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1
SYSTEMS AND METHODS FOR A FIRING
PIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(e)
from U.S. provisional patent application Nos. 61/659,414
filed Jun. 13, 2012; 61/628,006 filed Oct. 24, 2011; and
61/628,115 filed Oct. 25, 2011; each of which is hereby
incorporated by reference.

FIELD OF THE INVENTION

Embodiments of the present invention relate to disrupter
cannons used to disable explosive devices.

BACKGROUND OF THE INVENTION

Disrupter cannons are used by military, bomb squad, and
other emergency service personnel to destroy and/or disable
explosive devices including improvised explosive devices
(“IED”), bombs, and ordinance.

Disrupter cannons propel a projectile to impact the explo-
sive device. Impact of the projectile with the explosive device
may interfere with (e.g., damage, destroy) a portion of the
explosive device to disable the explosive device. Impact of the
projectile with the explosive device may trigger (e.g., start,
initiate, cause) explosion of the explosive device thereby
destroying the device.

Disrupter cannons may benefit from improvements,
according to the various aspects of the present invention, that
increase a force of delivery of a liquid projectile, decrease an
amount of powder residue that enters a firing assembly, and
improve the reliability of the operation of the firing assembly.

BRIEF DESCRIPTION OF THE DRAWING

Embodiments of the present invention will now be further
described with reference to the drawing, wherein like desig-
nations denote like elements, and:

FIG. 1 is a plan view of a disrupter system;

FIG. 2 is a plan view of a disrupter cannon according to
various aspects of the present invention;

FIG. 3 is a cross-section view of the disrupter cannon of
FIG. 2 along a central axis;

FIG. 4 is a close-up view of the cross-section view of FIG.
3 toward the breech end portion of the disrupter cannon;

FIG. 5 is an enlarged cross-section view of the piston of
FIG. 3,

FIG. 6 is a perspective view of the piston of FIG. 3 showing
the front and left side;

FIG. 7 is an exploded view ofthe firing assembly of FIG. 3;

FIG. 8 is close-up view of the cross-section view of the
cartridge of FIG. 3;

FIG. 9 is a perspective view of the cartridge of FIG. 3
showing the front and left side;

FIG. 10 is an end view of the cartridge of FIG. 3 showing
the rear end portion of the cartridge after firing the disrupter
cannon;

FIG. 11 is a close-up view of the firing mechanism of FIG.
3 before or after firing the disrupter cannon;

FIG. 12 is a close-up view of the firing mechanism of FIG.
3 during firing the disrupter cannon;

FIGS. 13-17 are plan views of projectiles for launching by
the disrupter cannon of FIG. 2; and
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FIG. 18 is a cross-section view of the projectile of FIG. 15
inserted into the cartridge of FIG. 8.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Disrupter system 100 may be used to disable and/or destroy
explosive devices. Disrupter cannon 160 may propel a pro-
jectile for disabling and/or destroying the explosive device.
Mount 170 positions and supports disrupter cannon 160 for
propelling a projectile toward an explosive device.

Holder 176 holds (e.g., clamps, secures) to disrupter can-
non 160 and to positioner 174. Holder 176 may retain dis-
rupter cannon 160 prior to firing disrupter cannon 160. Holder
176 may retain disrupter cannon 160 after firing disrupter
cannon 160 or holder 176 may release disrupter cannon 160
responsive to a recoil force to allow disrupter cannon 160 to
separate from holder 176 and thereby from mount 170.

Positioner 174 moves to position disrupter cannon 160 so
that the trajectory of the projectile launched by disrupter
cannon 160 is directed toward the explosive device. Posi-
tioner 174 may orient disrupter cannon 160 so that the muzzle
otf’barrel 110 of disrupter cannon 160 is oriented in an upward,
a downward, or a horizontal direction with respect to the
ground (e.g., a direction of a force of gravity). The position of
positioner 174 may be locked (e.g., held) to retain the orien-
tation (e.g., aim) of disrupter cannon 160.

Tripod 172 supports the weight of disrupter cannon 160.
Tripod 172 may include any conventional tripod or support
for supporting equipment (e.g., cameras, guns, cannons). Tri-
pod 172 may be position an effective distance, with respect to
the range of the projectile used, away from the explosive
device. An effective distance may be in the range of 6 to 48
inches, preferably 16 to 22 inches. Tripod 172 may move
responsive to a recoil force of firing disrupter cannon 176.

Disrupter cannon 160 may include cover 140, firing assem-
bly 130, breech cap 120, and barrel 110. Disrupter cannon
160 may cooperate with shock tube 150 and cartridge 380 to
launch a projectile.

A type of projectile may be selected to disable and/or
destroy an explosive device. A projectile type may include a
structure suitable for disabling and/or destroying a particular
type of explosive device. A projectile may include one or
more objects having a shape (e.g., balls, fragments, pointed
structure, snub nose) for propelling toward a target. Objects
of a projectile may be held together prior to launch in a
container (e.g., shell).

A material (e.g., composition, type, substance) of a projec-
tile may be selected to disable and/or destroy an explosive
device. Materials may include metal, clay, plastic, and lig-
uids. Materials of a projectile may include a combination of
materials, for example, portions of the projectile formed of
different metals (e.g., aluminum, titanium).

A material of a projectile may be further selected to protect
personnel in the vicinity of the explosive device. For example,
a projectile may be formed of a frangible material (e.g.,
compressed powder) that breaks apart (e.g., disperses) on
impact. A projectile may include a mass (e.g., body, amount)
ofaliquid. A liquid may include water. A mass of a liquid may
be propelled from a disrupter cannon to impact an explosive
device to disable and/or destroy the explosive device. A liquid
may further disperse on impact with an explosive device
thereby protecting personnel in the vicinity.

For example, the barrel of a disrupter cannon may be filled
with a liquid and the liquid propelled toward an explosive
device. On impact, the liquid may move, disable, or destroy
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the explosive device depending on an amount of force applied
by the liquid to the explosive device.

A liquid projectile increases the safety of dealing with
explosive devices because the liquid disperses on impact and
may dampen (e.g., wet) any explosive materials ejected from
the explosive device thereby decreasing the likelihood of
explosion close to personnel. However, presently liquid pro-
jectiles are less effective than a solid projectile, including
compressed powders, because the force delivered by a liquid
projectile is less than the force delivered by a solid projectile.

According to various aspects of the present invention, dis-
rupter cannon 160 may cooperate with piston 390 to increase
the effectiveness of a liquid projectile.

Another issue with conventional disrupter cannons is the
amount of cleaning and maintenance required between fir-
ings. A further issue is whether the disrupter cannon may be
operated without the use of tools to reload the disrupter can-
non.

A disrupter cannon propels a projectile by producing a
rapidly expanding gas. The rapidly expanding gas is generally
produced by burning a pyrotechnic (e.g., gun powder, explo-
sive charge). Generally, the pyrotechnic is held in a cartridge.
Firing (e.g., activating, igniting) the cartridge burns the pyro-
technic. The burning pyrotechnic produces residue (e.g.,
byproducts, gasses, soot, ash) that may enter the firing assem-
bly. The residue may coat (e.g., foul, dirty) the components of
the firing assembly and interfere with the proper operation of
the firing assembly. Reducing the residue that enters the firing
assembly increases the number of firings a disrupter cannon
may perform between cleanings.

According to various aspects of the present invention, car-
tridge 380 may cooperate with barrel 110, breech cap 120,
and firing assembly 130 to decrease the amount of residue that
enters firing assembly 130 when cartridge 380 is fired.

Even a small amount of residue may interfere with the
proper operation of the firing pin of the firing assembly of a
conventional disrupter cannon. Prior to firing (e.g., operating)
a disrupter cannon, the firing pin is positioned away from the
cartridge. The cartridge is activated by moving the firing pin
toward the cartridge so that the firing pin strikes the primer of
the cartridge to ignite the pyrotechnic. After the cartridge is
activated, the firing pin returns to its original (e.g., pre-firing)
position, so it may be move to activate a subsequent cartridge.
If the firing pin does not return to its original position, it
cannot be move to strike the primer of a subsequent cartridge
with sufficient force to activate the cartridge.

Present disrupter cannons use a spring to return the firing
pin to its pre-firing position. The force that moves the firing
pin from the pre-firing position to the firing (e.g., activate
cartridge) position is provided by shock tube 150. Shock tube
150 includes a pyrotechnic that when burned moves a gas
along an inner diameter of shock tube 150. The expanding gas
moves out of an end of shock tube 150 to apply a force on the
firing pin to move the firing pin to activate the cartridge.
Residue from the gas from shock tube 150 or from a subse-
quent firing of a cartridge may coat the spring.

The expanding gas produced by the burning pyrotechnic of
a conventional cartridge may also enter the firing assembly
and coat the spring with a residue. Further, the primer of a
conventional cartridge may be destroyed during the firing
process thereby permitting the conventional cartridge to blow
gas, primer remains, and residue into the firing assembly. The
gas from a cartridge may produce an amount of residue that is
significantly greater than the residue produced by a shock
tube.

Residue and other contaminants may prevent a spring from
returning the firing pin to the pre-firing position. Residue and
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other contaminants may reduce a force provided by a spring
thereby interfering with the operation of the firing assembly.
Generally, proper operation of the firing assembly can be
restored by disassembling and cleaning the firing assembly.

According to various aspects of the present invention, fir-
ing pin 440 may cooperate with magnet 436 to return firing
pin 440 to its pre-firing position and to reduce an effect of
residue on the movement of firing pin 440.

The components of disrupter cannon 160, the cooperation
of the components of disrupter cannon 160 with each other,
and the cooperation of the components of disrupter cannon
160 with other components and devices (e.g., cartridge 380,
piston 390, shock tube 150, stopper 360, mount 170) are
discussed below.

A barrel includes a muzzle end portion (e.g., exit), a breech
end portion (e.g., rear), and a bore therebetween. Prior to
firing, the bore of the barrel holds (e.g., contains) a projectile
and a cartridge. Upon firing the cartridge, the barrel in coop-
eration with breech cap 120, contains, at least in part and for
aperiod of time, the force provided by the rapidly expanding
gas generated by burning the pyrotechnic of the cartridge. The
barrel and breech cap direct the force provided by the rapidly
expanding gas against the projectile. The force moves the
projectile from the breech end portion of the barrel toward the
muzzle end portion of the barrel along the bore until the
projectile exits the barrel at the muzzle end portion of the
barrel. A barrel directs an initial flight of a projectile. The
projectile continues along the trajectory established by the
barrel after the projectile exits the barrel. A material for a
barrel may include a lightweight composite material and a
metal.

A diameter of the bore of a barrel may be suitable to allow
passage of convention projectiles (e.g., bullet, shell) or to
accept any conventional cartridge. In one implementation, the
barrel receives a conventional 12-guage shotgun shell in the
breech end of the barrel. A surface of the bore may be smooth
orrifled. A length of a barrel for a disrupter cannon may be in
the range of 10 inches to 30 inches.

In an implementation, barrel 110 is formed of titanium and
an external surface of barrel 110 is wrapped in carbon fiber. In
another implementation, barrel 110 is formed of stainless
steel.

A breech cap couples to the breech end portion of a barrel.
A breech cap forms a chamber at a breech end portion of the
barrel. A breech cap retains a cartridge in the breech end
portion of a barrel. The breech cap positions the firing assem-
bly for activating the cartridge. A breech cap cooperates with
the barrel to contain and direct a force of the rapidly expand-
ing gas provided by the cartridge as discussed above. In
operation, the expanding gas provided by a cartridge cannot
readily exit the chamber formed at the breech end portion of
the barrel, so the breech cap directs the force of the expanding
gas toward the muzzle end portion of the barrel and against
the projectile.

A portion of the expanding gas may escape the chamber
formed by the breech cap. It is possible, depending on the type
of coupling used to couple the breech cap to the barrel, that a
portion of the expanding gas may escape from the chamber
via the coupling. Further it is possible, if the cartridge is
mechanically fired (e.g., firing pin), that a portion of the
expanding gas may bypass the firing pin and enter the firing
assembly as discussed above.

A coupling between a breech cap and a barrel must be
sufficiently strong for the breech cap to remain coupled to the
barrel during firing of the cartridge and launch of the projec-
tile. Any coupling mechanism (e.g., threads, bayonet, latch)
that can withstand the force of the expanding gas provide by
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the cartridge is suitable for coupling the breech cap to the
barrel. A breech cap may be moveable coupled (e.g., hinged,
threaded) to a barrel. A breech cap may be completely remov-
able (e.g., disconnected, decoupled) from a barrel.

The coupling between a breech cap and a barrel must be
able to be decoupled after firing the cartridge to permit a new
cartridge and projectile to be inserted into the barrel for a
subsequent launching of the projectile. Preferably, decou-
pling should be able to be accomplished manually without the
use of tools. A coupling that becomes difficult to decouple
after the cartridge is fired and the projectile launched reduces
the frequency of operation of the disrupter cannon because
extra time must be used to remove the breech cap and reload
the disrupter cannon.

In an implementation, breech cap 120 threadedly couples
to barrel 110 using threads 314. In animplementation, threads
314 are coarse ACME threads. Breech cap 120 is manually
threaded to barrel 110 to couple breech cap 120 to barrel 110.
Preferably, breech cap 120 can be manually unthreaded to
decouple breech cap 120 from barrel 110. The thread type
may contribute to the effect the expanding gas has on the
coupling between the breech cap 120 and barrel 110. Prefer-
ably, the thread type increases the likelihood of being able to
manually remove, without the use of tools, breech cap 120
from barrel 110 after firing; however, other factors play a role,
such as the pyrotechnic used in the cartridge, whether the
casing of the cartridge is bent out of shape by firing, and the
amount of gas that escapes from the cartridge into the breech
end portion of the disrupter cannon.

A firing assembly activates the cartridge to launch the
projectile. A firing assembly activates the cartridge respon-
sive to an action taken by an operator of the disrupter cannon.
A firing assembly may operate as a transducer in that it
transforms one form of energy into another form of energy to
activate the cartridge.

For example, a firing assembly for an electrically fired
cartridge may translate the movement of an operator’s digit
into an electrical signal that activates the cartridge. A firing
assembly for a mechanically fired cartridge may translate an
electrical signal or mechanical movement into movement
(e.g., displacement) of a firing pin that strikes the cartridge to
activate the cartridge. A firing assembly may translate a force
provided by an expanding gas into movement of the firing pin
to strike the cartridge.

Prior to firing a disrupter cannon, the firing pin of a
mechanical firing assembly is positioned away from the car-
tridge. To fire the cartridge, the firing pin moves toward the
cartridge to strike the primer of the cartridge to fire the car-
tridge. Preferably, after firing the cartridge, the firing pin
returns to the pre-firing position to be ready to fire a subse-
quent cartridge. Preferably, the firing pin returns to the pre-
firing position without manual intervention by a human. Gen-
erally, a force is applied to move the firing pin from the
forward (e.g., firing) position back to the pre-firing position.
As discussed above, such force is conventionally provided by
a spring.

In an implementation, shock tube 150 provides a force of
an expanding gas to move firing pin 440 from the pre-firing
position, as shown in FIG. 11, to the firing position, as shown
in FIG. 12. The expanding gas provided by shock tube 150, as
discussed above, is provided by burning a pyrotechnic in the
interior bore of the shock tube. The gas provided by the
burning pyrotechnic of shock tube 150 moves along a length
of shock tube 150 and exits the ends of shock tube 150. One
end of shock tube 150 is positioned in the chamber that retains
firing pin 440. The gas that exits shock tube 150 applies a
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force on firing pin 440 that moves firing pin 440 from a
pre-firing position to a firing position.

In a pre-firing position, firing pin 440 may be proximate to
magnet 436 and even contact cover 438. In a firing position,
firing pin 440 is positioned distal from magnet 436. In the
firing position, firing pin 440 may be positioned toward a
forward wall of the firing pin chamber and even contact a
forward portion of housing 442. Firing pin 440 in FIG. 12 is
positioned a distance away from contacting a forward portion
of housing 442. Movement of firing pin 440 further to the
right in FIG. 12 would position firing pin 440 in contact with
a forward portion of housing 442.

As discussed above, the gas from shock tube 150 may
include residue that coats firing pin 440 or the surfaces of the
chamber that contains firing pin 440. The residue from shock
tube 150 may interfere the return of firing pin 440 to the
pre-firing position and thereby interfere with subsequent
operations of disrupter cannon 160 unless firing assembly
130 is cleaned.

Operation of disrupter cannon 160 may be improved by
reducing the amount of residue that enters firing assembly
130, whether carried by the gas from cartridge 160 or the gas
from shock tube 150, and/or by eliminating mechanisms from
the firing assembly that may be affected by residue.

According to various aspects of the present invention, dis-
rupter system 100 of FIGS. 1-12 may reduce an amount of
residue that enters a firing assembly, eliminate mechanisms
from the firing assembly that are more aftected by residue,
and deliver a liquid projectile with an increased amount of
force.

According to various aspects of the present invention, car-
tridge 380 cooperates with barrel 110 and breech cap 120 to
reduce the amount of expanding gas produced by cartridge
380 that enters firing assembly 130 via bore 444.

To operate disrupter cannon 160, a projectile is positioned
in bore 370 of barrel 110 forward, with respect to the muzzle
of barrel 110, of cartridge 380, which is also positioned in
bore 370 of barrel 110. Beech cap 120 is coupled to the breech
end portion of barrel 110. Firing assembly 130 is coupled to
breech cap 120.

In an implementation, firing assembly 130 is threadedly
coupled to breech cap 120 using threads 312. Firing assembly
130 couples to breech cap 130 to position firing pin 440 along
a central axis of barrel 110 and cartridge 380.

Cartridge 380 includes casing 820, plate 484, seal 340,
primer 810, pyrotechnic 382, and cover 486. Casing 820
includes rear portion 480 and surface 482. Cartridge 380
performs the functions of a cartridge discussed above.

A casing provides the structure of a cartridge. A casing
establishes a size of the cartridge. A casing establishes a shape
of the cartridge. A casing includes a cavity for retaining a
pyrotechnic, a bore for receiving primer 810, a cavity (e.g.,
depression, hollow, lowered surface, recess, indentation) for
receiving plate 484, a cavity for optionally receiving a pro-
jectile, a surface for sealing with seal 340, and structure for
coupling cover 486. A casing positions a primer 810 to coop-
erate with firing pin 440 to fire cartridge 380. Rear portion
480 provides structure (e.g., larger diameter, surface) for
interfering with a breech end portion of barrel 110 to position
cartridge 380 with respect to the breech end portion of barrel
110. Rear portion 480 further provides surface 482 for con-
tacting (e.g., sealing with) the breech end portion of barrel
110.

As discussed above, a pyrotechnic produces a rapidly
expanding gas. A pyrotechnic may experience a chemical
reaction (e.g., burning) to produce the rapidly expanding gas.
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The rapidly expanding gas may provide a force. A force may
launch a projectile. A magnitude of a force provided by a
rapidly expanding gas may vary over time. Variance of the
magnitude of the force over time may be referred to as a
profile of the force (e.g., force profile). The force profile may
start with ignition of the pyrotechnic and end when the pyro-
technic is exhausted.

A chemical composition of a pyrotechnic may be selected
and/or formulated to produce a particular force profile. A fast
burn force profile may include a rapid peak in the magnitude
of'the force followed by a rapid decrease in the magnitude of
the force provided followed by a decreased magnitude of
force until the pyrotechnic is exhausted. A slow burn force
profile may include delivery of a near constant magnitude of
force from shortly after ignition of the pyrotechnic until the
chemical reaction of the pyrotechnic is exhausted.

The high magnitude of the force of a force profile may
differ according to the amount (e.g., load) of pyrotechnic
burned. A low load amount of pyrotechnic may provide a
maximum magnitude of force while a high load produces a
greater maximum magnitude. A particular load may deliver
its maximum magnitude of force with a fast burn or a slow
burn force profile depending on the type, not the amount, of
pyrotechnic in the cartridge.

The force profile of the pyrotechnic used to fire disrupter
cannon 160 may be a factor in whether breech cap 120 may be
removed from barrel 110 without tools after firing. The force
profile is also a factor as to whether the structural integrity of
the casing of the cartridge is affected by firing the cartridge.
Compromising the structural integrity of the casing of the
cartridge may cause the casing to get jammed (e.g., stuck) in
the barrel thereby requiring tools to remove the fired cartridge
before another projectile may be fired.

Testing has shown that a slow burn force profile used with
aspects of the invention disclosed herein improves the likeli-
hood that breech cap 120 can be removed from barrel 110
without the use of tools after disrupter cannon 160 is fired.
Further, a slow burn profile increases the likelihood that an
expended aluminum casing will fall out of the breech end of
barrel 110 rather than requiring a rod inserted into the muzzle
end of barrel 110 to force the expended cartridge from barrel
110. A pyrotechnic with a slow burn profile, regardless ofload
(e.g., 60, 120, 140, 160 grains) increases the likelihood of
preparing disrupter cannon 160 for a next operation without
the use of tools. A pyrotechnic with a fast burn profile, espe-
cially when a large load is used, significantly increases the
likelihood that tools will be required to remove breech cap
120 from barrel 110 and expended cartridge 380 from barrel
110.

A steel tube (not shown) may be inserted into casing 820
when a pyrotechnic with a fast burn profile is used to reduce
the likelihood that expended casing 820 will be jammed in
barrel 110 and require tools for removal.

A primer ignites a pyrotechnic to produce a rapidly
expanding gas. A primer translates a physical force (e.g.,
being struck) into a chemical reaction (e.g., burning) that
ignites the pyrotechnic. A physical force activates (e.g.,
ignites) the primer. A primer is generally positioned along a
central axis that is along a length of the cartridge. A primer is
positioned in line with a firing pin. A primer remains coupled
to a casing at least prior to launch. A force of the expanding
gas produced by the pyrotechnic may decouple a primer from
a casing. The force from the expanding gas may move the
primer away from the rear portion of the casing toward the
firing pin. When the primer decouples from the casing,
whether partially or completely, the expanding gas may
escape from the cavity in the casing by bypassing the primer
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or exiting via the hole where the primer was located. The
expanding gas may carry fragments of the primer into the
firing assembly.

A plate couples to a casing. The coupling between the plate
and the casing may include soldering, welding, friction fit,
and/or gluing. A plate covers a primer. A plate deforms
responsive to being struck by a firing pin. A deformationina
plate contacts a primer to activate (e.g., strike) a primer. A
plate remains coupled to a casing during firing of a primer and
subsequent burning of the pyrotechnic of the cartridge. A
plate impedes rearward movement of the primer, under a
force of the expanding gas, towards the firing assembly. A
plate reduces an amount of gas that may exit the cavity in the
casing via the primer. A plate reduces the amount of residue
and/or primer fragments carried into a firing assembly. A
plate restrains movement of the primer before, during, and
after firing the cartridge.

A plate may be positioned in a cavity in rear portion of a
casing of a cartridge. A cavity may position a rear external
surface of the plate flush (e.g., same level, forming an unbro-
ken plane) with the surface of the rear portion of a cartridge
such that the rear surface of the cartridge is flat (e.g., continu-
ous plane). A depth of the cavity may be about the same as the
height of the plate, so that positioning the plate in the cavity
forms a surface on the rear portion of the cartridge that is a
continuous plane.

A breech cap, when coupled to a barrel, may press against
the surface of the rear portion of the casing and the plate. A
force provided by the breech cap on the plate may help (e.g.,
assist) a plate retain the primer in the casing. The force pro-
vided by the breech cap on the plate may help retain the plate
coupled to the casing and to reduce an amount of expanding
gas that escapes via the rear portion of the cartridge.

Trainers in the use of conventional disrupter cannons
instruct the users to thread the breech cap on to the barrel
completely then to unscrew the breech cap Y4turn to increase
the likelihood of being able to remove the breech cap with
tools after firing. Conventional breech caps and conventional
cartridges do not cooperate to reduce the amount of gas and
residue that exits the cartridge into the firing assembly.

Rear portion 480 of casing 820 positions the cartridge in
the barrel of the disrupter cannon. Rear portion 480 interferes
with a breech portion of the barrel to position the cartridge.
Rear portion 480 prevents cartridge 380 from entirely enter-
ing and being inside bore 370 of barrel 110.

Surface 482 on a forward part of rear portion 480 contacts
a surface of the breech portion of barrel 110 to position
cartridge 380 in barrel 110. Contact between surface 482 and
the breech portion of barrel 110 may form a seal that reduces
the amount of the rapidly expanding gas from the pyrotechnic
that exits bore 370 into the chamber formed by barrel 110 and
breech cap 120. A seal between surface 482 and a surface of
the breech portion of barrel 110 may reduce an amount of gas
from the pyrotechnic that enters firing assembly 130. Surface
482 may be formed of the same material that forms rear
portion 480 of casing 820. Surface 482 may be integral with
rear portion 480. Surface 482 may include a coating of a
material (e.g., neoprene, rubber, teflon) that enhances the
sealing capacity of surface 482.

A seal forms a seal (e.g., barrier). A seal that may impede
movement of a gas. A seal may impede movement of a liquid.
A seal may retain a gas and/or a liquid on one side ofa seal and
not permit passage of the gas and/or the liquid to the other side
of'the seal. A seal may impede movement of a residue carried
by a gas and/or a liquid. A seal may form a seal with a surface.
A seal may form a seal with two or more surfaces and/or
between two or more surfaces. A seal may fill, at least par-
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tially, a void to form a seal. A seal may have a shape that
conforms to one or more surfaces. A seal may be formed of a
material that is different from the materials that form the
surfaces. A seal may be pliable. A seal may be deformed to
confirm to a shape of a surface. Materials for a seal include
neoprene, rubber, and Teflon. A seal may form a seal with an
outer surface of a casing. A seal may further form a seal with
a surface of the bore of a barrel.

A cover closes an opening. A cover may seal an opening. A
cover may enclose a cavity. A cover may mechanically couple
to an object to close and/or seal an opening and/or enclose a
cavity. Mechanically coupling may include gluing. A cover
may retain a material inside a cavity. A cover may keep a
material inside a cavity dry. A cover may protect a material
inside a cavity during transport and handling. A cover may be
removed by a force. A cover may be removed by a force
provided by an expanding gas. A cover may be at least par-
tially destroyed (e.g., torn, ripped, shredded, burned) by a
force that removes the cover. A cover may be rigid. A cover
may be flexible. A cover may have a uniform thickness. A
cover may be formed of pieces of material, whether the same
or different, that are coupled together to form the cover.

A cover may include a conventional gas seal use in con-
ventional 10-20 gauge cartridges for conventional shotguns.

In an implementation, casing 820 of cartridge is cylindri-
cal. Casing 820 may be similar to a conventional casing for a
12-gauge shotgun cartridge. The outer diameter of the casing
may be less toward a front portion as opposed to rear portion
480 (e.g., rim). Casing 820 includes a cavity for receiving
pyrotechnic 382. Casing 820 includes an axial bore in rear
portion 480 for receiving primer 810. In an implementation,
casing 820 is formed of aluminum. In another implementa-
tion, casing 820 is formed of materials and in a manner that is
comparable to the materials and manner of a conventional
shotgun cartridge (e.g., shell).

Primer 810 position in the bore of rear portion 480 and
mechanically coupled to casing 820. Plate 484 is positioned
in cavity of rear portion 480. Plate 484 mechanically couples
to casing 820. Plate 484 covers primer 810. The outer surface
of plate 484 is flush with the surface of rear portion 480, so
that the rear surface of cartridge 380 is nearly flat.

In another embodiment, rear portion 480 does not include
a cavity for receiving plate 484, but plate 484 is the same size
and shape as the surface of rear portion 480. In this embodi-
ment, plate 484 entirely covers the surface of rear portion 480.
Because plate 484 is nearly flat, the rear portion of cartridge
380 when covered by plate 484 is also nearly flat.

As discussed above, the flat surface of rear portion 480 of
cartridge 380 cooperates with a surface of breech cap 120 and
a forward portion of firing assembly 130 to retain plate 484
coupled to casing 810 and to reduce an amount of gas that
escapes from a rear portion of cartridge 380 into firing assem-
bly 130.

The mechanical coupling between plate 484 and casing
810, combined with the support provided by breech cap 120
and firing assembly 130 discussed above, is of sufficient
strength so that a force of an expanding gas produced by
primer 810 is not sufficient to decouple plate 484 from casing
820. The mechanical coupling between plate 484 and casing
810 is of sufficient strength that a force of an expanding gas
produced by pyrotechnic 382 that bypasses primer 810 or that
passes through the bore into which primer 810 is, or was,
positioned is not sufficient to decouple plate 484 from casing
820. Plate 484 remains coupled to casing 810 before, during,
and after cartridge 380 is fired.

The mechanical coupling between plate 484 and casing
820 further seals the bore into which primer 810 is placed and
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the rear portion 480 to impede the passage of gas from inside
casing 820 to the outside of casing 820 via the rear portion of
casing 820. Ideally, the mechanical coupling between plate
484 and casing 820 forms a seal that stops a majority of gas,
if not all, that originates inside of casing 820 from exiting via
the rear portion of casing 820. The mechanical coupling
between plate 484 and casing 820 further reduces, or elimi-
nates nearly completely, the escape of residue from casing
820 via the rear portion of casing 820. Plate 484 reduces the
residue that escapes from casing 820 during firing that may
enter firing mechanism 130.

Plate 484 cooperates with firing pin 440 to activate primer
810. When struck by firing pin 440, plate 484 deforms. The
force applied by firing pin 440 on plate 484 forms indentation
1010 on one side of plate 484. Preferably, firing pin 440 forms
indentation 1010 without causing discontinuities (e.g., tears,
holes, punctures, perforations) in the material of plate 484 as
a discontinuity would permit gas to escape from casing 820
into firing assembly 130. On the other side of plate 484, the
indentation forms a protrusion (not shown). The protrusion of
indentation 1010 contacts primer 810, with a sufficient force
of impact, to activate primer 810. The protrusion of indenta-
tion 1010 protrudes toward primer 810, which is forward,
with respect to the direction of travel of a projectile launched
by disrupter cannon 160, of plate 484.

In an implementation, plate 484 is 0.015 inches thick and
formed of a soft aluminum. Plate 484 is coupled to casing 810
using an adhesive (e.g., super glue). The depth of the cavity in
casing 810 that receives plate 484 is sufficiently deep so that
the outer surface of plate 484 after it is glued in the cavity of
casing 810 is about flush with the surface of rear portion 480
of casing 810. Because plate 484 is flush with a surface of the
rear portion 480 of cartridge 380, the rear surface of cartridge
480 is substantially flat. Firing pin 440 forms an indentation
in the soft aluminum of plate 484 to ignite primer 810 without
destroying the structural integrity of plate 484. The protrud-
ing portion of indentation 1010 strikes primer 810 to ignite
pyrotechnic 382.

Activating (e.g., actuate) primer 810 ignites pyrotechnic
382. Burning pyrotechnic 382 produces a rapidly expanding
gas, heat, and by products (e.g., residue) from the chemical
reaction of burning. The expanding gas removes (e.g., tears,
burns, ejects) cover 486 to allow the expanding gas to enter
bore 370 of barrel 110. The expanding gas increases the
atmospheric pressure inside barrel 110.

Activating primer 810 may consume and/or weaken a por-
tion of primer 810 so that the force of the expanding gas
produced by pyrotechnic 382 may force primer 810 to
decouple from casing 810. The force of the expanding gas
may force primer 810 against plate 484. Preferably, as dis-
cussed above, plate 484 does not decouple from casing 810
when struck by primer 810. The expanding gas may further
exit from casing 810 via primer 810. Preferably, plate 484 is
not decoupled from casing 810 responsive to the force of the
expanding gas that may bypass primer 810 or escape via the
hole from which primer 810 was dislodged.

Plate 484 detains primer 810 so that primer 810, when
decoupled by the force of the expanding gas, does not strike
firing assembly 130 and/or firing pin 440.

When cartridge 380 is positioned in bore 370 of barrel 110,
surface 482 contacts and end portion of barrel 110. Contact
between surface 482 positions cartridge 380 in barrel 110.
Contact between surface 482 and barrel 110 further estab-
lishes a seal that impedes a flow of gas from bore 370 of barrel
110 rearward toward firing assembly 130. When pyrotechnic
382 burns, the expanding gas presses against any projectile
positioned forward of cartridge 380 and also moves between






