure 13 showing the double anti-
bounce weight in a forward impact position, accord-
ing to an embodiment.

Figure 18 is an exploded view of the bolt carrier of
Figure 13, according to an embodiment.

Figure 19 is a top exploded view of the plungers,
springs, and double anti-bounce weight of Figure 18,
according to an embodiment.

Figure 20 is a perspective exploded view of the
plungers, springs, and double anti-bounce weight of
Figure 18, according to an embodiment.

Figure 21 is a top assemble view of the plungers,
springs, and double anti-bounce weight of Figure 18,
according to an embodiment.

Figure 22 is a perspective assembled view of the
plungers, springs, and double anti-bounce weight of
Figure 18, according to an embodiment.

Figure 23 is a perspective view of a modified bolt
carrier, according to an embodiment.

Figure 24 is an end view of the modified bolt carrier
of Figure 23, according to an embodiment.

Figure 25 is a side view of an anvil of Figure 23,
according to an embodiment.

Figure 26 is an end view of the modified bolt carrier
of Figure 23 showing an impact area and a bearing
area, according to an embodiment.

Figure 27 is an end view of the modified bolt carrier
of Figure 23 showing a plunger, according to an em-
bodiment.

Figure 28 includes various views of an anti-bounce
assembly, according to an embodiment.

Figure 29 includes various views of a double anti-
bounce weight, according to an embodiment.

Figure 30 includes various views of a plunger, ac-
cording to an embodiment.

Figure 31 includes various views of an anvil, accord-
ing to an embodiment.

Figure 32 includes various views showing a bolt car-
rier modification, according to an embodiment.

Figure 33 includes various views showing a bolt car-
rier modification, according to an embodiment.

Figure 34 includes various views showing a carrier
key, according to an embodiment.

Figure 35 shows the front sight block and gas tube
of a contemporary firearm, i.e., an M4 carbine.

Figure 36 shows a metering plug installed in a front
sight block having the gas port in the standard loca-
tion and showing the use of a thick wall gas tube,
according to an embodiment.

Figure 37 shows a metering plug installed in a front
sight block having the gas port moved to a forward
location and showing the use of a thick wall gas tube,
according to an embodiment.

Figure 38 shows a metering plug installed in a front
sight block having the gas port moved to a forward
location (with an enlarged view of the installed me-
tering plug) and showing the use of a thick wall gas
tube, according to an embodiment.

Figure 39 shows a metering plug installed in a front
sight block having the gas port moved to a forward
location (with an enlarged view of the uninstalled me-
tering plug and gas tube) and showing the use of a
thick wall gas tube, according to an embodiment.

Figure 40 shows a firearm barrel having a gas reg-
ulator installed thereon, according to an embodi-
ment.

Figure 41 shows an enlarged view of the gas regu-
lator of Figure 40, according to an embodiment.

Figure 42 shows a cross-sectional view of the gas
regulator of Figure 40, according to an embodiment.

Figure 43 shows a cut away view of the gas regulator
of Figure 40, according to an embodiment.

Figure 44 shows a partial cross-sectional view of the
gas regulator of Figure 40, according to an embod-
iment.

Figure 45 shows a partial cross-sectional view of the
gas regulator of Figure 40, and shows use of a gas
flow and sight adjustment tool, according to an em-
bodiment.

Figure 46 shows the gas regulator of Figure 40 with
the cover rotated, according to an embodiment.

Figure 47 shows a partial cross-sectional view of the
gas regulator of Figure 40, according to an embod-
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iment.

Figure 48 shows a partial cross-sectional view of the
gas regulator of Figure 40, according to an embod-
iment.

Figure 49 includes various views of the gas regulator
mounted on the barrel, according to an embodiment.

Figure 50 includes various views of the gas regulator,
according to an embodiment.

Figure 51 includes various views of the cover, ac-
cording to an embodiment.

Figure 52 includes various views of the adjustment
screw, according to an embodiment.

[0021] Embodiments of the present invention and their
advantages are best understood by referring to the de-
tailed description that follows. It should be appreciated
that like reference numerals are used to identify like el-
ements illustrated in one or more of the figures.

DETAILED DESCRIPTION

[0022] As examples, methods and systems for inhibit-
ing undesirable gas leakage and/or heat build up in a gas
operated firearm are disclosed. For example, a pair of
rings can be configured to interlock with respect to one
another such that the rings rotate within a groove of a
piston of a gas system of a firearm. Since the rings rotate
in unison, they do not align in a manner that readily fa-
cilitates undesirably increased gas flow past the piston.
Such rings can generally be used with both M16/M4 and
HK416 types of firearms.
[0023] As a further example, a gas tube that better tol-
erates the heat associated with sustained fully automatic
fire of a firearm is disclosed. The gas tube is less prone
to overheating and better accommodates thermal expan-
sion. Thus, the firearm cycles and fires more uniformly
and is more reliable. Such a gas tube can generally be
used with M16/M4 types of firearms and generally cannot
be used with HK416 types of firearms since HK416 types
of firearms use a substantially different gas system.
[0024] As a further example, methods and systems are
provided for inhibiting undesirable forward and rearward
bouncing of a bolt carrier of a gas operated firearm, such
as a fully automatic gas operated firearm. An anti-bounce
assembly can mitigate undesirable speeding up of the
cyclic rate of a firearm due to gas port erosion and can
thus reduce wear and increase the reliability of the fire-
arm.
[0025] According to an embodiment, the beginning of
the gas passage and the barrel gas port can be positioned
in the forward ring of a two ring gas regulator block. For-
ward positioning of the barrel gas port allows a central
positioning of the gas regulator screw, surrounding it, and

the gas passageway between the gas port and screw
with an increased amount of material that is the gas reg-
ulator block and the increased amount of material acts
as a heat sink, absorbing heat that might otherwise dam-
age the device.
[0026] According to an embodiment, an adjusting
screw can comprise a stem and threads. At least one
cutting groove can be formed at an inward end of the
threads where the threads join the stem such that the
cutting grooves are configured to remove, cut, and/or
break up any carbon deposits that may have accumulat-
ed in a cavity between an end of the threads and the
stem hole in the gas regulator block or in tube configured
to extend from the gas regulator block to a bolt carrier
assembly of the firearm, such cutting occurring when the
screw is adjusted for removal.
[0027] Examples of embodiments of keyed gas piston
rings and pistons/bolts are discussed in detail below. Ex-
amples that are suitable for use with the M16/M4 rifle are
discussed with reference to Figures 1-3 and 7. Examples
that are suitable for use with the HK416 rifle are dis-
cussed with reference to Figures 4-6 and 8. Examples
of embodiments of more heat tolerant and/or heat dissi-
pating gas tubes are also discussed in detail below. Ex-
amples of such enhanced gas tubes are discussed with
reference to Figures 9-12.
[0028] The gas piston of the M16 or M4 is an integrated
part of the bolt and a gas cylinder is formed in the bolt
carrier. The gas cylinder, i.e., the bolt carrier, moves with
respect to the gas piston. Figures 1-3 show a system for
inhibiting undesirable gas flow around such a piston and
are discussed in detail below.
[0029] Figure 1 is a perspective view of a bolt 100 of
a gas operated firearm 700 (see Figure 7), according to
an embodiment. The bolt 100 can be a bolt of an M16
rifle, for example. The bolt 100 can have a piston 101
formed thereon. A groove 102 can be formed circumfer-
entially around the piston 101. A pair of rings 105 are
shown exploded from the bolt 100. The rings 105 can
comprise a first ring 105a and a second ring 105b. The
rings 105 can be configured to be received at least par-
tially within the groove 102 of the piston 101 of the gas
operated firearm 700.
[0030] A key 108 can be formed upon each of the rings
105. The key 108 can extend generally perpendicularly
with respect to a plane of the rings 105. The key 108 can
have a generally rectangular cross-section when taken
in either of two generally orthogonal planes.
[0031] A gap 107 can be formed in each of the rings
105. The gap 107 of each one of the rings 105 can be
configured to receive at least a portion of the key 108 of
another one of the rings 105. The gap 107 can have a
generally rectangular cross-section when taken in either
of two generally orthogonal planes. Thus, a pair of the
rings 105 can be configured to interlock with one another
such that the two rings 105 can rotate, but can only rotate
substantially in unison with respect to one another.
[0032] In an embodiment, the key 108 and the gap 107
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of each ring 105 can be formed such that a pair of the
rings 105 are nestable with the key 108 of each of the
rings 105 being disposed within the gap 107 of each other
of the rings 105 while the rings 105 are substantially flush
with respect to one another. The nesting of the rings 105
interlocks the rings 105 such that the rings 105 rotate in
unison.
[0033] In an embodiment, the gaps 107 of the two rings
105 can be diametrically opposed with respect to one
another when the rings 105 are interlocked. Since the
two rings 105 rotate substantially in unison, the gaps 107
do not align in a fashion that facilitates increased gas
flow past the rings 105.
[0034] In an embodiment, the rings 105 can be formed
of stainless steel. For example, the rings 105 can be
formed of 17-4 stainless steel. Various other materials,
including refractory materials such as ceramics, are con-
templated.
[0035] In an embodiment, the groove 102 can be sub-
stantially rectangular in cross-section. In such an embod-
iment, the rings 105 can also be substantially rectangular
in cross-section and thus can be generally complemen-
tary in size and shape with respect to the groove 102.
[0036] Figure 2 is an enlarged side view of the piston
101 having one ring 105a fully installed thereon and hav-
ing one ring 105b partially installed thereon, according
to an embodiment. The rings 105 can be temporarily bent
or spring deformed in order to slide over the piston 101
and into the groove 102. The key 108 of the second ring
105b is positioned to be received at least partially within
the gap 107 of the first ring 105a.
[0037] Figure 3 is an enlarged perspective view of the
piston 101 having two rings 105 installed thereon, ac-
cording to an embodiment. The two rings 105 are seated
within the groove 102. The key 108 of the second ring
105b is disposed at least partially within the gap 107 of
the first ring 105a and the key 108 of the first ring 105a
is disposed at least partially within the gap 107 of the
second ring 105b.
[0038] A piston 400 of an HK416 is disposed in a gas
cylinder 801 of the firearm 800. Figures 4-6 show a sys-
tem for inhibiting undesirable gas flow around the piston
400 and are discussed in detail below.
[0039] Figure 4 is a perspective view of the piston 400
of a gas operated firearm 800 (see Figure 8), according
to an embodiment. The piston 400 can be a piston of an
HK416 rifle, for example. A groove 402 can be formed
circumferentially around the piston 400. A pair of rings
405 are shown exploded from the piston 400. The rings
405 can comprise a first ring 405a and a second ring
405b. The rings 405 can be configured to be received at
least partially within the groove 402.
[0040] A key 408 can be formed upon each of the rings
405. The key 408 can extend generally perpendicularly
with respect to a plane of the rings 405. The key 408 can
have a generally rectangular cross-section when taken
in either of two generally orthogonal planes.
[0041] A gap 407 can be formed in each of the rings

405. The gap 407 of each one of the rings 405 can be
configured to receive at least a portion of the key 408 of
another one of the rings 405. The gap 407 can have a
generally rectangular cross-section when taken in either
of two generally orthogonal planes. Thus, a pair of the
rings 405 can be configured to interlock with one another
such that the two rings 405 can rotate, but can only rotate
substantially in unison with respect to one another.
[0042] In an embodiment, the key 408 and the gap 407
of each ring 405 can be formed such that a pair of the
rings 405 are nestable with the key 408 of each of the
rings 405 being disposed at least partially within the gap
407 of each other of the rings 405 while the rings 405 are
substantially flush with respect to one another. The nest-
ing of the rings 405 interlocks the rings 405 such that the
rings 405 rotate in unison.
[0043] In an embodiment, the gaps 407 of the two rings
405 can be diametrically opposed with respect to one
another when the rings 405 are interlocked. Since the
two rings 405 rotate substantially in unison, the gaps 407
do not align in a fashion that facilitates increased gas
flow past the rings 405.
[0044] In an embodiment, the rings 405 can be formed
of stainless steel. For example, the rings 405 can be
formed of 17-4 stainless steel. Various other materials,
including refractory materials such as ceramics, are con-
templated.
[0045] In an embodiment, the groove 402 can be sub-
stantially rectangular in cross-section. In such an embod-
iment, the rings 405 can also be substantially rectangular
in cross-section and thus can be generally complemen-
tary in size and shape with respect to the groove 402.
[0046] Figure 5 is an enlarged side view of the piston
400 having one ring 405a fully installed thereon and hav-
ing one ring 405b partially installed thereon, according
to an embodiment. The rings 405 can be temporarily bent
or spring deformed in order to slide over the piston 400
and into the groove 402. The key 408 of the second ring
405b is positioned to be received at least partially within
the gap 407 of the first ring 405a.
[0047] Figure 6 is an enlarged perspective view of the
piston 400 having two rings 405 installed thereon, ac-
cording to an embodiment. The two rings 405 are seated
within the groove 402. The key 408 of the second ring
405b is disposed at least partially within the gap 407 of
the first ring 405a.
[0048] According to various embodiments, a device
can comprise a first ring 105a, 405a configured to be at
least partially received within a groove 102, 402 of a pis-
ton 101, 400 of a gas operated firearm 700, 800. A second
ring 105b, 405b can be configured to be at least partially
received within the groove 102, 402. The first ring 105a,
405a and second ring 105b, 405b can be configured to
interlock with one another such that the first ring 105a,
405a and second ring 105b, 405b rotate substantially in
unison within the groove 102, 402. Various means for
effecting such interlocking are contemplated. The use of
a key 108, 408 and a gap 107, 407 as discussed herein
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are by way of example only, and not by way of limitation.
[0049] Any desired number of rings 105, 405 and any
desired number of grooves 102, 402 in the piston 101,
400 may be used. For example, two grooves 102, 402,
each having two rings 105, 405 or three rings 105, 405
apiece may be used. Thus, various embodiments may
comprise 2, 3, 4, 5, 6, or more rings 105, 405.
[0050] In various embodiments, the gaps 107, 407 can
be partial gaps that do not extend entirely though the
rings 105, 405. For example, the gaps 107, 407 can be
sufficiently sized to receive at least a portion of the keys
108, 408 while not forming a separation in the rings 105,
405. Thus, the gaps 107, 407 may be depressions, in-
dentations, or cutouts, for example. Any desired number
and configuration of the gaps 107, 407 and the keys 108,
408 can be used. The gaps 107, 407 and the keys 108,
408 can be generally complementary with respect to one
another. The gaps 107, 407 and the keys 108, 408 can
be non-complementary with respect to one another.
[0051] The piston rings 105, 405 need not be received
within a groove 102, 402 of the piston 101, 400. Rather,
the piston rings 105, 405 can be placed upon the piston
101, 400 and can be held in position by any means or
structure desired. The piston rings 105, 405 can cooper-
ate with the piston 101, 400 to mitigate gas leakage past
the piston 101, 400.
[0052] Figure 7 is a perspective view of a firearm 700
having the piston 101 (see Figure 1) formed on a bolt
100, according to an embodiment. The firearm 700 can
be an M16 or an M4, for example. The firearm 700 can
have one or more pairs of rings 105 disposed about the
piston 101 thereof to mitigate gas leakage past the piston
101, as discussed herein.
[0053] Figure 8 is a perspective view of a firearm 800
having the piston 400 (see Figure 4), according to an
embodiment. The firearm 800 can be an HK416, for ex-
ample. The firearm 800 can have one or more pairs of
rings 405 disposed about the piston 400 thereof to miti-
gate gas leakage past the piston 400, as discussed here-
in.
[0054] In operation, a shooter fires the firearm 700, 800
and hot, high pressure gas is provided by the cartridge.
For an M16 or M4 type of rifle, the gas travels through a
front sight 750 to the gas tube 705, then through the gas
tube 705 and a bolt carrier key 752 to the bolt carrier 702,
where the gas moves the bolt carrier 702, and conse-
quently the bolt 100, so as to effect extraction of the spent
cartridge and chambering of a new cartridge. The bolt
100 is disposed within a cylinder 701 formed in the bolt
carrier 702. For an HK416 type of rifle, the gas moves
the piston 400 within the gas cylinder 801 so as to move
a tappet or operating rod 802 to effect extraction of a
spent cartridge and chambering of a new cartridge.
[0055] In either instance, the use of rings 105, 405 hav-
ing gaps 107, 407 and keys 108, 408 that facilitate nesting
or interlocking of the rings 105, 405 substantially miti-
gates undesirable gas flow past the piston 101, 400. The
nested or interlocked rings 105, 405 provide increased

resistance to such gas flow by preventing the gaps 107,
407 from aligning with respect to one another. For exam-
ple, gas can be substantially forced to follow a longer and
more contorted path under the rings 105, 405 from which
the gas reemerges to flow past the piston 101, 400. This
longer and more contorted path around four corners sub-
stantially inhibits such gas flow and consequently inhibits
gas leakage past the piston 101, 400.
[0056] Firearms 700 that have the piston 101 formed
on the bolt 100 thereof can be referred to herein as
M16/M4’s, or M16/M4 types of firearms, or members of
an M16/M4 family of firearms. Firearms 800 that do not
have the piston 101 formed on the bolt 100 thereof can
be referred to herein as HK416’s, HK416 types of fire-
arms, or members of an HK416 family of firearms.
[0057] Thus, according to one or more embodiments,
two rings can be nested such that undesirable gas leak-
age past the piston is substantially inhibited. In this man-
ner, damage to the rings can be substantially mitigated
and fouling of components of the firearm, such as within
the receiver thereof, can be substantially mitigated. By
inhibiting gas leakage past the piston, reliability of the
firearm is substantially enhanced and operation of the
firearm is made more uniform.
[0058] Some gas operated firearms use a contempo-
rary gas tube to deliver high pressure, very hot, gas to
the piston 101 formed upon the bolt 100, as discussed
herein. The M16 and the M4 are examples of firearms
700 that deliver gas to the piston 101 formed upon the
bolt 100 via a contemporary gas tube. When the firearm
700 is shot repeatedly over an extended length of time,
such as during extended fully automatic fire using a plu-
rality of high capacity magazines, the contemporary gas
tube can heat up. In such instances, the temperature of
the contemporary gas tube can be excessive and thus
undesirable damage to the contemporary gas tube can
result. When the gas tube heats up, the length and/or
diameter of the gas tube can increase substantially due
to thermal expansion. Such thermal expansion can inter-
rupt the firing cycle of the firearm and thus result in the
firearm becoming inoperative. As such, it is desirable to
provide methods and systems for mitigating heat build
up and for accommodating thermal expansion of gas
tubes in gas operated firearms.
[0059] A heat dissipating gas tube 705 can have en-
hanced heat dissipation such that during extended fully
automatic fire the gas tube 705 can remain at a sufficient-
ly low temperature as to not incur substantial damage.
An example of such a gas tube 705 is discussed below
with reference to Figures 9-12, according to one or more
embodiments.
[0060] According to one or more embodiments, a gas
tube 705 provides enhanced heat dissipation and/or en-
hanced heat accommodation, as discussed with refer-
ence to Figures 9-12. The enhanced heat dissipation
tends to inhibit overheating of the gas tube 705. The en-
hanced heat accommodation tends to allow the gas tube
705 to continue to function properly when heated, par-
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ticularly when heated by sustained fully automatic fire.
[0061] Figure 9 is the gas tube 705 for an M16 and/or
M4 type of firearm 700, according to an embodiment.
The gas tube 705 can have a heat dissipater formed ther-
eon. For example, the gas tube 705 can have threads
707 formed upon a substantial portion of the length of
the gas tube 705.
[0062] Other examples of heat dissipaters can include
fins, fingers, and any other structures that tend to in-
crease the surface area of the gas tube 705 and thus
enhance radiation of heat from the gas tube 705. A plu-
rality of spaced apart annular fins can substantially en-
circle the gas tube 705, for example. A plurality of longi-
tudinal fins can extend along a length of the gas tube
705, for example. A spiral fin can extend around a length
of the gas tube 705, for example.
[0063] The outer diameter and/or the inner diameter
of the gas tube 705 can be increased to enhance the
ability of the gas tube 705 to operate under extended fully
automatic fire. For example, in one embodiment, the out-
er diameter of the gas tube 705 or a portion of the gas
tube 705 can be increased from the standard 0.180 inch
to approximately 0.218 inch.
[0064] According to an embodiment, the threads 707
can be 1/4-32 UNEF (Unified National Extra Fine)
threads, for example. Various other types of the threads
707 are contemplated. More than one type of the threads
707 can be used. Any desired combination of the threads
707 or types of the threads 707 can be used. In one em-
bodiment, the threads 707 can extend along a portion of
the length of the gas tube 705. For example, the threads
707 can extend along a portion of the gas tube 705 that
is away from ends, 721 and 722, of the gas tube 705.
Thus, the ends 721 and 722 of the gas tube 705 can have
no threads 707 formed thereon. In one embodiment, the
threads 707 can extend along the entire gas tube 705.
[0065] The threads 707 need not be conventional
threads. The threads 707 need not be any type of stand-
ard threads, e.g., threads made according to an accepted
standard. The threads 707 can be formed with a die. The
threads 707 can be formed by machining. The threads
707 can be formed by any desired method.
[0066] The threads 707 can be integral with the gas
tube 705. The threads 707 can be formed separately from
the gas tube 705 and/or can be attached to the tube 705.
The threads 707 can be formed of either the same ma-
terial as the gas tube 705 or can be formed of a different
material with respect to the gas tube 705.
[0067] In one embodiment, the threads 707 can be
solely for heat dissipation. In one embodiment, the
threads 707 can have another use other than heat dissi-
pation. For example, the threads 707 can be used to
mount the gas tube 705 to the firearm 700. Thus, at least
one end of the gas tube 705 can screw into a threaded
opening on the firearm 700.
[0068] The gas tube 705 can be configured to attach
to a contemporary firearm 700. For example, the gas
tube 705 can have a first bend 711 and a second bend

712 formed therein to facilitate mounting of the gas tube
705 to a contemporary firearm 700. The first bend 711
and a second bend 712 can align the forward end and
the rearward end of the gas tube 705 with their respective
connections to the firearm 700. A bead 725 can be formed
on the reward end of the tube 705 to facilitate a desired
fit into the bolt carrier key 752 (Figures 10 and 11) of the
firearm 700.
[0069] In one embodiment, the gas tube 705 can be
formed of stainless steel. For example, the gas tube 705
can be formed of 347 stainless steel. In one embodiment,
the gas tube 705 can be formed of a refractory material,
such as a ceramic material.
[0070] The gas tube 705, and more particularly the
threads 707, can have any desired finish. For example,
various textures, coatings, and treatments that enhance
heat dissipation are contemplated.
[0071] Figure 10 is a cross-sectional side view of a
firearm 700 having the gas tube 705, according to an
embodiment. The gas tube 705 and/or the rings 105 (see
Figures 1-3) can be provided as a kit for upgrading con-
temporary firearms such as the M16 and M4. Thus, the
gas tube 705 and the rings 105 can be provided and
installed together. Such upgrading can be performed in
the field, at an armory, or at a maintenance depot. The
gas tube 705 and/or the rings 105 can be changed to-
gether. Either the gas tube 705 or the rings 105 can be
changed alone (without changing the other). Thus, the
gas tube 705 and the rings 105 can be changed or used
independently with respect to one another.
[0072] In operation, a shooter fires the firearm 700, 800
and hot, high pressure gas is provided by the cartridge.
For an M16 or M4 type of rifle, the gas travels through a
front sight 750 to the gas tube 705, then through the gas
tube 705 and the bolt carrier key 752 to the bolt carrier
702, where the gas moves the bolt carrier 702, and con-
sequently the bolt 100, so as to effect extraction of the
spent cartridge and chambering of a new cartridge. The
bolt 100 is disposed within a cylinder 701 formed in the
bolt carrier 702. During sustained fully automatic fire, the
gas tube 705 is exposed to a substantial quantity of hot
gases from the fired cartridges. According to an embod-
iment, the threads 707 provide increase surface area for
radiating this heat so that the temperature of the gas tube
705 can be maintained within an acceptable range.
[0073] As the gas tube 705 heats ups, it expands both
in length and diameter. According to an embodiment, the
length, Dimension M, of the gas tube is sufficiently short
so as to accommodate thermal expansion of the gas tube
705 in length without causing the firearm 700 to malfunc-
tion. According to an embodiment, the diameter, Dimen-
sion N, of the gas tube 705 is sufficiently small so as to
accommodate thermal expansion of the gas tube 705 in
diameter, particularly at the bolt carrier key 752 interface
thereof, without causing the firearm 700 to malfunction.
[0074] Contemporary M16/M4 firearms have a gas
tube 705 with a plug at the front end of the gas tube 705.
However, the plug of contemporary M16/M4 firearms
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does not substantially restrict gas flow. Contemporary
M16/M4 firearms rely upon the gas port 1003 formed in
the barrel to perform a gas metering function. The gas
port 1003 is subject to erosion and thus suffers from sub-
stantial disadvantages with regard to this metering func-
tion.
[0075] More particularly, the M16 and M4 use the gas
port 1003 diameter as the means to control the amount
of gas flow. However, the forward corner of the gas port
1003 intersection with barrel bore is eroded from its orig-
inal sharp corner into an enlarging triangle by the scrub-
bing of each passing bullet and the bombardment of pro-
pellant grains. This erosion of the gas port 1003 causes
the gas flow therethrough to increase over time. As the
gas flow increases, the gun cycle speeds up, undesirably
resulting in feed jams, extraction failures, and/or carrier
bounce. Misfires begin and grow worse over time until
the gun cripples itself from excessively worn and/or bro-
ken parts.
[0076] To mitigate the undesirable effects of gas port
erosion, a gas metering plug 1001 can be installed in the
front end of the gas tube 705. The gas metering plug
1001 can have a gas metering hole 1002 that the gas
from the barrel must flow through before entering the gas
tube 705. According to an embodiment, the gas metering
hole 1002 is out of reach of bullet scrubbing and the im-
pact of propellant grains. The gas metering plug 1001
can be made of a heat resistant material, so that it re-
mains substantially unchanged by any amount of firing.
According to an embodiment, the gas metering hole 1002
is always smaller than the hole of the gas port 1003 (such
that the gas metering hole 1002 always performs a gas
metering function).
[0077] Thus, although the gas port 1003 continues to
erode so that the gas flow that reaches the metering hole
1002 continues to increase in pressure, the gas metering
hole 1002 meters the gas and thus mitigates the unde-
sirable effects of gas port erosion so as to the extend the
useful life of the gun.
[0078] Figure 11 is an enlarged cross-sectional side
view of a forward end of the bolt carrier key 752 of Figure
10. The rearward end or bead 725 of the gas tube 705
is received within the bolt carrier key 752. When a con-
temporary gas tube expands in length, such as due to
the heat of sustained fully automatic fire, it may bottom
out or interfere within the bolt carrier key 752, such that
the gas tube bends undesirably due to such expansion.
Such bottoming out and/or bending can inhibit uniform
cycling or otherwise prevent desired operation of the fire-
arm 700.
[0079] According to an embodiment, the gas tube 705
can be shorter in length, Dimension M of Figure 9, such
that additional or desirable clearance, Dimension T, is
provided between the bead 725 and any portions of the
bolt carrier key 752 that the bead 725 can bottom out or
interfere with during such expansion. Thus, the likelihood
of such bottoming out or interference is substantially mit-
igated.

[0080] According to an embodiment, the bead 725 can
have a reduced diameter, Dimension N of Figure 9, such
that expansion of the diameter thereof is less likely to
cause the bead 725 to interfere, bind and/or not move
freely within the bolt carrier key 752. Thus, undesirable
binding of the gas tube 705 within the bolt carrier key 752
can be substantially mitigated. Such binding can unde-
sirably increase the likelihood of the gas tube 705 bend-
ing and/or the firearm 700 malfunctioning.
[0081] According to an embodiment, the gas tube 705
can be shorter in length, Dimension M and the bead 725
can have a reduced diameter, Dimension N. Thus, un-
desirable interferences can be mitigated and uniformity
of cycling can be enhanced and a more reliable firearm
can be provided.
[0082] Figure 12 is a flow chart showing a method for
making a firearm 700 having the gas tube 705, according
to an embodiment. The method can comprise cutting a
piece of 1/4 OD x 0.065 wall, stainless steel tubing, for
example, to a desired length as shown in block 1101. For
example, the tubing can be cut to a length of approxi-
mately 9.668 inches. The tubing can be cut with a tubing
cutter or a saw, for example.
[0083] The method can further comprise forming
threads 707 upon the cut tubing, as indicated in block
1102. For example, 1/4-32 threads can be formed upon
a section of tubing having a diameter of approximately
0.250 inch. The threads 707 can be formed with a lathe
or with a die, for example.
[0084] The method can further comprise forming a first
bend 711 in the tubing, as indicated in block 1103. A
second bend 712 can be formed in the tubing, as indi-
cated in block 1104 to define the gas tube 705. The first
bend 711 and the second bend 712 can be formed con-
secutively or simultaneously. The first bend 711 and the
second bend 712 can be formed using a fixture, jig, or
tubing bend, for example.
[0085] The gas tube 705 can be installed in a firearm
700 as indicated in block 1105. For example, the gas
tube 705 can be installed in an M16 or an M4 type of
firearm 700. The bead 725 can be formed on the reward
end of the tube 705 to facilitate a desired fit into a gas
block interface of the firearm 700. The bead 725 can be
formed at any desired point in the fabrication process.
For example, the bead 725 can be formed either before
or after the threads 707 are formed.
[0086] Referring again to Figure 9, the gas tube 705
can comprise a gas tube retention hole 751 that is used
to pin (attach) the tube to the front sight 750. According
to an embodiment, the length, Dimension M, of the gas
tube 705 from the center of the gas tube retention hole
751 to the rear end of the gas tube 705 and/or the rear
end diameter, dimension N, of the bead 725 can be ap-
proximately the same as for a contemporary gas tube for
an M16 and/or M4. For example, Dimension M can be
approximately 9.600 inches for an M4 and can be ap-
proximately 14.98 inches for an M16. For example, Di-
mension N can be approximately 0.180 inch. Thus, in
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one or more embodiments the gas tube 705 can readily
replace the contemporary gas tube of an M16 and/or M4.
[0087] According to an embodiment, the length, Di-
mension M, and/or the rear end diameter, Dimension N,
of the bead 725 can be less than for a contemporary gas
tube for an M16 and/or M4. For example, Dimension M
can be less than 9.570 inches for an M4 and can be less
than 14.95 inches for an M16. For example, Dimension
N can be less than 0.1792 inch diameter. Thus, the gas
tube 705 can be approximately 0.100 inch shorter and
can have an outer diameter of approximately 0.001 inch
less at the rear end, i.e., the bead 725, as compared to
a standard gas tube for the same firearm. One or more
embodiments can fit within the bolt carrier key 752 of an
M16 and/or M4 and can readily replace contemporary
gas tubes. The shorter length, Dimension M, and the
smaller outer diameter, Dimension N, can better accom-
modate thermal expansion, such as can be caused by
using larger capacity magazines. Thus, the gas tube 705
can have further enhanced heat resistance.
[0088] According to an embodiment, the outer diame-
ter, Dimension Q, of a portion of the gas tube 705 at the
rear end thereof can be approximately 0.171 inch. The
diameter, Dimension P, of the gas tube 705 can be 0.186
inch.
[0089] The dimensions of the gas tube 705, as well as
the configuration thereof, including any bends therein,
can be whatever is necessary to fit a particular firearm.
More or less than two bends can be used. Thus, the gas
tube 705 can have any desired shape and configuration.
[0090] One or more embodiments can provide a re-
placement for contemporary gas tubes. Such embodi-
ments are less prone to overheating and less likely to
malfunction due to heat induced weakness and/or heat
induced thermal expansion, particularly during sustained
fully automatic fire of the firearm 700. Thus, the firearm
700 can cycle and fire more uniformly and can be sub-
stantially more reliable.
[0091] One or more embodiments can provide a re-
placement for contemporary gas tubes that can withstand
the heat of firing at least as well as other components of
the firearm. Thus, a failure or problem with the gas tube
will be substantially less likely to be the cause of a mal-
function of the firearm.
[0092] One or more embodiments can be used in var-
ious different gas operated rifles, carbines, pistols, and
the like. Although embodiments are discussed herein
with respect to the M16/M4 and HK416, such discussion
is by way of illustration only and not by way of limitation.
Various embodiments can be used with various gas op-
erated firearms, including rifles, carbines, and pistols.
[0093] As those skilled in the art will appreciate, the
M16 service rifle and the M4 carbine have a variety of
reliability shortcomings. According to various embodi-
ments, methods and systems are provided for inhibiting
undesirable forward and rearward bouncing of a bolt car-
rier of a gas operated firearm, such as an M16 and/or an
M4. These methods and systems can be used in combi-

nation with other methods and systems described herein
to mitigate at least some of these shortcomings. For ex-
ample, a drop in replacement kit can be provided to ad-
dress at least some of these shortcomings.
[0094] An often neglected problem in gas operated fire-
arms is gas port erosion. Gas port erosion causes the
gas port to become larger, which allows more gas to be
used and thus gradually speeds up the gun cycle. Speed-
ing up the gun cycle can cause feed jams, failures to
extract, and carrier bounce misfires. It can also increase
wear on the firearm and reduce accuracy during use of
the firearm.
[0095] The M4 carbine has more trouble with gas port
erosion than the M16 rifle, even though both of these
firearms use the same bolt carrier group. The M4’s gas
port location is closer to the chamber, where gas port
erosion is more aggressive. Because of gas port erosion,
the M4’s unlocking cam can begin to unlock too early in
the fires cycle and thus can cause the firearm’s bolt to
break at the lugs or cam pin hole. This typically does not
occur in the M16 rifle and typically does not occur in new
M4s. It generally only occurs in M4s that have fired
enough to substantially erode the gas port. In addition to
reliability problems, the resulting high rate of fire makes
the gun less controllable on full auto, wastes ammunition,
and intensifies heat problems.
[0096] Anticipating that 60-shot and perhaps even
100-shot magazines may soon replace the current stand-
ard 30-shot M16/M4 magazines, the consequent heat
problems associated with such increased capacity (and
the resulting extended rapid firing of the firearm) also
need to be addressed. The M4 gas tubes can soften and
bend (and thus become inoperable) in as few as four
100-shot bursts. The M16 gas piston rings can burn out
in as few as two 100-shot bursts. To mitigate such heat
problems, the piston rings and thick wall threaded gas
tube may be used, as discussed herein.
[0097] Figure 13 is a top view of a bolt carrier having
a longer dwell and an anti-bounce assembly, according
to an embodiment. To prevent broken bolts, a double cut
cam can have a 0.062 longer dwell 1301 (also shown in
Figures 18, 23, 28, 32, 33) than the standard cam, before
the unlocking cam surface 3301 (see Figure 33) begins
to rotate the bolt to its unlocked position. This longer dwell
at least partially compensates for the time differences
between the M16 unlocking start and the early start of
the M4 due to its rearward gas port location. The force
on the locking lugs causing them to bind is thus reduced
to the same resistance as in the M16 rifle, so that the
cause of broken bolts is substantially eliminated.
[0098] A single cut cam of the same new length with
0.062 longer dwell would have the same timing advan-
tage, but the double cut has two additional advantages.
The helix portion of the cam has wider clearance for dust
and dirt. Although the unlocking cam surface 3301
has .062 longer time dwell, the cam pin and bolt head
location on the locking side have the same starting loca-
tion as the original cam so that the bolt head overtravels
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beyond the bolt holdopen device by the same amount
giving the holdopen enough time to rise into position.
[0099] To mitigate the effect of gas port erosion and
higher rate of fire (excessive cycle speed) three compat-
ible but separate features can be used. First, the M16
and M4 use the gas port hole diameter as the means to
control the amount of gas flow, but the forward corner of
that gas port intersection with barrel bore can become
eroded from its original sharp corner into an enlarging
triangle caused by the scrubbing of each passing bullet
and the bombardment of propellant grains. As gas flow
increases, the gun cycle speeds up, feed jams, extraction
failure, misfires begin and grow steadily worse until the
gun cripples itself with worn or broken parts. To reduce
this undesirable effect, a plug can be installed in the end
of the gas tube and the plug can have a metering hole
that the gas must flow through. Thus, the metering of gas
flow is out of reach of bullet scrubbing and impact of pro-
pellant grains and is made of heat resistant material, so
that the meter hole is unchanged by any amount of firing.
Although the gas port hole continues to erode so that the
gas flow that reaches the metering hole continues to in-
crease in pressure, the metering hole (which can be con-
figured such that it is always smaller than the gas port
hole), reduces the effect of gas port erosion (not entirely,
but significantly), to extend the useful life of the gun.
[0100] Second, it is not surprising that gas port erosion
speeds up the firearm cycle, because the bolt group is
thrown more vigorously to the rear. However, it is impor-
tant to also appreciate that the forward cycle of the bolt
group also undesirably speeds up. Faster forward move-
ment is caused by bolt carrier bounce as the buffer and
carrier impact the rear wall. The buffer doesn’t bounce,
but carrier does. If rear carrier bounce can be eliminated,
then approximately half the rate of fire gain can be elim-
inated.
[0101] For example, assume that the cyclic rate of fire
of a new M4 is 800 shots per minute and that the firearm
has fired enough rounds to erode the gas port sufficiently
to speed up the cyclic rate to 1000 shots per minute. This
represents an increase of 200 shots per minute in the
cyclic rate. If that increase were cut in half, the gain would
only be 100 shots per minute. Thus, the firearm would
have a cyclic rate of 900 shots per minute instead of 1000
shots per minute and the useful life of the firearm would
be substantially extended.
[0102] When the bolt group begins to move forward
slowly, it starts to push the top cartridge in the magazine
forward, so that this cartridge enters the feed ramp at a
slow speed and is smoothly cammed upward into the
chamber opening. By way of contrast, if the bolt group
bounces forward at high speed, then the bullet point hits
the feed ramp (which is 7° steeper in the M4 than in the
M16) at high speed. The bullet tends to bounce higher
as the cyclic rate increase. When the cyclic rate increases
sufficiently, the bullet will miss the chamber opening and
jams the gun. Although this commonly occurs with con-
temporary 30-shot magazines, high capacity magazine

provided by SureFire, LLC of Fountain Valley, California
are designed to feed reliably at a very wide range of cyclic
rates.
[0103] Referring to Figures 13-18, 23, and 28, a com-
bination rate reducer and anti-bounce assembly, referred
to herein as anti-bounce assembly 1305, can be mounted
in the rear tubular section 1350 common to a M16 and
M4 bolt carrier 1300, according to an embodiment. The
only modification needed to be made to the bolt carrier
1300 is a vertical cut or slot 1352 formed through the left
side wall of the bolt carrier 1300 as shown in Figure 26.
[0104] The anti-bounce assembly 1305 can comprise
of a steel cylinder or weight 1400 having two cavities
1501 and 1502 formed therein. Within each cavity 1501,
1502, a first spring 1511 and a second spring 1512 can
be disposed. The first spring 1511 can be disposed in
cavity 1501 upon a first plunger 1521 and the second
spring 1512 can be disposed in cavity 1502 upon a sec-
ond plunger 1522. The first plunger 1521 and the second
plunger 1522 can be substantially hollow. The weight
1400 can be free to slide within the bolt carrier 1300 and
can be biased centrally by the first spring 1511 and the
second spring 1512, as discussed herein.
[0105] As shown in Figure 18, a central cavity 1801
can be formed between the two cavities 1501 and 1502.
The central cavity 1801 can define a continuous passage
between the two cavities 1501 and 1502.
[0106] The two plungers 1521 and 1522 can extend
through corresponding openings 1821 and 1822 (see
Figure 18) into the central cavity 1801. By inserting the
anti-bound assembly 1305 into the tubular section 1350
of the bolt carrier 1300, then placing a flat anvil 1351
through a slot 1352 in the bolt carrier 1300 and on into
the central cavity 1801, and then inserting a retaining pin
1861 through the hollow plungers 1521, 1522 and a hole
1862 in the anvil 1351, the anti-bounce assembly 1305
can be secured within the bolt carrier 1300.
[0107] The weight 1400 can have the two cavities 1501
and 1502, as well as the central cavity 1801 formed there-
in. The weight 1400 can slide fore and aft within the tu-
bular portion 1350 of the bolt carrier 1300. The springs
1511 and 1512 can tend to center the weight 1400. The
dimensions of the central cavity 1801 can allow the
weight 1400 to move fore and aft approximately 0.10
inches, for example, before the weight 1400 impacts the
anvil 1351. Such motion is resisted in either direction by
the force of each spring 1511, 1512 and by the fact that
each plunger 1521, 1522 has a travel limiting stop 1900
(see Figure 19) formed thereon. Thus, when inertia drives
the weight 1400 forward to strike the anvil 1351, then
only the rearward spring 1512 is compressed (as shown
in Figure 17), while the forward spring 1511 and plunger
1521 move away from the anvil 1351 and the opposite
occurs when the weight 1400 move rearward (as shown
in Figure 16). In that way, the springs 1511 and 1512 are
preloaded and biased to hold the weight 1400 in mid po-
sition, e.g., approximately centered (as shown in Figure
15) within its limits of travel.
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[0108] When the bolt carrier 1300 impacts going for-
ward and tries to bounce rearward the weight 1400 im-
pacts forward again (as shown in Figure 17) and vice-
versa (as shown in Figure 16). Thus, the weight 1400
partially defines an anti-bounce device in both directions,
not just in the forward direction. Since the anti-bounce
assembly 1305 mitigates rearward bounce, it is also a
rate reducer (it tends to reduce the cyclic rate of a fire-
arm). According to one or more embodiments, the anti-
bounce assembly 1305 can be a semi-permanent instal-
lation, meaning that it can be removed (by driving the
retaining pin into the forward plunger) or it can remain in
place since the firing pin, cam pin, and bolt standard dis-
assembly can be done with the device installed.
[0109] Figure 34 includes various views showing a car-
rier key 3400, according to an embodiment. The use of
a 0.500 inch shorter carrier key 3400, buffer, and main
spring stack height increases the bolt carrier 1300 allow-
able travel about 13% and reduces the rate of fire to about
80% of what it otherwise is. Except for the design of the
key 3400, the only change to the carrier1300 can be that
two number 8 screw holes are replaced with a single
10-32 screw hole.
[0110] Although this alone does not necessarily reduce
parts wear, it can increase full auto controllability and hit
probability, conserve ammunition and reduce heat build-
up. Thus, operation and reliability can be enhanced.
[0111] The use of such a carrier key 3400 can comply
and work normally without the shortened buffer. It can
therefore be offered to create the option to use a short-
ened buffer and spring stack for a reduced rate of fire.
[0112] Figure 19 is a top exploded view of the plungers,
springs, and double anti-bounce weight of Figure 18, ac-
cording to an embodiment.
[0113] Figure 20 is a perspective exploded view of the
plungers, springs, and double anti-bounce weight of Fig-
ure 18, according to an embodiment.
[0114] Figure 21 is a top assemble view of the plung-
ers, springs, and double anti-bounce weight of Figure 18,
according to an embodiment.
[0115] Figure 22 is a perspective assembled view of
the plungers, springs, and double anti-bounce weight of
Figure 18, according to an embodiment.
[0116] Figure 24 is an end view of the modified bolt
carrier of Figure 23, according to an embodiment.
[0117] Figure 25 is a side view of an anvil of Figure 23,
according to an embodiment.
[0118] Figure 26 is an end view of the modified bolt
carrier of Figure 23 showing an impact area and a bearing
area, according to an embodiment.
[0119] Figure 27 is an end view of the modified bolt
carrier of Figure 23 showing a plunger, according to an
embodiment.
[0120] Figure 29 includes various views of a double
anti-bounce, according to an embodiment.
[0121] Figure 30 includes various views of a plunger,
according to an embodiment.
[0122] Figure 31 includes various views of an anvil,

according to an embodiment.
[0123] Figure 32 includes various views showing a bolt
carrier modification, according to an embodiment.
[0124] Figure 33 includes various views showing a bolt
carrier modification, according to an embodiment.
[0125] Figure 34 includes various views showing a car-
rier key as discussed herein, according to an embodi-
ment.
[0126] Referring now to Figures 35-39, a rearwardly
positioned gas port 3506 of a contemporary M16/M4 type
of firearm can be moved forward, away from the receiver,
so as to increase the time between firing a cartridge and
cycling the bolt of the firearm and so as to reduce the
pressure used to cycle the firearm. The cyclic rate of the
firearm can be reduced and stress on components of the
firearm can be reduced. In this manner the reliability of
the firearm can be substantially enhanced, as discussed
herein. Figures 35 and 36 show the rearwardly positioned
gas port 3506 as it is positioned in a contemporary M4
firearm. Figure 36 additionally shows the use of a meter-
ing block 3601, according to an embodiment. Figures
37-39 show the gas port 3703 moved forward as well as
the use of the metering block 3601, according to an em-
bodiment.
[0127] With particular reference to Figure 35, the front
sight block (also know as a gas block or forging) 3501
and gas tube 3502 of a contemporary firearm, i.e., an M4
carbine, are shown. Firearms of the M16/M4 family are
constructed such that the rearwardly positioned gas port
3506 of the barrel 3507 is located proximate the rear
band 3504 of the sight block 3501. Gas from the barrel
3507 passes through the rearwardly positioned gas port
3506 and through a gas passage 3503 in the rear band
3504 to reach the gas tube 3502.
[0128] With particular reference to Figure 36, a meter-
ing block 3601 (better shown in Figures 38 and 39 and
which can be the same as or similar to metering plug
1001) can be installed in the front sight block 3501, ac-
cording to an embodiment. The metering block 3601 can
be installed in a firearm that has the gas port 3506 in the
standard location, i.e., proximate the rear band 3504. A
thick wall gas tube 3510 can additional be used, accord-
ing to an embodiment.
[0129] With reference to Figures 37-39, the gas port
3703 can be located further forward as compared to that
of a contemporary firearm, according to an embodiment.
The thick wall gas tube 3510 can be used. The metering
block 3601 can be disposed within the front sight block
3501, such as within that portion of the thick wall gas
tube 3510 that is received within the front sight block
3501.
[0130] The gas port 3703 can be re-located to this more
forward position without moving or changing the shape
of the front sight block 3501 or the rear 3504 and front
3505 bands, which surround the barrel 3507 to attach
the front sight block 3501 to the barrel 3507. The gas
passage 3702 is drilled in the front band 3505 instead of
in the rear band 3504. Clearance 3810 can be provided
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in the lower portion of the front band 3505 either prior to
such drilling or by the drilling process itself so as to facil-
itate such drilling.
[0131] The rear band 3504 and the front band 3505
can be formed integrally with the front sight block 3501
(as a single forging or casting, for example). Alternatively,
the rear band 3504 and the front band 3505 can be
formed separately with respect to the front sight block
3501.
[0132] The gas port 3506 (Figure 35) of a contempo-
rary firearm was originally located in the rear band 3504
when the front sight block 3501 was designed for the
longer barrel of the M16 rifle. Then, the same front sight
block 3501 and the rearwardly positioned gas port 3506
configuration was used for the 5-1/2 inch shorter carbine
barrel. In the carbine, the front sight block 3501 was
moved rearward 5-1/2 inches (with respect to the rifle)
to maintain the standard distance from the bayonet lug
to the muzzle. The rearwardly positioned gas port 3506
was also moved rearward 5-1/2 inches.
[0133] The distance from bullet start (firing) to the gas
port determines the available pressure and the distance
from gas port to the muzzle determines the time that pres-
sure is available, thus the ratio between the two distances
determines the impulse (force multiplied by time) of the
gas system for the gun. The ratio for an 18-1/2 inch bullet
travel length of the rifle barrel is 63/37 (63% from the
bullet start to the gas port and 37% from the gas port to
the muzzle). The ratio for the 13 inch bullet travel length
of the carbine barrel is 47/53. Since the ratio used for the
rifle barrel proved to be reliable over decades of service,
this reliability suggests that the distance from bullet start
to the gas port used on the carbine barrel is two inches
shorter than necessary to maintain the same ratio as the
rifle. It thus indicates that the gas port is much closer to
the firing chamber (bullet start position) in contemporary
M16/M4 firearms than it needs to be.
[0134] Placing the gas port 3506 closer to the chamber
causes the gas port 3506 (Figure 35) to be subjected to
higher pressure and temperature than necessary. This
is because the closer the gas port 3506 is to the chamber,
the higher the temperature and pressure to which the
gas port 3506 is exposed. Higher temperatures and pres-
sures undesirably cause more aggressive gas port ero-
sion. Additionally, as the carbine’s gas system starts un-
locking the bolt while there is higher pressure in the cham-
ber (compared to the rifle), the bolt’s cam pin hole and
locking lugs are undesirably subjected to more stress,
which can cause them wear prematurely, bind, and ulti-
mately fail.
[0135] Without changing the external dimensions of
the front sight block 3501 (these dimensions need to re-
main the same to accommodate the bayonet, tripod, bar-
rel launched grenade and separate grenade launcher) a
full two inch correction isn’t feasible. However, it is fea-
sible to reposition the gas port 1.23 inches further forward
as discussed herein, thus gaining substantial benefit.
Thus, by moving the barrel’s gas port and the gas block’s

passageway hole from the rear band 1.23 inches forward
into the front band 3505, problems associated with con-
temporary firearms can be substantially mitigated.
[0136] A bore 3712 can be formed in the front sight
block 3501 for receiving the gas tube 3510. The bore
3712 can extend completely through the front sight block
3501.
[0137] As best shown in Figures 38 and 39, the meter-
ing block 3601 can comprise an inlet 3804 (Figure 39)
and a bore 3801. The inlet 3804 and/or the bore 3801
are sized and configured to provide the desire gas me-
tering function. That is, the inlet 3804, the bore 3801, or
both are configured to allow a desired amount of gas to
flow from the gas port 3703 to the gas tube 3510. The
inlet 3804 and/or the bore 3801 can define a fixed, cali-
brated orifice for determining the amount of gas flow
through the metering block 3601. Thus, the amount of
gas used to cycle the firearm can be better controlled,
e.g., can be fine tuned.
[0138] An opening 3803 (Figure 39) can be formed in
the gas tube 3791 to facilitate gas flow from the gas pas-
sage 3702 to the metering block 3601. A hole 3802 can
be provided through the metering block 3601 and/or the
gas tube 3510 to facilitate attachment, e.g., pinning, of
the gas tube 3510 and/or the metering block 3601 to the
front sight block 3501.
[0139] As discussed herein, gas operated firearms uti-
lize an operating cycle that is powered by high temper-
ature and high pressure gas produced by the combustion
of propellant from a fired cartridge. A small portion of this
gas is tapped through a hole or gas port in the barrel and
is diverted through a passage or tube to push on a piston
and thereby cause internal parts, e.g., a bolt carrier as-
sembly, of the firearm move rearward according to a mul-
ti-stepped operating cycle. The gas actuation phase of
the operating cycle is short compared to the overall length
of the operating cycle. Thus, adequate rearward move-
ment of the internal parts of the firearm is somewhat de-
pendent on inertia. A spring that is compressed by the
parts as they move rearward returns the parts to their
original forward position.
[0140] In general, to provide reliable operation, the gas
flow in a gas operated firearm should be regulated to
provide an operating cycle of the firearm that is within a
certain or optimal range, e.g., a range of operating cycle
speeds. If the operating cycle is too slow (such as when
there is insufficient gas flow), then a rearward part of the
operating cycle may fail to be completed and the firearm
may not be ready to fire again when needed.
[0141] If the operating cycle is too fast (such as when
there is excessive gas flow), then even more types of
malfunctions can occur as compared to when the oper-
ating cycle is too slow. High speed cycling can cause
malfunctions, excessive wear, or can make the firearm
inoperative. For example, the firearm can jam at an in-
opportune time, such as during battlefield use.
[0142] When properly designed and new, a gas oper-
ated firearm’s gas flow is typically properly regulated for
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reliable function. Thus, a new gas operated firearm gen-
erally cycles within a speed range that is appropriate for
reliable operation. Generally, no adjustment to the gas
flow is needed for a properly designed, new gas operated
firearm.
[0143] However, the high temperature and high pres-
sure operating gas from fired cartridges is erosive by na-
ture. Grains of still burning propellant add to the erosion.
As the gas flows through the internal passages inside of
the firearm to provide power for the operating cycle, the
gas wears down metal surfaces, rounding sharp corners
and/or eroding depressions into the metal. The closer
surfaces are to the source of heat and pressure, e.g., the
chamber, the greater this erosive effect.
[0144] Also, rapid successive firing heats the barrel,
thereby weakening the steel and making it even more
susceptible to gas erosion. Recently, reliable, high ca-
pacity magazines (such as SureFire 60 and 100 round
magazines) have become widely available, thus allowing
unprecedented amounts of ammunition to be fired though
such firearms in a short time. Such rapid firing tends to
compound the detrimental effects of gas erosion.
[0145] Eroded gas passages tend to allow the gas to
flow more readily therethrough. This increases the vol-
ume of gas passing through the system, thereby unde-
sirably speeding up the operating cycle. As the erosion
continues to increase, so does the operating cycle speed
of the gas operated firearm.
[0146] When sped up, moving parts of the gas operat-
ed firearm may no longer function as intended. A com-
ponent of the firearm may bounce off of angled surfaces
that the component should cause to move, or may
bounce off of surfaces that the component should stop
against, thus causing timing related malfunctions.
[0147] It is known in the art that when the speed of a
moving mass is doubled, its impact force increases by
400%. As these moving components strike harder and
harder against their stopping surfaces, then battering,
breakage, and recoil increases. Also, the centerline of
the barrel is thrown more violently upwards during firing
so as to ruin aiming of the firearm and thus causes am-
munition to be wasted.
[0148] Thus, as a gas operated firearm undergoes
more use; the likelihood of needing an adjustment to the
gas flow becomes more likely. If such an adjustment is
not made, then the firearm is likely to malfunction even-
tually.
[0149] Referring now to Figures 40-52, a gas regulator
system for a firearm 5000 (Figure 43) is shown, according
to an embodiment. The gas regulator system is suitable
for use with gas operated firearms, such as the M16 rifle
and M4 carbine. The gas regulator system can be adapt-
ed for use with other gas operated firearms.
[0150] With particular reference to Figures 40-43, the
gas regulator system can comprise a gas regulator block
5101 that can be mounted to a barrel 5102 of the firearm
5000. A gas regulator 5103 can comprise an adjustment
screw 5106 that at least partially defines a needle valve

5107. The adjustment screw 5106 can have a hexagonal
head 5141. A gas passage 5104 formed in the gas reg-
ulator block 5101 can receive combustion gas from a
fired cartridge via gas port 5123 of the barrel 5102. A
plug 5114 can redirect or deflect the gas from a generally
upward (and partially rearward) direction to a generally
rearward direction and into a gas tube 5113. The tube
5113 can have has a wall thickness of between 0.045
inch and 0.063 inch. A slanted surface 5116 can be
formed on the plug 5114 to enhance the deflection of the
gas from the gas port 5104 into the tube 5113. A cross
pin 5117 can attach the gas regulator block 5101, the
plug 5114, and the tube 5113 together.
[0151] The adjustment screw 5106 can comprise a
threaded portion 5109 having detents or troughs 5108
(better shown in Figure 52) formed therein. A plunger
5111 can be biased downwardly by a spring 5112 to en-
gage the troughs 5108. The spring 5112 and the plunger
5111 can be slidably disposed out side of the gas regu-
lator block 5101, such as within a tower 5140 that extends
next to the gas regulator block 5101.
[0152] According to an embodiment, the adjusting
screw 5106 can comprise a stem 5151. The stem 5151
can extend beyond the threaded portion 5109. At least
one cutting groove 5152 can be formed at an inward end
of the threaded portion 5109 where the threaded portion
5109 joins the stem 5151. The cutting grooves 5152 can
be configured to remove carbon deposits that have ac-
cumulated in a cavity or a tube, e.g., the tube 5113, which
is configured to extend from the gas regulator block to a
bolt carrier assembly of the firearm. The cavity can be
formed between an end of the threaded portion 5109 and
a stem hole in the gas regulator block 5101. The cutting
can occur when the adjusting screw 5106 is adjusted for
removal.
[0153] A cover 5118 can cover the adjustment screw
5106. The cover 5118 can be rotatably attached to the
gas regulator block 5101 via a post 5119. The cover 5118
can be held onto the post 5119 via a snap ring 5121. The
cover 5118 can be held in the closed position, wherein
the cover 5118 covers the adjustment screw 5106, via a
hook 5122 (Figures 48 and 51) that engages a portion
of the gas regulator block 5101 and via the cross pin
5117. The cross pin 5117 can be received within a hole
5130 formed in the cover 5118 and can be pushed into
the gas regulator block 5101 to allow the hook 5122 to
disengage the gas regulator block 5101 and to allow the
cover 5118 to rotate and thus expose the adjustment
screw 5106.
[0154] According to an embodiment, the size, shape,
and location of the gas regulator block 5101 can be sub-
stantially maintained with respect to a contemporary gas
regulator block. In this manner, commonly available parts
and accessories such as bipods, bayonets, and grenade
launchers can be used with the disclosed gas regulator
block 5101. Surfaces on the gas regulator block 5101
may or may not be used as the front sight mounting sys-
tem. For example, the gas regulator block 5101 can com-

25 26 



EP 2 693 156 B1

15

5

10

15

20

25

30

35

40

45

50

55

prise a front sight 5201. The front sight 5201 can be ad-
justable for bullet drop compensation.
[0155] According to an embodiment, a gas system that
resists erosion, manages heat buildup, as well as pro-
vides more accurate and safer operation, is provided.
Adjustable regulation of the gas system as it erodes is
also provided, thereby allowing the operator to desirably
maintain control over the operating speed of the weapon.
[0156] According to an embodiment, more effective
heat management is provided by the gas regulator block
5101, which is mounted on the barrel 5102 of the gas
operated firearm 5000. The gas port 5123 leading from
the barrel 5102 into the gas regulator block 5101 can be
moved as far forward in the gas regulator block 5101 as
practical. Operating gas closer to the front of the barrel
5102 (and thus further from the chamber where combus-
tion of the propellant mostly occurs), is lower and more
consistent in pressure and temperature. The gas which
flows through a more forward located gas passage 5104
will cause less erosion and will tend to provide a more
consistent operating cycle. For example, a more consist-
ent operating cycle time can be provided.
[0157] Besides being moved forward, the gas passage
5104 in the gas regulator block 5101 can be drilled at a
rearward angle to help smooth the gas flow as it turns
sharply into the gas tube 5113. The tube 5113 can be a
thin wall metal tube mounted at least partially within the
gas regulator block 5101, as discussed herein. When the
gas reaches the tube 5113, it can be diverted rearward,
by the plug 5114. The plug 5114 can be permanently
mounted in the tube 5113, for example. One or more
surfaces 5116 formed on the plug 5114 can be shaped
to enhance gas flow rearward, from the gas passage
5104 into the tube 5113. The cross pin 5117 can extend
through the gas regulator block 5101, through the tube
5113, and through the plug 5114, so as to hold the gas
regulator block 5101, the tube 5113, and the plug 5114
together.
[0158] According to an embodiment, operating gas is
routed from the barrel 5102 and through the gas regulator
block 5101. The tube 5113 can extend behind the gas
regulator block 5101, to conduct the gas rearward, to the
bolt carrier assembly where the gas unlocks and moves
the bolt and bolt carrier.
[0159] By moving the gas passage 5104 forward, the
area of the gas regulator block 5101 surrounding the thin
wall gas tube 5113 is lengthened. This area is also wider
and taller. The resulting greater mass provides a larger
heat sink for the tube 5113. The larger heat sink better
cools the hot gases from fired cartridges. If desired, heat
radiating fins could be formed in this area on the outside
of the gas regulator block 5101 to further draw heat away
from the tube 5113. Keeping the tube 5113 from over-
heating during rapid firing is important. Heat has been
known to warp gas tubes to the point of failure. Thus, the
gas regulator system can both regulate the amount of
gas and can cool the gas so as to provide more reliable
operation of the firearm, maintain a desired cyclic rate of

the firearm, and prevent damage to the firearm.
[0160] Proximate the center of the gas regulator block
5101 and intersecting the tube 5113 can be the gas reg-
ulator adjustment screw 5106. The gas regulator adjust-
ment screw 5106 partially defines and functions as the
needle valve 5107. By screwing the adjustment screw
5106 in and out, the tip of the adjustment screw 5106
affects the flow of operating gas flowing through the tube
5113. Screwing the adjustment screw 5106 to the full
forward position tends to block all gas flow. Screwing the
adjustment screw 5106 out to its rear stop can provide
more gas flow than would ever be needed. The adjust-
ment screw 5106 can be made of heat resistant material
and/or can be coated with heat resistant material. The
adjustment screw 5106 can be a hexagonal driving head
screw, although other configurations can be used.
[0161] Rotational movement of the gas adjustment
screw 5106 can be controlled or limited by a spring ten-
sioned detent. For example, indexing troughs 5108 can
be formed in the threaded portion 5109 of the screw 5106
and the plunger 5111 can apply force, via the spring 5112,
to these troughs 5108 to facilitate accurate adjustment
of the screw 5106 and to inhibit unintended rotation of
the screw 5106. Accurate adjustment of the screw 5106
can be provided by counting the clicks caused by the
plunger 5111 as the plunger 5111 sequentially engages
the troughs 5108 when the screw 5106 is turned. Count-
ing the clicks from full engagement (a fully screwed in
position) of the screw 5106 can provide an indication of
how far out the screw 5106 has been turned and how
much gas can be expected to flow, for example.
[0162] This stepped, incremental adjustment of the
gas regulator 5103 can allow the user to reduce the op-
erating cycle speed of the firearm 5000 back down to a
correct rate as erosion of the gas port 5123 speeds up
the operating cycle. The firearm 5000 can also be tuned
via the screw 5106 to function correctly with ammunition
loaded to different power levels, e.g., with different pow-
der loads and/or bullet weights.
[0163] Adjustment can also be made when the weapon
is fired with a sound suppression device attached to the
barrel 5102 to account for the difference in gas pressure
within the barrel 5102 caused by the sound suppression
device. The use of a sound suppression device is known
to speed up the operating cycle of a firearm due to the
increase of pressure with the barrel 5102 caused thereby.
[0164] When the firearm 5000 operates at the lowest
speed, .e.g., the longest operating cycle, that still pro-
vides correct functioning of the firearm 5000, then recoil
force is at its lowest. Shot to shot firing is optimized, as
the barrel does not tend to rise above the line of sight as
much during recoil, thereby making rapid fire more ac-
curate. This serves to conserve ammunition, reduce
heat, and reduce wear on the whole weapon system
(which can include auxiliary devices such as laser sights,
flashlights, grenade launchers, and the like).
[0165] The spring 5112 provided for detent tension of
the plunger 5111 in the troughs 5108 of the screw 5106
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can be mounted at the far side of a long plunger 5111,
as remotely as practical from the gas regulator adjust-
ment screw 5106. The plunger 5111 and spring 5112 can
be mounted within the projecting tower 5140, such as
along side of the gas regulator block 5101. Such mount-
ing can inhibit the intense heat generated by rapid fire
shooting from transferring into the spring 5112, which
could cause the spring 5112 to lose some or all of its
spring tension.
[0166] To correctly adjust the gas regulator 5103, the
adjustment screw 5106 of the needle valve 5107 should
be screwed all the way inward, then a magazine loaded
with one round of the desired ammunition can be installed
in the firearm 5000 and the gun fired semi auto. Then the
screw 5106 can be unscrewed one click after each one
of several successive shots are fired (each time with a
single round in the magazine) until the weapon’s last
round device catches the bolt. The screw 5106 can be
unscrewed two more clicks (to assure adequate gas
flow), where it can remain with the gun cycling correctly
until gas port erosion, a change in ammunition, or some
other factor causes the gas regulator to require readjust-
ment.
[0167] Outboard of the screw 5106 can be a cover
5118. The cover 5118 can allows the screw 5106 to be
accessible for adjustment, but can also limit how far the
screw 5106 can be backed out of the gas regulator block
5101, so that the screw 5106 can always maintain ade-
quate thread engagement during firing to keep it safely
engaged with the gas regulator block 5101.
[0168] The gas regulator cover 5118 can be held se-
curely in place on the gas regulator block 5101. At the
rear the cover 5118 can be held on the post 5119 by the
snap ring 5121. At the front the cover 5118 can be held
by an interlocking hook 5122 and cross pin 5117. The
hook 5122 can be disengaged by rotating the cover 5118.
The cover 5118 can rotate about the centerline of the
post 5119 and the snap ring 5121. The cover 5118 cannot
be readily rotated out of the way.
[0169] The same cross pin 5117 that holds the gas
tube 5113 into the gas regulator block 5101 must be par-
tially driven inward to allow the cover 5118 to be rotated
up and thereby expose the adjusting screw 5106. Thus,
the operator can adjust the gas flow (to vary the operating
cycle speed), but can not easily remove the cover 5118
from the gas regulator block 5101. Removing the cover
5118 allows the gas regulator screw 5106 to be removed
from the gas regulator block 5101, if need be.
[0170] According to an embodiment, the gas regulator
block 5101 can include features that act as a front sight,
similar to that of the contemporary M16 rifle and M4 car-
bine. The sight protection ears 5502 on the gas regulator
block 5101 have been raised. Features have also been
made so that the staff of the front sight 5201 and an ad-
justment plunger 5503 can move more deeply down-
wards. By installing a taller staff of the front sight 5201,
a higher line of sight can be attained. This was done to
provide an improvement in the M16 Rifles and M4 Car-

bines with Picatinney flat top rails over the receiver with
a detachable receiver mounted carrying handle. The
standard detachable handle has inadequate clearance
under it for a hand to pass through it. With a higher front
sight and rear sight adjusted higher, a detachable carry
handle with correct handle height for hand clearance can
be installed.
[0171] With particular reference to Figure 45, a wrench
or tool 5200 can be provided. The tool 5200 can be used
to both adjust gas flow and adjust bullet drop for the front
sight 5201.

Claims

1. A firearm (5000) comprising:

a barrel (5102) with a gas port (5123) formed
therein;
a gas regulator block (5101) mounted to the bar-
rel (5102);
a gas regulator (5103) disposed within the gas
regulator block and configured to adjustably
vary an amount of gas flow through the gas reg-
ulator block;
a gas passage (5104) formed in the gas regu-
lator block, the gas passage being configured
to communicate gas from the gas port in the bar-
rel to the gas regulator,
characterized in that said firearm (5000) fur-
ther comprises a cover (5118) configured to cov-
er a portion of the gas regulator block (5101) to
inhibit inadvertent adjustment of the amount of
gas flow and configured to uncover the portion
of the gas regulator block (5101) to facilitate in-
tentional adjustment of the amount of gas flow.

2. The firearm as recited by claim 1, wherein the gas
regulator comprises an adjustment screw (5106),
and wherein the adjustment screw at least partially
defines a needle valve (5107) for varying gas flow
through the gas regulator block.

3. The firearm as recited by claim 2, wherein the ad-
justment screw has troughs (5108) formed in a
threaded portion (5109) thereof, wherein the gas reg-
ulator further comprises:

a plunger (5111); and
a spring (5112) for biasing the plunger to index
the troughs.

4. The firearm as recited by claim 3, wherein the plung-
er and the spring are disposed outside of the gas
regulator block to mitigate heat transfer from the gas
regulator block to the plunger and the spring, and
wherein a beginning of the gas passage is positioned
in a forward ring of a two ring gas regulator block.
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5. The firearm as recited by claim 2, wherein forward
positioning of the gas port allows a central position-
ing of the adjustment screw so that the adjustment
screw and a gas passageway between the gas port
and the adjustment screw are surrounded by mate-
rial of the gas regulator block that acts as a heat sink
arranged to absorb heat that might otherwise dam-
age the device.

6. The firearm as recited by claim 1, wherein the gas
passage is formed to be non-perpendicular with re-
spect to the barrel when the gas regulator block is
attached to the barrel, and/or, wherein the gas pas-
sage is configured to cause gas to flow rearwardly
from the barrel to the gas regulator, and/or wherein
the gas passage is angled rearwardly from the barrel
to the gas regulator.

7. The firearm as recited by claim 1, further comprising:

a tube (5113) configured to extend from the gas
regulator block to a bolt carrier assembly of the
firearm, wherein the adjustment screw inter-
sects the tube; and
a plug (5114) disposed in the gas regulator block
and configured to divert gas into the tube.

8. The firearm as recited by claim 2, wherein the cover
(5118) is configured to rotate from a closed position
in which the cover covers the portion of the gas reg-
ulator block to inhibit inadvertent adjustment of the
amount of gas flow to an open position in which the
cover uncovers the portion of the gas regulator block
to facilitate intentional adjustment of the amount of
gas flow.

9. The firearm as recited by claim 7, wherein the tube
is a thin walled tube and the plug is permanently
mounted in the tube, or wherein the plug has a sur-
face (5116) that is configured to enhance rearward
gas flow.

10. The firearm as recited by claim 7, further comprising
a cross pin (5117) that extends through the gas reg-
ulator block, the tube, and the plug to hold the gas
regulator block, the tube, and the plug together.

11. The firearm as recited by claim 8, wherein in the
closed position the cover allows limited adjustment
of the adjustment screw, and/or wherein the closed
position of the cover limits outward movement of the
adjustment screw.

12. The firearm as recited by claim 8, wherein a rear of
the cover is held to a post (5119) of the gas regulator
block via a snap ring (5121) and a front of the cover
is held to the gas regulator block via an interlocking
hook (5122) and a cross pin (5117) such that the

cover is releasable from the hook by moving the
cross pin and the cover is rotatable about the post
to provide access to the adjustment screw.

13. The firearm as recited by claim 2, wherein the ad-
justment screw comprises:

a stem (5151);
threads (5109); and
at least one cutting groove (5152) formed at an
inward end of the threads where the threads join
the stem, such that the at least one cutting
groove is configured to remove carbon deposits
accumulated in at least one of a cavity or the
tube, the cavity being formed between an end
of the threads and a stem hole in the gas regu-
lator block and a cutting occurring when the
screw is adjusted for removal.

14. The firearm as recited by claim 2, wherein the cover
is configured to limit how far the adjustment screw
can be unscrewed from the gas regulating block.

15. A method of operating the firearm as recited by claim
2, the method comprising:

rotating the cover attached to the gas regulator
block of the firearm to expose the adjustment
screw;
turning the adjustment screw to vary an amount
of gas used to cycle the firearm, thereby a speed
at which the firearm operates, and
wherein a spring (5112) urges a plunger (5111)
into troughs (5108) of the adjustment screw to
index the adjustment screw as the adjustment
screw is turned.

Patentansprüche

1. Schusswaffe (5000), die Folgendes umfasst:

einen Lauf (5102) mit einer darin gebildeten
Gasöffnung (5123);
einen Gasreglerblock (5101), der an dem Lauf
(5102) angebracht ist;
einen Gasregler (5103), der in dem Gasregler-
block angeordnet ist und dazu konfiguriert ist,
eine Menge eines Gasstroms durch den Gas-
reglerblock verstellbar zu ändern;
einen Gasdurchgang (5104), der in dem Gas-
reglerblock gebildet ist, wobei der Gasdurch-
gang dazu konfiguriert ist, Gas von der Gasöff-
nung in dem Lauf zu dem Gasregler zu leiten,
dadurch gekennzeichnet, dass die Schuss-
waffe (5000) weiter eine Abdeckung (5118) um-
fasst, die dazu konfiguriert ist, einen Abschnitt
des Gasreglerblocks (5101) abzudecken, um

31 32 



EP 2 693 156 B1

18

5

10

15

20

25

30

35

40

45

50

55

das unbeabsichtigte Verstellen der Menge des
Gasstroms zu verhindern, und dazu konfiguriert
ist, den Abschnitt des Gasreglerblocks (5101)
aufzudecken, um das beabsichtigte Verstellen
der Menge des Gasstroms zu ermöglichen.

2. Schusswaffe nach Anspruch 1, wobei der Gasregler
eine Verstellschraube (5106) umfasst, und wobei die
Verstellschraube mindestens teilweise ein Nadel-
ventil (5107) zum Ändern des Gasstroms durch den
Gasreglerblock umfasst.

3. Schusswaffe nach Anspruch 2, wobei die Verstell-
schraube in einem Gewindeabschnitt (5109) dersel-
ben gebildete Rillen (5108) aufweist, wobei der Gas-
regler weiter Folgendes umfasst:

einen Kolben (5111); und
eine Feder (5112) zum Vorspannen des Kol-
bens zum Indexieren der Rillen.

4. Schusswaffe nach Anspruch 3, wobei der Kolben
und die Feder außerhalb des Gasreglerblocks an-
geordnet sind, um die Wärmeübertragung von dem
Gasreglerblock zu dem Kolben und der Feder abzu-
schwächen, und wobei ein Anfang des Gasdurch-
gangs in einem vorderen Ring eines Gasregler-
blocks mit zwei Ringen positioniert ist.

5. Schusswaffe nach Anspruch 2, wobei die Positionie-
rung der Gasöffnung nach vorne eine mittige Posi-
tionierung der Verstellschraube zulässt, sodass die
Verstellschraube und ein Gasdurchgang zwischen
der Gasöffnung und der Verstellschraube von Ma-
terial des Gasreglerblocks umgeben sind, das als
Wärmesenke wirkt, die angeordnet ist, um Wärme
aufzunehmen, die sonst die Vorrichtung beschädi-
gen könnte.

6. Schusswaffe nach Anspruch 1, wobei der Gasdurch-
gang gebildet ist, um in Bezug auf den Lauf nicht
senkrecht zu sein, wenn der Gasreglerblock an dem
Lauf angebracht ist, und/oder wobei der Gasdurch-
gang dazu konfiguriert ist, zu bewirken, dass Gas
von dem Lauf nach hinten in den Gasregler strömt,
und/oder wobei der Gasdurchgang von dem Lauf zu
dem Gasregler nach hinten geneigt ist.

7. Schusswaffe nach Anspruch 1, die weiter Folgendes
umfasst:

ein Rohr (5113), das dazu konfiguriert ist, sich
von dem Gasreglerblock zu einer Verschluss-
trägeranordnung der Schusswaffe zu erstre-
cken, wobei die Verstellschraube das Rohr
durchschneidet; und
einen Stopfen (5114), der in dem Gasregler-
block angeordnet ist und dazu konfiguriert ist,

Gas in das Rohr umzuleiten.

8. Schusswaffe nach Anspruch 2, wobei die Abde-
ckung (5118) dazu konfiguriert ist, sich aus einer ge-
schlossenen Stellung, in der die Abdeckung den Ab-
schnitt des Gasreglers abdeckt, um das unbeabsich-
tigte Verstellen der Menge des Gasstroms zu ver-
hindern, in eine offene Stellung, in der die Abde-
ckung den Abschnitt des Gasreglerblocks aufdeckt,
um das beabsichtigte Verstellen der Menge des
Gasstroms zu ermöglichen, zu drehen.

9. Schusswaffe nach Anspruch 7, wobei es sich bei
dem Rohr um ein dünnwandiges Rohr handelt und
der Stopfen dauerhaft in dem Rohr montiert ist, oder
wobei der Stopfen eine Oberfläche (5116) aufweist,
die dazu konfiguriert ist, den Gasstrom nach hinten
zu verstärken.

10. Schusswaffe nach Anspruch 7, weiter umfassend ei-
nen Kreuzzapfen (5117), der sich durch den Gas-
reglerblock, das Rohr und den Stopfen erstreckt, um
den Gasreglerblock, das Rohr und den Stopfen zu-
sammenzuhalten.

11. Schusswaffe nach Anspruch 8, wobei die Abde-
ckung in der geschlossenen Stellung das begrenzte
Verstellen der Verstellschraube zulässt und/oder
wobei die geschlossene Stellung der Abdeckung die
Bewegung nach außen der Verstellschraube be-
grenzt.

12. Schusswaffe nach Anspruch 8, wobei eine Rücksei-
te der Abdeckung über einen Sprengring (5121) an
einen Pfosten (5119) des Gasreglerblocks gehalten
wird und eine Vorderseite der Abdeckung über einen
Verriegelungshaken (5122) und einen Kreuzzapfen
(5117) an den Gasreglerblock gehalten wird, sodass
die Abdeckung von dem Haken gelöst werden kann,
indem der Kreuzzapfen bewegt wird und die Abde-
ckung um den Pfosten drehbar ist, um Zugang zu
der Verstellschraube bereitzustellen.

13. Schusswaffe nach Anspruch 2, wobei die Verstell-
schraube Folgendes umfasst:

einen Schaft (5151);
ein Gewinde (5109); und
mindestens eine Schneidnut (5152), die an ei-
nem innenliegenden Ende des Gewindes gebil-
det ist, wo das Gewinde mit dem Schaft verbun-
den ist, sodass die mindestens eine Schneidnut
dazu konfiguriert ist, in einem Hohlraum
und/oder dem Rohr angesammelte Kohlenstoff-
ablagerungen zu entfernen, wobei der Hohl-
raum zwischen einem Ende des Gewindes und
einem Schaftloch in dem Gasreglerblock gebil-
det ist und ein Schneiden stattfindet, wenn die
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Schraube zum Herausnehmen verstellt wird.

14. Schusswaffe nach Anspruch 2, wobei die Abde-
ckung dazu konfiguriert ist, zu begrenzen, wie weit
die Verstellschraube aus dem Gasregelblock her-
ausgeschraubt werden kann.

15. Verfahren zum Betreiben der Schusswaffe nach An-
spruch 2, wobei das Verfahren Folgendes umfasst:

Drehen der an dem Gasreglerblock der Schuss-
waffe angebrachten Gasreglerblock, um die
Verstellschraube freizulegen;
Drehen der Verstellschraube, um eine Menge
des für das Repetieren der Schusswaffe ver-
wendeten Gases und somit eine Geschwindig-
keit, mit der die Schusswaffe arbeitet, zu ändern,
und
wobei eine Feder (5112) einen Kolben (5111) in
Rillen (5108) der Verstellschraube drängt, um
die Verstellschraube zu indexieren, wenn die
Verstellschraube gedreht wird.

Revendications

1. Arme à feu (5000) comprenant :

un canon (5102) avec un orifice de gaz (5123)
formé dans celui-ci ;
un bloc de régulateur de gaz (5101) monté sur
le canon (5102) ;
un régulateur de gaz (5103) disposé à l’intérieur
du bloc de régulateur de gaz et configuré pour
faire varier de manière réglable une quantité de
flux de gaz à travers le bloc de régulateur de
gaz ;
un passage de gaz (5104) formé dans le bloc
de régulateur de gaz, le passage de gaz étant
configuré pour communiquer du gaz provenant
de l’orifice de gaz dans le canon au régulateur
de gaz,
caractérisée en ce que ladite arme à feu (5000)
comprend en outre un couvercle (5118) confi-
guré pour recouvrir une partie du bloc de régu-
lateur de gaz (5101) pour empêcher un réglage
par inadvertance de la quantité de flux de gaz
et configuré pour découvrir la partie du bloc de
régulateur de gaz (5101) pour faciliter un régla-
ge intentionnel de la quantité de flux de gaz.

2. Arme à feu telle qu’énoncée par la revendication 1,
où le régulateur de gaz comprend une vis de réglage
(5106), et où la vis de réglage définit au moins par-
tiellement une vanne à pointeau (5107) pour faire
varier le flux de gaz à travers le bloc de régulateur
de gaz.

3. Arme à feu telle qu’énoncée par la revendication 2,
où la vis de réglage a des creux (5108) formés dans
une partie filetée (5109) celle-ci, où le régulateur de
gaz comprend en outre :

un piston (5111); et
un ressort (5112) pour solliciter le piston pour
une indexation des creux.

4. Arme à feu telle qu’énoncée par la revendication 3,
où le piston et le ressort sont disposés à l’extérieur
du bloc de régulateur de gaz pour atténuer un trans-
fert de chaleur du bloc de régulateur de gaz au piston
et au ressort, et où un début du passage de gaz est
positionné dans un anneau avant d’un bloc de régu-
lateur de gaz à deux anneaux.

5. Arme à feu telle qu’énoncée par la revendication 2,
où un positionnement avant de l’orifice de gaz per-
met un positionnement central de la vis de réglage
de sorte que la vis de réglage et un trajet de passage
de gaz entre l’orifice de gaz et la vis de réglage soient
entourés par un matériau du bloc de régulateur de
gaz qui agit comme dissipateur de chaleur conçu
pour absorber la chaleur qui pourrait sinon endom-
mager le dispositif.

6. Arme à feu telle qu’énoncée par la revendication 1,
où le passage de gaz est formé pour être non per-
pendiculaire par rapport au canon lorsque le bloc de
régulateur de gaz est fixé au canon, et/ou où le pas-
sage de gaz est configuré pour amener le gaz à
s’écouler vers l’arrière du canon au régulateur de
gaz, et/ou où le passage de gaz est incliné vers l’ar-
rière du canon au régulateur de gaz.

7. Arme à feu telle qu’énoncée par la revendication 1,
comprenant en outre :

un tube (5113) configuré pour s’étendre du bloc
de régulateur de gaz à un ensemble porte-cu-
lasse de l’arme à feu, où la vis de réglage croise
le tube ; et
un bouchon (5114) disposé dans le bloc de ré-
gulateur de gaz et configuré pour dévier le gaz
dans le tube.

8. Arme à feu telle qu’énoncée par la revendication 2,
où le couvercle (5118) est configuré pour effectuer
une rotation d’une position fermée dans laquelle le
couvercle recouvre la partie du bloc de régulateur
de gaz pour empêcher un réglage par inadvertance
de la quantité de flux de gaz à une position ouverte
dans laquelle le couvercle découvre la partie du bloc
de régulateur de gaz pour faciliter un réglage inten-
tionnel de la quantité de flux de gaz.

9. Arme à feu telle qu’énoncée par la revendication 7,
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où le tube est un tube à paroi mince et le bouchon
est monté en permanence dans le tube, ou bien où
le bouchon a une surface (5116) qui est configurée
pour améliorer un flux de gaz vers l’arrière.

10. Arme à feu telle qu’énoncée par la revendication 7,
comprenant en outre une broche transversale
(5117) qui s’étend à travers le bloc de régulateur de
gaz, le tube, et le bouchon pour maintenir ensemble
le bloc de régulateur de gaz, le tube, et le bouchon.

11. Arme à feu telle qu’énoncée par la revendication 8,
où, dans la position fermée, le couvercle permet un
réglage limité de la vis de réglage, et/ou où la position
fermée du couvercle limite un mouvement vers l’ex-
térieur de la vis de réglage.

12. Arme à feu telle qu’énoncée par la revendication 8,
où une partie arrière du couvercle est maintenue sur
un tenon (5119) du bloc de régulateur de gaz par
l’intermédiaire d’un circlip (5121) et une partie avant
du couvercle est maintenue sur le bloc de régulateur
de gaz par l’intermédiaire d’un crochet de verrouilla-
ge (5122) et d’une broche transversale (5117), de
sorte que le couvercle soit libérable à partir du cro-
chet par déplacement de la broche transversale et
que le couvercle puisse effectuer une rotation autour
du tenon pour fournir un accès à la vis de réglage.

13. Arme à feu telle qu’énoncée par la revendication 2,
où la vis de réglage comprend :

une tige (5151) ;
des filetages (5109) ; et
au moins une rainure de coupe (5152) formée
au niveau d’une extrémité vers l’intérieur des
filetages où les filetages rejoignent la tige, de
sorte que l’au moins une rainure de coupe soit
configurée pour retirer des dépôts de carbone
accumulés dans au moins l’un parmi une cavité
ou le tube, la cavité étant formée entre une ex-
trémité des filetages et un trou de tige dans le
bloc de régulateur de gaz et une découpe se
produisant lorsque la vis est réglée pour un re-
trait.

14. Arme à feu telle qu’énoncée par la revendication 2,
où le couvercle est configuré pour limiter jusqu’à quel
point la vis de réglage peut être dévissée du bloc de
régulateur de gaz.

15. Procédé de fonctionnement de l’arme à feu telle
qu’énoncée par la revendication 2, le procédé
comprenant :

effectuer une rotation du couvercle fixé au bloc
de régulateur de gaz de l’arme à feu pour expo-
ser la vis de réglage ;

tourner la vis de réglage pour faire varier une
quantité de gaz utilisée pour effectuer un cycle
avec l’arme à feu, et ainsi une vitesse à laquelle
fonctionne l’arme à feu, et
où un ressort (5112) sollicite un piston (5111)
dans des creux (5108) de la vis de réglage pour
une indexation de la vis de réglage à mesure
qu’on fait tourner la vis de réglage.
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