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(54) Title: RECOIL CONTROL DEVICE

(57) Abstract: The invention comprises an improved recoil control device comprising a bolt head (203) and an inertia block (202)
or slider for use in a variety of firearms. In one embodiment, the bolt head and inertia block are articulated so that the displacement
of the bolt head results in a force component outside the firing axis of the barrel of the firearm. The device can be incorporated into
firearms of a variety of sizes and configurations to produce recoil reduction and/or weight reduction advantages. The movement of
the slider has a component perpendicular to the axis of the barrel (254) of the firearm.
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RECOIL CONTROL DEVICE

FIELD OF INVENTION

[0001] This invention relates to small and heavy caliber firearms and cannons as well as to
. improved methods and devices for reducing the consequences of recoil and improving
performance in firearms and cannons. In a particular embodiment, the device relates
to the control or management of the recoil forces for small caliber semiautomatic or

automatic firearms.

BACKGROUND FOR AND INTRODUCTION TO THE INVENTION

[0002] Historically, automatic weapons were intended to be loaded mechanically and,
therefore, fired much faster than hand-loaded firearms. However, the rapid firing of
successive cartridges induces various side effects that proved detrimental both to
accuracy and the effectiveness of an automatic weapon. Traditionally, a gun was
considered to work like a heat engine, in which about thirty percent of the energy
developed by the propellant powder is dissipated as heat, forty percent as muzzle blast
and recoil, and only the remaining thirty percent was effectivély used to propel the
bullet out of the barrel. Successive designs of automatic weapons tried to make use of
the vast amount of wasted energy to help make the automatic cycling operate better.
Three general systems were used. Hiram Maxim was the first to use recoil forces to
mechanize the ejection and loading actions in a machine gun, Browning put the
muzzle blast to effective use, and Bergman devised the simple blowback action.
Thus, the three basic ways of obtaining an automatic operation were developed from
the use of recoil, gas, or blowback actuation. Later applications of the blowback
operation used either simple blowback or assisted blowback, with or without locked,
delayed, hesitation or retarded blowback, and even blowback with advance primer
ignition. Gas operation lead to the use of long and short-stroke pistons and even, in
more modern weapons, direct gas action, where the derived gas directly activates a
bolt carrier in which an adequate recess is managed. Recoil operation traditionally
provided the locking mechanism of the bolt to the barrel so that they can slide
together under the thrust of the pressure when firing, either under a short or long

recoil operation and with or without muzzle boosters or recoil intensifiers.

CONFIRMATION COPY
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[0003] Throughout the time these improvements were made a main issue was safety.
Depending on the design, operators were susceptible to explosive forces from an
improperly chambered round or an incomplete breech lock on the chambered round.
Therefore, all systems were engineered in order to secure an accurate locking duration
for the breech to the barrel, until the gas pressure falls to a safe level once the
projectile has exited the barrel. The main breech locking systems developed
employed separate revolving chambers, the rotation of which provides an adequate
duration of protection, or toggle systems, rotating bolts, tilting breech blocks, lug
systems, or even non-ramming breech blocks. A common but unsatisfactory feature
among all these mechanisms is that they do not prevent the undesirable side effects
during automatic firing, which accounts for the adverse effects on accuracy and ease

of use.

[0004] Thus, the mechanisms found on current firearms, although reliable and widely
| employed, nevertheless suffer from a number of deficiencies. For example, some

mechanisms increase the length of the housing of the breech, resulting in interior
clutter and increased weight. The amplitude of recoil is relatively critical due to its
effect on accuracy, and the existing mechanisms fail to provide a satisfactory or
optimum reduction in recoil, which permits the resulting upward movement of the
barrel. More particularly, the direction of the recoil forces generally coincides with
the longitudinal axis of the gun barrel. The gun barrel is generally located above the
shoulder in a person firing a rifle or above the hand in a handgun, and more precisely
above the gap between the thumb and index finger of a person firing a handgun. This
configuration generates a moment that causes the upward jerking of the gun familiar
to every user. Heavy caliber firearms and cannons experience the same upward forces
upon firing. For these and other reasons, improvements in the design and operation of

small and heavy caliber firearms and cannons are desired in the art.

[0005] The innovative approaches taken here make a more effective use of the available
energy and, in particular, recycles, as much as practicable, the wasted energy by
departing from the traditional and historical mechanisms. In one aspect, this
invention provides new solutions, mechanisms, and systems for operating the firing
action of a firearm and allows revolutionary changes in the ergonomics applicable to

firearm design and use.
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[0006] Taking into account all these adverse or secondary effects that impede the use of all
firearms, and in particular automatic firearms, in which energy is essentially wasted
beyond that necessary for propelling the projectile, the present approach is new and
innovative. In general and in one aspect, the invention is aimed at addressing the
design of a new firearm by taking advantage of available energy to help operate the
firearm and consequently minimize and/or compensate for the adverse effects and
improve control. A first innovation is the deliberate use and control of energy to
address all the adverse effects during operation. This allows one to conceive of a new
firearm design and organization, still dependable, but vastly improved. This new
approach also allows a firearm designer to address concerns and constraints as part of
a whole rather than as individual problems, so as to take into account the advantages
and interfaces between ﬁ;earm components during operation. Considering the
operation as a whole, as this invention exemplifies, allows completely new concepts
and expands the universe of designs, configurations, and mechanisms possible for

firearms.
SUMMARY OF THE INVENTION

[0007] The present invention addresses the problems and disadvantages associated with
conventional firearms and weapon systems and provides improved devices for
reducing recoil effects in a variety of firearms, cannons, and systems. Whether for
handguns, rifles, pistols, machine pistols, military rifles, or cannons, one aspect of the
invention is to reduce the amplitude or consequences of recoil and/or eliminate, for all
practical purposes, the weapon’s reactive upward jerking. The invention also’
facilitates the design and production of a moré compact weapon and/or allows
substantial reductions in the weight of the frame, which results in many new design
possibilities and improvements in ergonomics. Thus, incorporating one or more of
the many aspects of the invention into a firearm improves accuracy and/or reduces the

total weight.

[0008] One of the fundamental principles of the present invention is the transfer of
mechanical recoil forces to a direction outside of the longitudinal axis of the gun
barrel. As can be seen in each of the exemplary embodiments disclosed herein, the
transfer of forces disperses or dissipates recoil forces and thereby reduces the moment

responsible for the upward jerking characteristic of conventional firearms. For
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example, a pair of inertia blocks of substantially equal mass can be oriented such that
their respective movements in response to firing will be synchronized, equal in
magnitude, and with corresponding but opposite components of momentum oriented
outside the longitudinal axis of the barrel. The net effect is that the opposite
movement or displacement of the inertia blocks first absorbs the recoil forces and
prevents the weapon from being pushed rearward. Second, the lateral momentum of
one moving inertia block cancels the other, thereby inducing no net lateral force or
even agitation of the firearm. Thus, the portion of the recoil forces beyond those used
to operate the novel mechanisms or system of the invention is transferred in a
direction outside the longitudinal axis of the barrel and effectively disposed of by
being cancelled out, thereby significantly reducing or even eliminating the component
of recoil forces along the iongitudinal axis of the barrel that is responsible for the
reactive jerking of the weapon when fired. One of skill in the art will recognize that
the embodiments disclosed herein are exemplary and that one or more of the
foregoing principles can be applied in many variations to firearms of various calibers

and applications.

[0009] The mechanism that transfers forces can be oriented to counteract the recoil forces
along the longitudinal axis of the gun barrel to effectively eliminate or compensate for
the upward jerking of the weapon. In one particular embodiment, the invention
comprises a mobile breech made up of articulated parts including an inertia block and
a bolt head. In this embodiment, the action of the mobile breech is unconventional in
that it causes the inertia block to alternate out of and into alignment with the
longitudinal axis of the barrel. This is contrary to the action of conventional
mechanisms in which the parts that compose a mobile breech move in translation
along the longitudinal axis of the barrel. The present invention transfers the recoil
forces generated by firing to the inertia block, M, by means of a bolt head, m, moving
backward at an initial velocity, v;. In a particular aspect of the invention, for
example, this transfer of recoil forces from the bolt head to the inertia block is
preferably made using corresponding angled surfaces of the bolt head and the inertia
block. An impulse transferred to the inertia block translates to a force in a direction
other than along the longitudinal axis of the gun barrel thanks first to the
configuration of the contact surfaces, and second to the articulated parts connecting to

the inertia block, and third the path that guides the movement of the inertia block.
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The inertia block is thus imparted with a momentum, Mvy;, and the velocity vector,
vy, has a component parallel to the longitudinal axis of the gun barrel, oriented
toward the back or front of the weapon, while the other component is oriented in a

lateral direction from the axis of the gun barrel, either below or above the weapon.

[0010] Thus, the mobile breech comprises an inertia block that operates to transfer
momentum or forces generated by the firing of one or more cartridges or rounds of
ammunition to a direction outside of the longitudinal axis of the gun barrel. In a more
basic aspect, the inertia block is a component part of a firearm, or more particularly a
mobile breech, that moves in response to the force of firing and/or moves in response
to the movement of a bolt head. The inertia block or masses allows for the
absorption of recoil forces and directs those forces in the form of momentum ina
direction outside the longitudinal axis of the barrel. Throughout this disclosure, the
use of the term “inertia block” can refer either to a single or to multiple parts or
masses. The component masses of the inertia blocks may optionally serve additional
functions, such as providing armor protection to or housing components for gun or
cannon emplacements equipped with the present invention. Furthermore, the terms

“bolt” and “bolt head” are used interchangeably.

[0011] In a system where the bolt head absorbs the recoil forces directly through contact
with the spent casing of the cartridge, the bolt head is imparted with a rearward
momentum along the longitudinal axis of the barrel. When the inertia block moves in
response to the movement of the bolt head, the bolt head impulsively strikes the
inertia block, either directly or through a linkage, and the momentum of the bolt head
is then transferred to the inertia block. The bolt head is typically of significantly
smaller mass than the inertia Block or blocks. Because of the relative masses of the
bolt head and inertia block, the inertia block will move with a different velocity than
the bolt head.

[0012] Alternately, the initial impulse on the inertia block or blocks may be driven not by
direct mechanical connection to the bolt head, but by a gas injection system. In that
case, the expanding gases created by the firing of one or more cartridges are used to
pressurize a gas injection system and the pressure is selectively applied to the inertia
block or blocks to cause their movement in a direction other than along the

longitudinal axis of the barrel. In any embodiment, the inertia block or blocks serve
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the same basic function — to absorb recoil forces and/or re-direct recoil forces out of

the longitudinal axis of the barrel.

[0013] An aspect of the present invention is the use of inertia block guides to constrain the
movement that the inertia block follows to a direction other than along the
longitudinal axis of the barrel, thereby transferring the recoil forces out of the axis of
the gun barrel and reducing the reactive j erking described above. The path of the
inertia block in response to the recoil impulse leaves the longitudinal axis of the gun
barrel, thereby translating recoil forces out of this axis. Part of the space occupied by
the inertia block during its back and forth traj ebtory can be located below the axis of
the gun barrel, while the rest of the trajectory of the inertia block in its alternating
action, as well as the corresponding part of the breech block, can be situated above the

barrel axis.

[0014] The inertia block can move along a path defined by its guide. The guide canbe a
slot in a part of the firearm, or can be a rod or articulated part, or any other component
designed to allow the inertia block to move back and forth from a loaded position to
an end point of its movement. An inertia block guide can be configured so that the
movement of the inertia block in response to the impulse can be one of pure
translation or the movement can be more complex in nature. In other words, there can
be a direct connection possible between the bolt head and the inertia block that causes
the movement of the inertia block to move along its guide, or there can be a simple
linkage, such as pin rod, or there can be more complex linkages, such as multiple rods
and/or articulated parts. The inertia block’s movement in turn governs the movement

of the bolt head and/or vice versa, due to the manner of their linkage.

[0015] Inone aspect, a phase displacement can be achieved by engineering the linkage
between bolt head and inertia block with a slight play, for example in the longitudinal
direction. In another aspect, the phase displacement can be achieved through a delay
in the direct contact of the bolt head with the inertia block enabled by the shape or
configuration of the contact surfaces. The degree of phase displacement is a matter of

design option, but some phase displacement is preferred.

[0016] The recoil moment can be further controlled or managed through the positioning of

the barrel of the weapon relative to the grip or stock of the weapon. For example, a
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conventional handgun grip can be placed behind a breech block of the present
invention. In certain embodiments of the invention, the axis of the barrel is not found
above the grip, as it is conventionally in handguns, but in front of it, typically at mid-
height or at two-thirds the height of the grip. Preferably, the gun barrel axis is in line
with the forearm of the person aiming the gun and not above it, the effect of which is
to eliminate the upward jerking characteristic of the recoil response of conventional
guns. However, one can design embodiments of the invention where the barrel can be
placed below the grip or stock, above the grip or stock, or at any height relative to the
grip or the stock. In combination with the use of one or more inertia blocks, a number

of improvements in design, weight, accuracy, and recoil characteristics are possible.

[0017] The recoil control device’s components can be advantageously prepared with
comparatively large parts or large diameter spindles or rods, which simplifies
manufacture. This advantage of the present invention greatly improves the reliability
in service and the resistance to jamming by sand, mud, and other environmental |

~ contaminants and simplifies cleaning and dismantling of the firearm.

[0018] The mechanisms and aspects of the invention can be used to complement or improve
existing or conventional firearms and can be combined with various arrangements,
attachments, and combinations, including without limitation internal release systems,
loading systems, ejection systems, gas injection systems, recoil reduction systems,

muzzle brakes, sighting systems, tripods, mounting systems, and firing mechanisms.

[0019] In one general aspect, the invention comprises an improved and novel recoil control
device for use in a firearm, such as a semiautomatic or automatic firearm, in which,
for example, a bolt head is configured to alternate between a forward position and a
rearward position in response to the firing of one or more cartridges; and an inertia
block is connected to the bolt head such that the bolt head imparts an impulse to the
inertia block as it alternates between its forward position and its rearward position, the
impulse having a component, or force distribution or vectorial force component,
lateral to the firing axis of the barrel of the firearm. The force transferred to the
inertia block can be in any one of several directions and the inertia block can therefore
traverse one of a variety of paths from the impulse imparted through the bolt head,
including, but not limited to: a downward sloping, straight path toward the anterior of

the firearm; a curved or curvi-linear path; a path extending outward from the barrel; a
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path moving inward toward the barrel; and a path crossing over the barrel. The path

chosen relates to the design characteristics of the firearm desired.

[0020] Similarly, the inertia block or mass appropriate for a particular firearm relates to the
design characteristics of the firearm. In one embodiment, the inertia block comprises
a sloped or angled surface, or a leading sloped surface, that can be contacted by the
bolt head to transmit the impulse from firing. In other embodiments, the inertia block
comprises a part or parts that reciprocates between two or more positions and moves
in response to the impulse from the bolt head. Multiple inertia blocks can also be
used so that they move together in response to the bolt head. In another preferred
embodiment, the recoil control device of the present invention can be incorporated
into heavy caliber firearmrand cannon mechanisms. For example, a heavy caliber
rifle, such as a vehicle-mounted rifle or portable rifle of between .50 caliber and 105
mm, or even higher as in a 155 mm cannon, can be produced with an inertia block to

translate forces out of the axis of the barrel.

[0021] The transfer of the impulse of percussion from the bolt head to the inertia block can
be through direct contact between the two parts or through a simple or even a
complex linkage. In one embodiment, one or more pin and rod assemblies are used.
In another embodiment, a pin connected to the bolt head moves within a slot
connected to the inertia block. In other embodiments, one or more reciprocating rods

connect the bolt head to the inertia block.

[0022] For most firearms of the invention, the inertia block and bolt head are designed to
automatically return to their resting or chambered position. A variety of mechanisms
can be used to move the bolt head and/or inertia block in the return path. A preferred
embodiment employs a spring operably connected to or contacting the inertia block,
which can be referred to as the return spring. A variety of spring types can be adapted

for this purpose. Alternative return or recovery mechanisms can be designed by one

of skill in the art.

[0023] The recoil control device can be manifested as in one of the numerous Figures
accompanying this disclosure. Also, numerous embodiments and alternatives are
disclosed in the accompanying claims. In another aspect, the invention provides a

method for making a recoil control device of the invention and/or incorporating into a
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firearm a recoil control device comprising one or more inertia blocks operably
connected to a bolt head, or moving in response to other forces, in order to move in a

manner that directs momentum outside of the longitudinal axis of the barrel.

[0024] Whether for handguns or rifles, in other words pistols, machine pistols and assault
rifles, the present invention advantageously reduces the consequences of recoil and/or
eliminates, for all practical purposes, a weapon’s reactive jerking and permits a more

compact weapon for a given caliber ammunition.

Where heavy firearms are concerned, for example machine guns and cannons,
notably machine guns for land, water craft, or airborne platforms, the present
invention enables a lighter frame for the weapon and a more compact and therefore
more stowable or containable weapon. This allows moveable weapon systems to
store more ammunition per sortie. Further, this invention enables a simplified
construction for the base by diminishing the recoil tendency and dampening the stress

acting upon the platform as a whole.
BRIEF DESCRIPTION OF THE DRAWINGS

[0025] For a more complete understanding of the invention and some advantages thereof,
reference is now made to the following descriptions taken in connection with the

accompanying drawings in which

[0026] Figure 1 is a schematic of the mobile breech and the reciprocating operation of a
preferred double-angled slider embodiment of the recoil control device according to

the invention. The slider (510) and bolt (501) are shown at the chambered or loaded

position in Figure 1.

[0027] Figure 2 shows a schematic as in Figure 1, after the cartridge has fired and the bolt
(501) and slider (510) have moved backward and downward. The cartridge case can
be seen being ejected from the bolt head. The initial angle (511) or first sloped
surface of the slider can be seen in this double-angled slider configuration, where
sloped surface (512) makes up the remaining part of the slider surface in contact with
bolt (501) or bolt linkage device. The bolt or an integral part of the bolt may contact
the slider surfaces, or a linkage part or combination of linkage parts, such as rods and

pins, may contact the slider surface.
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[0028] Figure 3 shows a cutaway view of a semi-automatic or automatic handgun equipped
with a slider similar to that shown in the embodiment of Figure 1. Figure 3 also
shows a trigger (507) and trigger mechanisms connecting the trigger action to the
firing mechanism. In this view, hammer (502) has been cocked, for example, by

pulling manual cocking lever (520), and a cartridge is chambered.

[0029] Figures 4-6 show a series of cutaway views of the operation of the mobile breech

and slider in a handgun or rifle embodiment.
[0030] Figure 4 shows a cartridge chambered and the hammer (502) cocked.

[0031] Figure 5 shows the configuration of parts just after firing, where bolt (501) has
moved onto secondary sloped surface (512) of slider (510), and slider has begun

movement downward.

[0032] Figure 6 shows the configuration of parts at the end (518) of the slider movement

downward. The spent cartridge case is ejected.

[0033] Figures 7-8 show a cutaway view of an alternative embodiment, where a slider is
placed above the barrel and slides downward from a position in front of and to the

side of the breech.

[0034] Figure 7 shows the slider (707) before firing, positioned above the barrel and in front
of the bolt (701).

[0035] Figure 8 shows the slider at the end of its movement and positioned to be returned by
return device (708).

[0036] Figure 9 shows the mobile breech for another preferred embodiment of the recoil

control device, with an alternative type of action.

[0037] Figure 10 shows a longitudinal cutaway of the housing for the embodiment of Figure
9.

[0038] Figures 11-18 show the functioning of the embodiment of Figure 9. Figures 12 and
13 show the movement in response to the percussion, where a bolt head and rod act
upon the downward sliding inertia block. Figures 13 and 14 show the ejection of the

spent cartridge and compression of the return spring as the sliding inertia block
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moves. Figure 15 shows the end of the downward movement of the inertia block
Figure 16 shows the reciprocating inertia block returning to the loaded position
through the action of the compressed return spring, and where the bolt head catches
and begins to chamber a fresh round. Figure 17 shows the inertia block and bolt head
near it’s completed return. Figure 18 again shows the loaded cartridge and bolt head

and inertia block in complete rest or passive attitude.

[0039] Figure 19 is a schematic of the mobile breech and the reciprocating operation of a

preferred single-angled slider embodiment of the recoil control device according to

the invention.

[0040] Figure 20 is a longitudinal cutaway view of the housing or guide for the mobile

breech showing the path of movement for the mobile breech shown in Figure 19.

[0041] Figures 21-26 illustrate the action of a single-angled slider similar to the
embodiment shown in Figures 19 and 20. Here, the firing mechanism is

electronically powered.

[0042] Figure 21 shows, in longitudinal cutaway, the loading of a semiautomatic or

automatic handgun, as the cartridge is in position to be chambered.

[0043] Figure 22 shows the firearm of Figure 21 in closed or loaded configuration, a
cartridge chambered.

[0044] Figure 23 shows the firearm of Figure 21 after firing, the bolt head at the beginning

of its backward, recoil movement.

[0045] Figure 24 shows the firearm of Figure 21 with inertia block (slider) at the end of its

movement, the spent cartridge being ejected.

[0046] Figure 25 shows the firearm of Figure 21 during the return movement of the mobile

breech and the loading of the next cartridge from the magazine.

[0047] Figure 26 shows the firearm of Figure 21, with the loading cycle concluded, ready to

fire.

[0048] Figures 27-29 schematically show the mechanism of action of a recoil control device

of the invention.
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[0049] Figure 27 shows, in longitudinal cutaway, a device with a cartridge (D) chambered.
[0050] Figure 28 shows the embodiment of Figure 27 at the moment of firing.

[0051] Figure 29 shows the embodiment of Figure 27 at the end of the movement, the spent
cartridge case being ejected. The slider surface shown here (2082) depicts an
additional embodiment, for example, to allow a phase displacement. As explained
herein, the surface or surfaces of the slider that contact the bolt or linked to the
movement of the bolt can be selected from a number of angles, shapes, and

combinations of angles and shapes.

[0052] Figure 30 is a photograph of an embodiment of the invention enclosed in a metal

case.

[0053] Figure 31 shows an alternative embodiment of the invention, where the inertia block,

with slot for connecting to the bolt head, is seen above the barrel of the firearm.

[0054] Figure 32 shows a number of design alternatives in the configuration of a small
caliber firearm incorporating the invention. These variations show, inter alia, the
options in placing the handgrip relative to the middle of the axis of the barrel and the
design freedoms allowed by the compact and reliable operation of a firearm of the

invention.
DETAILED DESCRIPTION OF THE INVENTION

[0055] Terms such as “under,” “over,” “in front of,” “the back of the gun,” or “behind,”
“anterior,” “posterior,” “downward,” “upward,” or “transverse,” are used here as
somebody firing a gun would understand them, which is by reference to the
longitudinal or firing axis of the barrel when the gun is held in the usual horizontal
attitude. Furthermore, “firearm” as used here encompasses handguns, pistols, heavy
caliber guns, rifles, sniper rifles, guns with automatic and semiautomatic action,
mountable and portable cannons, cannons mounted on aircraft or naval vessels,
cannons mounted on armored personnel carriers or other armored vehicles, and
machine guns or cannons mounted on armored or non-armored vehicles or vessels.

Also, a force component perpendicular to or lateral to the longitudinal axis of the
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barrel refers to a vectorial component or part of a force or momentum vector directed

outside the longitudinal axis of the barrel.

[0056] In one particular embodiment, the invention comprises a mobile breech made up of
connected parts that comprise an inertia block and a bolt head. In this embodiment,
the action of the mobile breech is unconventional in that it causes the inertia block to
alternate out of and into alignment with the longitudinal axis of the barrel. This is
contrary to the action of conventional mechanisms in which the parts making up a
mobile breech move in translation along the axis of the barrel. The present invention
translates forces generated by the recoil to the inertia block, M, by means of a bolt
head, m, moving backward at an initial velocity, vi, in the instant following firing.
This transfer of recoil forees from the bolt head to the inertia block is preferably made
via contact between corresponding angled surfaces of the bolt head and inertia block.
The impulse transferred to the inertial block translates to a force in a direction other
than along the axis of the gun barrel. The configuration of the contact surfaces allows
the articulated parts to guide the inertia block. The inertia block is thus imparted with
a momentum, MVM, and the velocity vector, vu, has a component parallel to the axis
of the gun, toward the back of the weapon, and a component perpendicular to the axis

of the gun.

[0057] Inertia block guides can be configured so that the movement of the inertia block in
response to the impulse can be one of pure translation or more complex in nature.
The inertia block’s movement in turn governs the movement of the bolt head, due to

the manner of their linkage.

[0058] In one aspect, the present invention in particular allows two parameters to be varied:
the ratio between the mass of the inertia block and the bolt head, and the angle
between movement of the inertia block and the axis of the gun. As discussed more
particularly below, the angles formed by parts of the mobile breech can be
manipulated to optimize recoil reduction, firing rate, and other operational
characteristics in a variety of firearm styles and sizes. Control or variance of such
factors is not typical of present firearms technology. The recoil control device
notably enables construction of automatic firearms of particular compactness for their

caliber.
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[0059] As shown in the some of the embodiments of the Figures, the trajectory of the inertia
block leaves the longitudinal axis of the gun barrel. In one of many optional
configurations, part of the space occupied by the inertia block during its back-and-
forth trajectory is located below the gun barrel, while the rest of the trajectory
described by the inertia block in its alternating action, as well as the corresponding

part of the breech block, is situated above the barrel axis.

[0060] The positioning of the barrel of the weapon relative to the grip or stock of the
weapon can effectively allow one to manage part of the recoil moment. For example,
a conventional handgun grip can be placed behind a breech block of the present
invention. In one embodiment of this invention, the barrel is not found above the
grip, as it is conventionally in handguns, but in front of it, preferably at mid-height or
at two-thirds the height of the grip. Preferably, the middle of the gun barrel axis is in
line with the middle of the forearm of the person aiming the gun and not above it, the
effect of which is to eliminate the upward jerking characteristic of the recoil response
of conventional guns. As described in this invention, the placement of the barrel
relative to the height of a grip, if a handgrip is used, can vary, but it is preferably
placed at about 5% to about 95% of the height of the grip, or about 40% to about
80%, or about 50% to about 70%, or about 60% to about 70%. As stated herein, any
particular configuration of the axis of the barrel relaﬁve to the grip or stock can be

selected.

[0061] For semiautomatic or automatic handguns and/or rifles, the present invention
preferably uses the handgrip as part of the housing for the inertia block and return
device or spring, and this arrangement substantially eliminates the upward jerking of
the gun from recoil. However, as shown in the F igures and described here,
embodiments of the invention encompass heavy and light machine guns and cannons

as well as handguns. Thus, handgrips are not required.

[0062] Other characteristics and advantages of the invention will be apparent to those
skilled in the art from the description of embodiments designed specifically for

handguns and of embodiments designed for heavy automatic weapons and cannons.

Exemplary Small Caliber Firearms and Handguns
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[0063] The following discussion addresses optional features and design factors one of
ordinary skill in the art may employ in producing a smaller caliber firearm. Nothing
in this discussion should be taken as a limitation to the scope of the invention and the
parameters defined here are merely examples of the many embodiments possible.
While the optional features and design factors of the smaller caliber firearm noted
here can also be used with heavy caliber firearms, typical firing conditions may make

the discussion below more appropriate for smaller caliber firearms.

[0064] A variety of configurations can be used to produce a recoil control device in small
caliber firearms. As noted above, the preferred embodiment comprises a bolt head
operably linked to an inertia block so that the bolt head imparts an impulse to the
inertia block upon firing the firearm. In the small caliber embodiment, the inertia
block can be referred to as a “slider” since it can be designed and produced as a
sliding mechanism that travels in a fixed path. The selection of the weighi, shape, and
path of the slider will depend on a number of design factors, including, but not
necessarily limited to: the desired placement of the barrel relative to the handgrip or
stock, the part of the frame that is stabilized by a person firing the firearm, or the part
of the frame connecting the firearm to a tripod or other support device; the degree of
recoil reduction or counteracting of the upward jerking recoil forces desired; the
barrel length; the weight of the bolt head; the weight of the firearm; the presence or
absence of a muzzle brake; and, of course, the ammunition used in the firearm. One
of skill in the art can routinely measure the recoil characteristics of any selected
design in order to modify one or more of the design factors noted here to achieve a

particular result.

[0065] For any particular path for the slider, for example, the weight can be designed to
effectively eliminate the upward jerking recoil forces. In a simple and preferred
design, a single slider with a slider path is chosen, where the slider path forms a
straight line downward from the barrel at a certain angle (referred to as B in Figure 20,

' for example) relative to the longitudinal axis of the barrel, in preferred embodiments
for a .45 caliber firearm set between 30 and 36 degrees. A second angle (referred to
as o, in Figure 19, for example) is formed by the slider path and the sloped surface of
the slider that initially contacts the backward-moving bolt or linkage to the bolt. This

angle can be varied to select an optimum firing rate of the firearm. In an embodiment
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of the Figures, an oblique slot is designed to accept a transverse spindle or pin that
connects the bolt head to the slider to impulsively transfer the recoil forces ina
direction lateral to the longitudinal axis of the barrel. The optimum value for this
second angle depends primarily on the caliber of firearm chosen. Angles less than six
degrees result in mechanical limitations to the unassisted movement of the slider in
reaction to the bolt head. Angles greater than 45 degrees will reduce the effectiveness
of the counteracting forces that control the upward jerking movement, but can be
selected nonetheless. An angle ranging from about 36 to about 37 degrees allows a
firing rate of approximately 900 rounds per minute with .45 caliber ammunition.
Preferred ranges of this angle can be selected from about 20 degrees to about 45
degrees. As noted herein, the slider can comprise a double-angle configuration, so
that an initial angled surface contacts the bolt or linkage to the bolt, while a second
angled surface contacts the bolt or bolt linkége for a majority of the contact area. It is
the angle of the initial angled or sloped surface that is used to calculate the angle a.
(alpha) in the invention. Generally, one will select a higher angle (i.e. an angle closer
to a perpendicular line from the gun barrel) of this initial angle of the slider with a
high energy round. Some rounds, for example 9 mm rounds, may not use a double-
angle configuration in the slider or may use an initial angle that is parallel or close to
parallel to the gun barrel in order to generate more speed to transfer recoil energy
from the bolt to the slider. The shape of the surface or surfaces of the slider can also
vary, so that rounded areas, angled surfaces, or combinations of the two, for example,
can be selected. Thus, depending on desired product features, a straight slider path
and an unassisted slider movement, a preferred angle can be selected from an angle
greater than 6 degrees to an angle of less than about 40 or about 45 degrees. As
described below, a double-angled slider with two slopes in the slot of the slider
alternatively can be used to allow the designer to vary the rate of fire and to reduce
the mass of the slider for a given caliber ammunition. Also, a decreased weight of the

bolt can increase firing rate.

[0066] Preferably, the slider path is concealed within the body of the firearm in a part or
mechanism that can be referred to as a “guide,” “receiver,” or “path.” Whether or not
concealed, the guide can be designed so that the slider can be fit into the slider path
and linked to the bolt head by hand, to facilitate cleaning and maintenance of the

firearm. While not required, a linking part can be used to translate the impulse from
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the percussion of a chambered round from the bolt head to the slider. A simple pin
and/or rod can be used, for example. Preferably, some play in the movement of the
slider can be designed in either the selection of the linking part or its connection to the
slider or the bolt head. This play can facilitate the rapid removal of spent rounds
and/or loading of new rounds. The recoil spring can also be selected for a particular
slider weight and rate of fire characteristics desired. One of skill in the art can
determine the type of spring configuration or slider return device for a particular

embodiment.

[0067] Of course, a firearm incorporating or using the devices or methods of the invention
can also be combined with any known firearm modification or control devices or
systems available. For example, a counterpoise system can be used, a muzzle brake,
recoil pads, and gas injection systems can be incorporated into a design, either
individually or in any combination. In comparison to alternative or previous recoil
control devices, such as the counterpoise or any of a number of spring systems on
handguns and rifles, the recoil control mechanism of this invention provide vastly
improved characteristics. A direct comparison of the upward movement of the end of
the gun barrel after firing a high powered .45 caliber round shows that the firearm
incorporating the invention results in very litle or no measurable upward movement.
This result is also demonstrated by the pattern of rounds into a target in automatic
firing, where there is no upward drift when the mechanisms or methods of the
invention are used. A conventional firearm displays marked and measurable upward
movement of the barrel on firing. Existing recoil control devices can perhaps reduce
recoil to a level equivalent to a muzzle brake. The improvement afforded by the
devices and methods of the invention are significantly greater. For example, about a
50% reduction in recoil as measured by upward movement of the barrel, or about 50-
60% reduction, or about 60-70% reduction, or about 70-80% reduction, or about 80-
90% reduction, and even, depending on the design, a 90-100% reduction in upward

movement upon firing.
Exemplary Embodiments in the Figures

[0068] Having generally described the invention above and the design factors one can
consider, what follows refers to specific embodiments of the Figures and Examples.

As noted previously, the invention is not limited by the scope of the embodiments
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listed, the Figures, or the Examples. Rather, one of skill in the art can employ the
principles and examples to design, make, and use a number of embodiments not

specifically shown here that are fully within the scope of the present invention.

[0069] Figures 4-6 show a cut-away view of the internal parts and the operation of the
system in an exemplary embodiment. In Figure 4, a cartridge is loaded and
chambered in the barrel, with bolt (501) holding the cartridge securely. The bolt is
designed to allow the hammer assembly (502) and more particularly the striking
surface of the hammer (503) to rotate through a slot to cause the cartridge to fire. At
the point shown in Figure 4, however, the hammer is in a cocked position so that a
notch (503) on the axial portion of the hammer is engaged by the cocking lever (506).
The hammer spring (505)-provides forces to rotate the hammer. Trigger (507), which
is held in tension through trigger spring (508), can be pulled to initiate operation of
trigger mechanism and firing of cartridge. Pulling trigger (507) forces rocking lever
(509) to move, which rotates hammer so that striking surface of hammer (503) is
moved further away from cartridge. The cocking lever then rotates and disengages
from notch on axial surface of hammer (504). The hammer rotates on axis around its
pin (515) allowing striking surface (503) to move through slot on top of bolt to fire

chambered round.

[0070] Figure 5 shows the configuration just after firing. The bolt (501), with cartridge case
held in place and in contact with bolt, begins movement backward. Initial sloped
surface (511) of slider (510) can be seen as bolt moves into contact with second
sloped surface (512) of slider. Bolt contacts hammer and causes hammer to rotate
around pin (515), now rotating in the opposite direction compared to the firing
configuration just described. As end section of bolt in contact with slider moves
toward backward-most end of slider, slider moves downward along a guide or path.
The guide or path can be integrally formed as part of frame of the firearm, or
optionally, guide or path can be an internal part of firearm. The hammer contacts
separator (513) and separator rotates to engaged position on a second notch (514) on
axial surface of hammer. If the trigger remains in pulled position, cocking lever (506)
remains up so that it does not engage notch (504). The bolt tilts as it moves back
(Figure 6) so that ejector (516) and extractor (522) displace cartridge case from bolt

and the projections on bolt (519). Slider moves downward to redirect recoil forces
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and counteract upward jerk of barrel. Figure 6 shows bolt and slider at end of
movement (518). Bolt and slider can be formed with one or more projections or
tenons that are designed to move along or in paths defining a range of motion. A
recoil spring or return device, not shown, forces slider up guide or path. Slider, in
connection with bolt, pushes bolt upward and forward to engage next round from
magazine. Bolt with engaged cartridge moves into chambered position for firing.
Slider surface (512) contacts separator (513) to disengage separator from second
notch (514) on axial part of hammer assembly, freeing hammer to again rotate on axis
around its pin (515), allowing striking surface (503) to move through slot on top of

bolt to fire chambered round.

[0071] The operation just described is for automatic action. Semi-automatic, burst firing,
and single round action can also be designed using available devices and technology.
For semi-automatic action, a second cocking lever, with cocking lever spring, can
engage a separate or existing notch on axial surface of hammer to catch hammer
before it rotates down to fire cartridge. Thus, after each cycle of the slider and bolt,
the second cocking lever for semi-automatic will prevent automatic firing and allow
only one round to fire per trigger pull. One of skill in the art can adapt the cocking
lever or add an additional cocking lever so that it engages a notch on the axial surface
of the hammer after each time the hammer moves backward after firing. The cocking
lever used for the semi-automatic action can be connected to a switch on the frame or
a switch extending through the frame so that the operator can select between semi-
automatic or automatic action. The switch effectively places the appropriate cocking
lever in connective position with the notch on the hammer, or allows repeated firing
throﬁgh the movement of the separator. A burst firing mechanism can also be
adapted, as known in the art, so that a certain number of rounds are fired

automatically.

[0072] Additional safety options can also be implemented, as known in the art. For
example, the handgrip and trigger, or handgrip and part of the trigger mechanism, can
be designed to separate from the frame in order to prevent firing of the firearm. The
handgrip and trigger components can further be equipped with personal security

devices so that only designated users can assemble or operate the firearm.
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[0073] Figure 3 shows a cutaway view of the same embodiment of Figures 4-6, except that
an optional manual cocking lever (520) extends through the bottom of the frame. In
the position shown in Figure 3, the separator (513) is engaged in the second notch on
axial surface of hammer (512), and the slider (510) is in position to contact separator
from below to disengage it from notch (514) and release hammer (502) so that
striking surface of hammer can fire cartridge. At top of handgrip (523) optional pins
for connecting and quickly removing handgrip and part of trigger mechanism can be
seen. Here, slider is linked to bolt (501) through pin (not shown) extending through
slot (517) in slider.

[0074] Figures 1-2 show schematically a double-angled slider (510) and its movement in a
receiver of guide. Bolt (501) is linked to slider and initial surface of slider (511) and
second sloped surface of slider (512) are visible. In Figure 2, the spent cartridge case

is being ejected from bolt head.

[0075] While the embodiment of Figures 1-5 can be used for a handgun, the same
mechanisms can be adapted for a rifle. Additional options can be incorporated to
either the handgun or rifle. In one example, which can be suitable for .308 caliber
ammunition, a gas injection system can be incorporated. Further, as shown in Figures
7-8, the slider can be positioned in other areas of the firearm. Figures 7-8 show a
slider positioned above the barrel and in front of the bolt. In Figure 7, bolt (701) is in
loaded position at chambering end of barrel (702). A trigger mechanism (703) causes
hammer (704) to fire cartridge. The gas injection system (705) forces pressurized air
through tube (706), which initiates movement of bolt (701) back and slider (707)
down path defined by return device (708). Typically, a spring is used as the return
device. Movement of the slider down its path redirects recoil forces and virtually
eliminates upward jerking of the barrel upon firing. Slot (709) in slider connects with
initial gas impulse transferring mechanism (not shown). Either a single-angled or
double-angled slider can be selected, or indeed, a multiple-angled slider or slider with
multiple shapes on its surface. Here, a single-angled slider is shown in Figure 8 and
the lower end of slot (709). In Figure 8, the slider (707) has moved to its downward-
most position. Feeding lock (710) releases next round from magazine (711), which
can be chambered by bolt (701). As in Figures 1-5, the firing action can be single-

shot, semi-automatic, burst firing, or fully automatic. In addition, with this and other
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embodiments herein, an electronic or other non-mechanical firing mechanism can be

used.

[0076] As shown in Figures 7-8, the placement of the handgrip (713) relative to the middle
of the axis of the gun barrel (712) can take advantage of reduced interior clutter the
new recoil devices allow. For handguns in particular, the handgrip is positioned
below the middle of the axis of the barrel. This exacerbates recoil effects and adds to
the reactive upward jerking upon firing. In firearms of the invention, as shown for
example in Figures 7 and 8, the handgrip can be positioned at a point where the
middle of the axis of the barrel intersects a line at approximately 70% of the height of
the handgrip relative to the top of the handgrip. In the embodiment of Figures 3-6, the
middle of the axis of the barrel intersects the handgrip at approximately 50% of the
height of the handgrip. The range of possible positions for the handgrip relative to the
middle of the axis of the barrel can vary by design factors or by the desired recoil
control characteristics. In a preferred embodiment, the handgrip is positioned so that
the axis of the gun barrel is in line with the middle of the wrist, or positioned at a line
formed by the middle of the arm through the middle of the wrist of the operator
holding the handgrip. Alternatively, the middle of the axis of the barrel can intersect
the handgrip at a range of positions, for example from about 10 to about 30% of the
height relative to the top, from about 30 to about 50% of the height, from about 50 to
about 70% of the height, from about 70 to about 90% of the height, or about 5 to
about 95% of the height. In fact, the middle of the axis of the barrel can even be
below or above the handgrip. In addition, other parts of the frame can be modified to

allow both hands to grip the firearm. Figure 32 shows a number of examples.

[0077] Figure 1 is a schematic of the mobile breech and the reciprocating operation of a
preferred double-angled slider embodiment of the recoil control device according to
the invention. In Figure 2 the slider is at the lowest end of its cycle and the bolt head
is at the back-most end of its cycle. Figure 1 shows the same slider embodiment at its
closed position, where the slider is at it upper end of its cycle and the bolt head is
furthest forward.

[0078] In Figures 1-29, the mobile breech comprises bolt head and inertia block. As noted
above, in a handgun or other embodiment of the invention, the inertia block can be

referred to as a sliding mechanism or a “slider” and these terms are used
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interchangeably. The slider can take various forms, for example a trapezoid, but
many other forms and shapes are possible. The slider is articulated with the bolt head
close to its rear extremity, optionally by a transverse spindle, which can take the form
of a machined tenon or pin on the bolt head projecting on either side. The bolt head
can have a second tenon or pin, also projecting on both sides, in its foremost section
that engages a guidance ramp to guide the cyclic path of bolt head. In this preferred
embodiment, the performance of a semi-automatic or automatic firearm can be
improved by using a double-angled slider, characterized by an oblique slot (517 in
Figure 3), comprising two sloped surfaces (511 and 512 of Figure 6 or Figure 2). The
length of each sloped surface can vary. The forward-most sloped surface engages the
bolt head or bolt head articulation mechanism when the round is chambered and/or
when the bolt head is locked, so that the bolt head is prevented from moving
backward (the configuration of Figure 1 and 4, for example). While not required, the
double-angled slider can perform more reliably in preventing the bolt head from
moving than a slider having a single sloped surface. Also shown in Figures 3-8 isa
trigger mechanism in operating linkage to the hammer, which strikes the cartridge on
the bolt or contacting the bolt. Conventional mechanisms can be adapted for use with

the invention or in designing a firearm.

[0079] As shown in the figures, it is preferred to use large parts and integrated pins and
receiving slots so that assembly, cleaning, and maintenance characteristics are
improved. However, other operating or triggering mechanisms can be used with a
firearm of the invention. One of ordinary skill in the art is familiar with the selection
and use of a variety of triggering mechanisms for a variety of ammunition sizes and

types, including those that can accommodate multiple sizes of ammunition.

[0080] The action of the mobile breech and bolt head can be controlled within its movement
to appropriately chamber and eject successive rounds. As shown in the Figures 4-6
and 11-18, for example, the bolt head tilts relative to the barrel. At a point near or at
the end of its backward and downward movement, the spent round is ejected using a
conventional ejector and extractor devices. As the magazine pushes the next round
toward the barrel, here the magazine pushes upward but other directions can be

selected depending on the placement of the magazine with respect to the barrel, the
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forward moving bolt head catches the end of the cartridge and inserts the round into

the chamber.

[0081] In Figures 7-8, a configuration designed preferably for a .308 caliber or 7.62 NATO
round is shown. The slider (707) here is positioned above and forward of the bolt
head (701), and the cycle action takes the slider through a downward and upward
trajectory. The slider and bolt head articulating mechanisms are located above the
bolt head to conserve space for a magazine below the barrel. However, optional
designs configurations can also include slider and bolt head articulating mechanisms
below the bolt head, to allow for magazines on the top of the barrel or above or to the
side of the barrel. In the embodiment of Figures 7-8, a safety clip or feeding lock
(710) is optionally included to prevent loading or firing of rounds at other than the
desired time. The safety clip (710) moves in response to the cartridge and clips the .
top edge of each cartridge. These Figures also show a triggering mechanism. As
before, the layout and design of the triggering mechanism can be selected from many
available options and one of ordinary skill can devise an appropriate or preferred
triggering mechanism. Figure 7 shows the round chambered and locked, with the
slider (707) at its utmost position. After firing, the slider moves to its fully displaced
position (Figure 8), partially or largely below the barrel. The slot (709) for
connecting the slider to the bolt head can be seen in both Figures. In Figure 8, the

optional double-angled surface of the slider is visible.

[0082] In a preferred embodiment, the performance of a semi-automatic or automatic
firearm can be improved by using a double-angled slider. As shown in Figures 3-6,
the rear edge of slider (510) has a pair of lateral flanges extending from either side of
the slider and positioned to slide in the guidance grooves of the guide or receiver.
The guidance grooves have a slope relative to the axis of the barrel, which presents an
angle (B), shown in Figure 20, and preferably set between 30 and 36. In Figure 19,
the slope of the parts shown presents an angle (), the variance of which changes the
firing rate of the firearm. The angle (o) preferably is between 24 and 36 degrees. For
a .45 caliber embodiment, an angle (o)) of about 36 to about 37 degrees allows a firing
rate of approximately 900 rounds per minute. An angle (o) of approximately 32.5
degrees can correspond to a firing rate of approximately 2000 rounds per minute.

There is a practical minimum value for angle (a) below which mechanical blockage
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occurs and little or no articulation is possible. This minimum angle is a function of
the power of the ammunition used, and is approximately 6 degrees for the standard
45 ACP ammunition of the Examples below. The use of two slopes in the slot or
surface of the slider allows the designer to vary the rate of fire, to reduce or alter the
mass of the slider, or reduce or alter the mass of the bolt for a given caliber

ammunition.

[0083] Figure 9 shows the mobile breech, which consists of bolt head (103), pin rod (104)
and inertia block (102). The pin rod (104) preferably is joined to the bolt head (103)
close to its rear extremity by means of a transverse spindle (108) projecting on both
sides of bolt head (103). The front of the bolt head preferably has a transverse stud or
linking-pin (113) also projecting on both sides of bolt head (103). The pin rod (104)

. preferably is articulated in proximity to its second end by a transverse stud or spindle
(109) with the forward part of the inertia block (102). The transverse stud (109)
engages a longitudinal groove (114) in the pin rod (104). Figure 9 shows the mobile
breech in extension, with transverse stud (109) in the back of groove (114). The bolt
head (103) and the inertia block (102) may or may not be in contact. Inertia block
(102) and bolt head (103) present complementary sloping contact surfaces (P102 and
P103, respectively), which preferably are separated somewhat by some minor play
engendered by groove (114). When stud (109) slides in groove (114), the surfaces of
the bolt head and the inertia block make contact at their sloped ridges, (P102 and
P103), which are parallel.

[0084] The inertia block (102) is generally cylindrical and oblong in form. In the back is a
recess (115) in which is fitted a reset spring (111). The tip of the spring bears a part
(117), which slides at compression and links with the bolt housing. The inertia block
has longitudinal flanges (116) on either side designed to fit the housing’s guidance

slots.

[0085] This mechanism fits within the breech housing (120) shown in cutaway in Figure 10,
the general “V” form of which creates a cavity also in “V” shape, with two arms, C
and Cy. The breech housing at its forward extremity supports the gun barrel (154) and
receptacles for a magazine underneath (118). It has an ejection slot (119) situated in
the top of this embodiment. Alternately, the slot could be located laterally without

prejudice to the performance of the mechanism.
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[0086] As illustrated in Figure 10, each side of the casing preferably has a guidance ramp
(106) in “V” shape in the form of a groove accommodating the respective projections
of the spindles (108 and 109) articulating the bolt head (103), with the pin rod (104)
and with the inertia block (102), as well as the extremities of stud (113) and flange
(116). The head of the V of the ramp is rounded.

[0087] Figures 11 to 18 show the movement of a pistol equipped with a moment control
mechanism similar to that shown in Figures 9 and 10. The trigger, percussion and
ejection mechanisms are not shown to simplify the drawing. To the extent not
described herein, triggering, percussion, and ejection may be accomplished by

conventional methods well known to those skilled in the art.

[0088] Figure 11 shows the eml;odiment of Figure 9 with bolt closed. A round is
chambered. The bolt head (103) is in its position preceding percussion. The trigger
has been pressed and the cartridge is on the point of being struck. Note that the
mobile breech is extended with the transverse spindle (109) linking inertia block (102)
and pin rod (104) in the back of the oblong slot that houses it. However, in this
angular configuration, the bolt head (103) and the inertia block (102) are separated
only by a very slight play.

[0089] In Figure 12, the cartridge has been struck, the round has left the gun and the spent
case moves back and pushes against the bolt head (103). In turn, the bolt head (103)
moves backward along the axis of the barrel and strikes the inertia block (102), which
rapidly translates from its initial forward position to its aft most position in the butt of
the gun as shown in Figures 10-12. In Figure 13, the first movement of the bolt head
(1035 is a translation backwards and the movement of the inertia block (102) is a
slanted translation towards the lower sector of the gun, while the trajectory of the pin
rod (104), guided by the top of the “V” of the ramp, is deflected around the curve of
the V. At this stage, the spindle (109) slides in groove (114). The pin rod (104)
exerts no force on the inertia block (102) and does not pull on the bolt head (103).
The extensions of transverse spindles (108 and 109) constrain the movement of the

spindles to follow the curved path of guidance ramp (106).

[0090] The slopes P102 and P103 initially slide against each other, imparting an impulse
from pin rod (104) to inertia block (102), then separate.
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[0091] In Figure 14, the inertia block (102) is continuing its translation downward. It pulls
on the pin rod (104) and the bolt head (103). The mobile breech is extended. The

spent case is forced backward by the ejection mechanism in familiar technique.

[0092] As the mobile breech continues its displacement in extension, the spindles (108) and
(109) go over the rounded “V”’ of the guidance ramp (106) and the trajectory of the
bolt head (103) is deflected downward.

[0093] In Figure 15, the mobile breech is back as far as it can go. The recovery mechanism
(111), shown here as a return spring, has absorbed the maximum of recoil energy.

The spent case is being ejected conventionally.

[0094] In Figure 16, the case has been ejected and the mobile breech is returned forward by
the return spring. Due to its shape and orientation, the pin rod (104) is thrust up
against an edge (122) of the inertia block (102) and holds the mobile breech in
extended position during this phase of its return. The bolt head (103) extracts a new

round from the magazine in a manner familiar to those skilled in firearms technique.

[0100] The mobile breech’s movement forward continues as illustrated in Figure 17. When
the spindle (108) goes over the rounded top of the guidance ramp, the orientation of
the pin rod (104) changes, so that it is freed from the edge (122) of the inertia block.
The spindle (109) slides forward in the slot (114) and the mobile breech recovers its

compact configuration while bringing another round in line with the barrel.

[0101] In passing from the stage shown in Figure 17 to the phase shown in Figure 18, the
cartridge is chambered under pressure by the bolt head (103). It is in direct contact
with the inertia block via sloped surfaces (P102 and P103), which slide over each
other as the spindle (109) slides in the slot (114). The parts of the mobile breech have
regained the configuration of Figure 11.

[0102] In Figures 11 to 18, the moving parts act within a closed casing. The user is not in
contact with critical moving parts, cocking lever or other components of the
mechanism. This approach allows use of space normally neglected in pistols or in
machine pistols having the magazine placed in front of the bridge, namely, the butt.
The mechanism here described also enables reduction of the length of the bolt

housing.
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[0103] In yet another preferred embodiment, Figure 19 shows the mobile breech, which
comprises bolt head (103) and inertia block (102). The inertia block (102) is
articulated with the bolt head (103) close to its rear extremity, preferably by a
transverse spindle (109), which can take the form of a machined tenon on the bolt
head projecting on either side. The bolt head has a second tenon (110), also
projecting on both sides, in its foremost section that engages guide ramp (106) to
guide the cyclic path of bolt head (103). The spindle (109) can slide within the
oblique slot (208) housed in the anterior section of the inertia block (102). Figure 19
displays the mobile breech in a position corresponding to the one at percussion: the
spindle (109) is in the forward-down extremity of the slot (208). The slot (208) of the
inertia block (102) has, one turned toward the other, two parallel lateral slopes (111
and 112) of the same pitcﬁ (P1), separated in order that the spindle (109) lodges with
slight play in the direction of the gun barrel’s axis. When the spindle slides in the slot
(208), the bolt head (103) alternately makes contact with either the backward lateral
slope (111) or the forward lateral slope (112) of the slot (208).

[0104] The inertia block (102) i)referably has the form of a trapezoid. In a handgun or small
caliber embodiment, the inertia block can be referred to as a sliding mechanism or a
slider and these terms are used interchangeably herein. As shown in Figure 19, the
full length of the rear edge of inertia block (102) has a pair of lateral flanges (107)
extending laterally from either side of the inertia block (102) and positioned to slide in
the guidance grooves (105) of the breech block, as shown in Figure 19. Guidance
grooves (105) have a slope (P2), which presents an angle (), shown in Figure 20 and
preferably set between 30 and 36 degrees in relation to the axis of the barrel. In the
conﬁguration shown in Figure 22, the flange (107) also has a slope (P2) in relation to
the axis of the barrel, which itself is horizontal. The flange (107) of the slope (P2)
and the longitudinal axis of the slot (208), with slope (P1), present an angle (),
which is preferably between 24 and 36 degrees.

[0105] The recoil energy recuperation mechanism is shown in Figure 19 to the right of the
inertia block (102). The recuperation mechanism includes a cocking léver (115) with
aring (114) to enable manipulation. The cocking lever (115) is hollow and forms a
sleeve for the return spring (116). The spring (116) is turned around arod (117). The

cocking lever (115) slides over it in compressing or extending the return spring (116).
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The rod (117) is linked with the upper end of the breech block viaring (118) at fitting
(150). A lug (119) on the cocking lever (115) manipulates the inertia block (102)
conventionally. At the forward extremity of the Y (C1), a stud (151) is provided to

anchor the trigger mechanism.

[0106] This mobile breech and recuperation mechanism operate within the breech block
(101) as shown in cutaway in Figure 20, its form preferably roughly that of the letter
Y, having three arms, C1, C2, C3, and creating a guidance ramp (106) in roughly the
form of the letter V.

[0107] Figure 20 shows, on each side of the breech casing, a guidance ramp in the form of a
“\/” in a groove (106), which accommodates, respectively, the extremities of the
spindle (109) which articuvlate the bolt head (103) with the inertia block (102), as well
as the extremities of a tenon (110), which guides the forward end of bolt head (103).
The head of the V of the guidance ramp (106) is rounded. The front arm C1 of the
breech casing bears the forward section (106a) of the groove (106), which is arranged
in the extension of the axis of the gun barrel, and the rear arm, C3, of the breech
casing bears the rear section (106c) of the groove (106). Rear section (106¢) features
a slope (P2) in relation to the barrel’s axis, which presents an angle (B) between the
axis of the rear section (106c) and the axis of the barrel, preferably between 30 and 36
degrees. Each side of the breech block also features a groove (105), which is
substantially parallel to the section at (106¢) of the groove (106), and set to
accommodate a flange (107) of the inertia block (102), which extends from section

(C3) into the upper Y (C2) of the breech block.

[0108] In Figures 21 to 26 illustrate the functioning of a semiautomatic or automatic
handgun equipped with the recoil control device shown in Figures 19 and 20.
Sighting, percussion and ejection functions, are not shown in order to ease

understanding of the recoil control device.

[0109] The bolt head (103) preferably contains the percussion device. Figures 21 and 26
show the top of the hammer lug (141) projecting over the head of the bolt head (103).
The technique governing the action of the hammer and its integration with the internal
release are conventional. Figures 21 to 26 also show an optional infrared sighting

device (123) mounted on the barrel and a battery (124) housed in the handgrip (125)
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to service it. The gun barrel (154) and the infrared sight (123) are contained within a

sleeve for protection.

[0110] At its forward extremity, the breech block (101) supports the barrel (154). An
ejection slot preferably is laterally placed and fitted with receptacles for a magazine

below.

[0111] As shown in Figures 21 to 26, the breech block and the mobile breech are integrated
into an exterior housing offering a minimum of exposed moving parts. The recoil
energy recuperator is housed at the back of arms C2 and C3 of the breech block. A
grip is located behind the recuperator that preferably is linked with the housing
enclosing the breech block, both by lower arm (142), and upper arm (128). The grip
(125) contains a safety le\;er (129) and the automatic or semi-automatic switch (130).
The firing device (131) is preferably located in the part of the housing (128) that links
the upper portion of the grip with the breech lock. The principal internal trigger (135)
and the automatic internal firing release (132) are located in front of firing device
(131) and are articulated at the upper extremity of the C1 arm of the breech Block at
stud (121). The functioning of these parts is conventional. Their placement in the

overhead portion of the housing is specific to the embodiment of Figures 19-26.

[0112] In Figure 21, the cocking lever (115) has been pulled. The inertia block (102) has
been forced downward by the intervention of Jug (119), causing the bolt head (103) to
move backwards. The spindle (109) and the tenon (110) have moved into position
respectively on either side of the round comer (106b) of the V groove (106). When
the qocking lever (113) is pushed back, it forces the mobile breech forward by the lug
(119). The bolt head (103) loads a round in the chamber in the usual way.

[0113] Figure 22 shows the embodiment of Figure 21 with the breech in closed position. A
round is chambered. The bolt head (103) is in the pre-percussion position. Hammer
lug (141) of the hammer is socketed in an indentation of the principal tumbler (133).
The trigger can be actuated and the cartridge struck when the gun has been taken up
and the safety catch is released. The inertia block (102) of the mobile breechisina
forward-up position, with at least an upper portion of the inertia block in position
above the axis of the gun barrel. The transverse spindle (109) linking inertia block
(102) and bolt head (103) is positioned in the forward-down (208a) portion of the
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oblong slot (208) of the inertia block (102), which houses it. In this configuration, the
rear extremities of the bolt head (103) and the inertia block (102) are separated only
by a slight margin of play.

[0114] In Figure 23, the cartridge has been struck, the bullet has exited the barrel (154) and
the spent case starts backwards and forces back the bolt head (103). At the instant of
its recoil, it strikes the inertia block (102), causing it to descend at high speed to the
rear zone of the breech block cavity guided by grooves (105). The initial movement
of the bolt head (103) is a translation backwards, tenons (109 and 110) being guided
in the forward arm (106a) of the V of guidance ramp (106), while the movement of
the inertia block (102) is a sloped translation (P2) towards the lower part of the gun,
guided by rails (105). During the displacement, the spindle (109) slides in the slot
(208) toward the rear-up extremity (208b) of slot (208). |

[0115] The surface (111).of slot (208) and spindle (109) make contact momentarily,
impulsively transferring the recoil forces and momentum from spindle (109) to inertia
block (102) and then separate. The bolt head (103) is then pulled toward the back of
the gun by the inertia block, to which it has transmitted the recoil energy, with spindle
(109) sliding to side (112) of slot (208). The spent case is pulled backward in

conventional ejection technique.

[0116] As the mobile breech pursues its displacement towards the back of the gun, the
spindle (109) goes over the rounded top (106b) of the V of the ramp. The trajectory
of the bolt head (103) curves toward the bottom of the gun.

[0117] In Figure 24, the mobile breech has reached its final position at the back of the
weapon. The return spring (116) has absorbed the maximum energy generated as

recoil. The spent case is being ejected in conventional action.

[0118] In Figure 25, the spent case having been ejected, the inertia block (102) moves
upward along groove (105) under the influence of the force of the return spring (1 16),.
ultimately returning the bolt to its initial pre-percussion position. When the spindle
(109) reaches the rounded summit (106b) of the guide ramp, in the V, the orientation
of the bolt head (103) alters to the horizontal. The bolt head (103) extracts a new
cartridge from the magazine to feed the chamber in a conventional movement.

During its displacement toward the front of the mobile breech, the spindle (109) slides
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in the slot (208) towards its forward-down limit (208a), pushed by the side of the slot
(111).

[0119] Between the phase depicted in Figure 25 and that shown in Figure 26, the hammer is
cocked and the new round is chambered under pressure exerted by the bolt head. The
recoil control device regains the same configuration as that shown in Figure 21.
However, if the safety catch and the trigger are released, and the gun is set to fire in

bursts, the following bullet fires automatically.

[0120] Figures 21 to 26 show that the assembly of moving parts is confined in closed

housing. The user thus is not in contact with proj ecting, moving parts.

[0121] Figures 27, 28 and 29 illustrate a preferred embodiment of the moment control
mechanism in which the movement of the slider is no longer one of pure translation
but of translation to which is added an oscillation at the instant of recoil. With this
treatment, the slider’s movement exploits the same guide groove as the bolt head and

a pressure roller located behind the slider.

[0122] As shown in Figure 27, the gun has a breech block, (201), in inverted V form, which
has a guide rail (206), also in V form in the mass of the side of the breech head. The
bolt head (203) slides in the rail (206) by means of tenons (209) and (210), as in the
embodiment of Figures 19-26. The bolt head (203) is articulated with slider (202) by
tenon (209), which engages oblong slét (208) in the forward edge of the slider (203).
The forward-down extremity of slot (208) has a skewed extension (2082) with a
recess as shown in Figure 32. In addition, a recess (211) is situated in the rear of the
slider, which slides on a pressure roller (205). The recess (211) and the skewed
extension (208a) of the slot are arranged to cooperate at the start and the finish of the
firing cycle. The slider has a tenon (207), which slides in the lower portion (206¢) of
the guidance ramp (206). The guidance ramp (206) also accommodates tenons (209
and 210) of the bolt head in its horizontal portion (206a).

[0123] The functioning of this preferred embodiment for the recoil control device is by and
large the same as that portrayed in Figures 19-26. This embodiment differs from the
embodiment of Figures 19-26 in that at percussion the bolt head (203) presses the
slider (202) between tenon (209) at the rear extremity of bolt head (203), and the
pressure roller (205). The slider (202) is then expelled downward towards the bottom

PCT/CH03/00363
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of the gun at a rate of displacement that is a function of the decoupling angles
presented by the slopes of skewed extension (208a) and recess (211) on either side of
the slider. Once the full rate of displacement of the slider (202) is achieved, it
becomes the motor of the system and carries the bolt head to the rear with tenon (209)
traveling in slot (208), the bolt head sliding in the segment (206a) of groove (206). At
the start of its displacement towards the rear, the slider (202) tilts on its lug (207) in
its lower section. On the other hand, an inverse oscillation by the slider at the end of

its return has a dampening effect as the bolt head regains a closed configuration, its

cartridge chambered.

[0124] The addition of the oscillation of the slider (202) to the overall movement of
translation of the embodiment of Figures 19-26 enables greater adjustment of the
resistance to the moment by means of an appropriate modification of the slider’s

decoupling angles, which present slopes that differ from the slope of groove (206).

[0125] The following Examples, and forgoing description, are intended to show merely
optional configurations for the devices of the invention. Variations, modifications,
and additional attachments can be made by one of skill in the art. Thus, the scope of
the invention is not limited to any specific Example or any specific embodiment
described herein. Furthermore, the claims are not limited to any particular

embodiment shown or described here.

[0126] A series of exemplary .45 caliber machine pistols or handguns is produced, wherein
the slider has a weight of between about 150 grams to about 175 grams, the bolt head
has a weight of between about 50 grams to about 70 grams. The return device or

recoil spring used has a 8.5 kg tare to about 11 kg tare.

[0127] One example employs a double-angle slider, similar to the embodiments of Figures
3.6 and incorporating one or more elements of the invention, and is presented with the
following characteristics: length of barrel: approx 3-4 inches; initial angle of sloped
surface of slider relative to barrel axis: 36 degrees or 44.5 degrees; weight of bolt
head 52g; weight of inertia block 152 g; tare, recoil spring 8.4 kg. The operational

characteristics give a theoretical firing rate: 950-1000 rounds/min.

[0128] Firing tests gave subjective impression of very smooth working part movement, with

a noticeable reduction or quasi-total absence of the phenomenon of recoil. Additional
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testing with single rounds and eight round bursts (automatic action) also showed
remarkable reduction of recoil with .45 caliber rounds and an elimination of upward

jerking forces compared to a conventional .45 caliber handgun.

[0129] Another example incorporates the embodiments of Figures 7-8 and one or more

elements of the invention and is presented by the following characteristics:

@) Length of barrel: 603 mm

(ii)  Total length: 978 mm

(iii) Weight (without magazine): 3.5 kg
(iv)  System: gas and locked bolt

()  Caliber: 7.62 NATO

(vi)  Theoretical firing rate: up to 950 rounds/min

[0130] A .45 caliber automatic machine gun is produced using a double-angled slider
having a downward slider path similar to those shown in Figures 3-6. The weight of

the bolt head is 56 g and the weight of the inertia block is 172 g.

[0131] The firearm was discharged in 5 round bursts and compared to the M3-3A1
automatic submachine gun (“grease gun”) and a handheld Colt M1911 45 caliber
pistol. The upward jerking forces produce a noticeable and pronounced upward
movement of the end of the barrel for the grease gun and pistol. In contrast, the
firearm employing the device of the invention shows relatively little or no upward

movement when handled and fired in similar circumstances.

[0132] One skilled in the art can devise and create numerous other examples according to this
invention. Examples may also incorporate additional firearm elements known in the
art, including muzzle brake, multiple barrels, blow sensor, barrel temperature probe,
electronic firing control, mechanical firing control, electromagnetic firing control, and
targeting system, for example. One skilledl in the art is familiar with techniques and
devices for incorporating the invention into a variety of firearm examples, with or
without additional firearm elements know in the art, and designing firearms that take
advantage of the improved force distribution and recoil reduction characteristics of

the invention.
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1. A firearm comprising:
a barrel with a chambering end and a muzzle end;

a handgrip having a top end and a bottom end, wherein the handgrip is positioned
behind the chambering end of the barrel and wherein the handgrip is positioned relative to the
barrel such that the longitudinal axis of the barrel intersects the handgrip at between about
10% to about 95% of the height relative to the top end of the handgrip; and

a bolt head operably linked to a slider, whereby the movement of the bolt head in
response to the firing of a round imparts a momentum to the slider causing the slider to move

along a slider path.

2. The firearm of claim 1, wherein the slider path forms an angle between about 5

degrees and about 45 degrees with the longitudinal axis of the barrel.

3. The firearm of claim 1, wherein the slider path forms an angle between about 30

degrees and about 43 degrees from the longitudinal axis of the barrel.

4, The firearm of claim 1, wherein the mass of the slider moving along the slider path

substantially eliminates the upward jerking of the firearm in response to recoil forces when
fired.

5. The firearm of claim 1, further comprising a muzzle brake.

6. The firearm of claim 1, further comprising a separator operably connected to a
hammer and moving in reaction to the bolt head and slider so that successive rounds can be

moved from a magazine to a chamber attached to the chambering end of the barrel.

7. The firearm of claim 6, further comprising an feeding lock for ensuring that a single

round at a time moves from the magazine to the chamber.

8. The firearm of claim 1, wherein the firearm is designed for .45 caliber ammunition

and wherein the bolt head mass is approximately 50 to 70 grams.

9. The firearm of claim 1, wherein the ratio of slider mass to bolt head mass is
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approximately 2 to about 4.

10. A recoil control device for use in a firearm, said device comprising:

a bolt head configured to alternate between a forward position and a rearward

position in response to the firing of one or more cartridges; and

a slider connected to the bolt head, the slider comprising an angled surface to contact
bolt head or the linkage to bolt head;

wherein the bolt head is configured to transmit an impulse to the slider as it alternates

between the forward position and the rearward position,

and wherein the movement of the slider has a component perpendicular to the firing

axis of the barrel of the firearm.

11.  The recoil control device of claim 10, further comprising a slider guide, which
permits the slider to move between a forward-up position, corresponding to said forward

position of the bolt head, and a back-down position corresponding to said rearward position
of the bolt head.

12. The recoil control device of claim 11, wherein the bolt head is connected to the slider
by a tenon or other linkage, and wherein said slider guide comprises a first sloped portion and

a second sloped portion.

13.  The recoil control device of claim 12, wherein the linkage comprises a transverse
spindle perpendicular to the axis of the gun barrel, the spindle connected to the bolt head and
arranged to slide between the first sloped portion, when the bolt head is in the forward

position, and the second sloped portion, when the bolt head is in the rearward position.

14.  The recoil control device of claim 13, wherein the transverse spindle linking the bolt

head and the slider is set to have a margin of play in the longitudinal sense.

15.  The recoil control device of claim 10, further comprising a bolt head guide arranged
so that at least the initial backwards movement of the bolt head from the forward position
occurs substantially along the axis of the gun barrel, and a slider guide arranged to guide the

slider in a movement transverse to the axis of the gun barrel.
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16.  The recoil control device of claim 15, wherein the slider guide comprises a sloped

surface.

17.  The recoil control device of claim 16, further comprising an angle between the sloped

surface and the longitudinal axis of the barrel of the gun.

18.  The recoil control device of claim 17, wherein the angle is between about 30 degrees

and about 36 degrees.

19.  The recoil control device of claim 16, further comprising a slider having an initial or
first sloped surface and a second sloped surface to contact the bolt head or linkage to the bolt
head.

20.  The recoil control device of claim 19, wherein the angle formed by the initial or first
sloped surface of the slider and the slider guide is between about 6 degrees and about 40
degrees.

21. The recoil control device of claim 20, wherein the second angle is between about 24

degrees and about 36 degrees.

22, The recoil control device of claim 15, wherein the breech block features a cavity, the
cavity comprising a forward extremity from which the barrel of the gun extends, a receptacle
for a magazine, a forward section that accommodates the bolt head, and a rear section that

accommodates the slider and a recovery mechanism.

23.  The recoil control device of claim 22, wherein the recovery mechanism comprises a
spring.

24.  The recoil control device of claim 15, wherein the sides of the breech block each
presents a guide rail for accommodating the respective extremities of the transverse spindle.
25. A semiautomatic of automatic firearm comprising:

a bolt head configured to alternate between a forward position and a rearward position

in response to the firing of one or more cartridges; and

a slider comprising an initial or first sloped surface and a second sloped surface to

contact the bolt head or a linkage to the bolt head;
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wherein the bolt head is configured to transmit an impulse to the slider as it alternates
between the forward position and the rearward position, the impulse having a component

perpendicular to the firing axis of the barrel of the firearm.

26.  The firearm of claim 25, further comprising a handgrip located behind the barrel of
the firearm, whereby the upward jerking of the firearm from the firing of one or more

cartridges is substantially eliminated.

27.  The firearm of claim 26, wherein the axis of the gun barrel intersects the handgrip

between about 10% to about 90% of the height from the top of the handgrip.

78.  The firearm of claim 25, further comprising a stock located behind the barrel of the

firearm. -

29.  The firearm of claim 28, wherein the axis of the gun barrel intersects the stock

between about 10% to about 90% of the height from the top.

30.  The firearm of claim 25, wherein the firearm is designed for .45 caliber ammunition
and wherein the bolt head mass is approximately 50 to 70 grams.

31.  The firearm of claim 25, wherein the ratio of slider mass to bolt head mass is
approximately 2 to about 4.

32, The firearm of claim 25, wherein the ratio of slider mass to bolt head mass is

approximately 2.5 to about 3.
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