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Description
BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0001] This invention relates to industrial ballistic tools, and more particularly to ammunition therefor.

(2) Description of the Related Art

[0002] Industrial ballistic tools are used in a variety of applications. One common application is the in situ cleaning of
kilns, for which the tools are commonly identified as kiln guns. Additional applications lie in the tapping and cleaning of
furnaces, the cleaning of copper smelters, the cleaning and clearing of silos, the cleaning of boilers, and the like.
[0003] By way of example, rotary kilns, which are used to calcine cement and lime, are typically 3 to 7 meters in
diameter and 30 to 150 meters long. Calcining takes place at elevated temperatures, typically in the range of 1100°C
to 1500°C. During the calcining process, because of many processing variables, the product may adhere to the sidewall
of the kiln forming a clinker, ring or dam. If this adherent obstruction is not removed, additional product will accumulate,
reducing or stopping throughput. Removal of the obstruction is necessary.

[0004] It is not economically feasible to stop the kiln to remove the obstruction. Also, considering that the ring may
form 5 to 10 meters from the end of the kiln, it is not safe or efficient for an operator to attempt to manually remove the
obstruction with a long pole or by like methods. Thus many users of rotary kilns utilize industrial ballistic tools. A tool
operator will position the tool in a kiln port and then fire metallic projectiles at the obstruction. Impact of the projectiles
with the obstruction removes the obstruction from the sidewall of the kiln. The metallic projectiles are usually formed
from lead, a dense material with a relatively low vaporization (boiling) temperature of 1750°C. The lead projectiles knock
clinkers from the kiln sidewall and then fall into the kiln and may be vaporized.

[0005] Industrial ballistic tools are also utilized by manufacturers of steel, ferrosilicon and other materials. Prior to
casting these metals, molten metal is typically contained within an electric furnace sealed by a carbon or clay base plug.
Since the molten metal is at a temperature in excess of 2500°C, manual removal of the plug is not feasible. One way
that the plug may be removed is with an industrial ballistic tool. A metallic projectile is fired from the industrial ballistic
tool to break open the plug, starting the flow of molten metal. To prevent contamination of the metal, the projectile typically
is formed of a material such as lead that will vaporize on contact with the molten metal after rupturing the plug.

[0006] Due to environmental concerns, lead is being phased out as a projectile material for use with industrial ballistic
tools. Zinc and zinc alloys have also been utilized as lead substitutes. Their relatively low density may make them
disadvantageous for certain uses. A ballistically stabilized zinc-based projectile is described in U.S. Patent No. 5,824,944
of Jack D. Dippold et al.

[0007] Additionally, when repeated firing heats the tool chamber, the plastic tubes of many existing industrial shells
may melt and/or leave a residue. The residue may deleteriously affect the firing of subsequent rounds.

[0008] In other fields, so-called "bulletless ammunition" has been developed. Cartridges without bullets or other sub-
stantial projectiles have been utilized as "blanks" or to propel grenades and the like. However, U.S. Patent No. 3,621,781
discloses bulletless ammunition in which the sidewall of a spent cartridge becomes the projectile propelled by the charge
of the subsequent cartridge. The projectile/case has no head. In the small arms field, substantial developments in such
bulletless ammunition technology were made by Douglas Olson. These include use of cut down brass rifle cases as the
case/projectile for use in revolvers and autoloaders. These are discussed in Karwan, C. Hollowpoint Bulletless Ammo,
Hi-Tech Firearms, Petersen Publishing Co., (Oct., 1998), pp. 65-68.

BRIEF SUMMARY OF THE INVENTION

[0009] Accordingly, in one aspect, the invention is directed to ammunition for use with a discharging apparatus which
has a chamber for receiving the ammunition, amuzzle, and a barrel between the chamber and the muzzle. The ammunition
includes a case comprising in major part zinc and extending aft-to-fore from a base to a mouth and having interior and
exterior surfaces. A propellant charge is carried within the case. An over-powder member cooperates with the case to
enclose the propellant charge. The ammunition lacks a projectile within the case in a location effective to be expelled
from the apparatus and having a mass in excess of a mass of the case.

[0010] In various implementations, the case may be a unitary casting of a zinc alloy. The case exterior surface may
have at least eight circumferential grooves, the grooves occupying a total of at least about 25% of a length of the case.
The plurality of grooves may have widths of between 0.9mm and 1.8mm, peak depths of between 0.08mm and 0.30mm
from a maximum case diameter and, along with interspersed ungrooved areas, extend along at least 70% of the case
length. The peak depths may be between 0.13mm and 0.23mm and the widths between 1.1mm and 1.5mm. The
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interspersed ungrooved areas may have diameters within 0.05mm of the maximum case diameter. The ammunition
may be combined with an industrial ballistic tool barrel having rifling with a land-to-land diameter which is 0.943-0.950in.
(2.395-2.413cm) and a groove-to-groove diameter which is 0.954-0.960in. (2.423-2.438cm). The case exterior surface
may have a circumferential extractor groove having a depth of at least 1mm and separated by no more than 2mm from
an aft extremity of the case. The ammunition may further include a primer. The primer may comprise a metallic cup
mounted in the case base. The primer may be a #209 primer. The case may have a mass of between 70g and 100g, a
length of between 50mm and 65mm, and a maximum diameter of between 20mm and 26mm. The over-powder member
may be a plug or it may be a cap which extends from a rear rim to a front end and has a rear portion encircling a fore
portion of the case. The cap may be formed of a resinous polymer. The case fore portion may include a flange having
an external flange diameter. The cap rear portion may include an inwardly directed part aft of the flange and having an
external diameter less than the flange diameter so as to cooperate with the flange to resist forward translation of the
cap relative to the flange. A cap length may be between 100% and 300% of a case length. There may be a first radial
clearance of at least 1.0mm between the flange and the cap. There may be a second radial clearance of between
interference fit and 0.5mm between the cap inwardly directed part and a neck portion of the case aft of the flange.
[0011] In another aspect, the invention is directed to ammunition for use with a discharging apparatus including a
chamber for receiving the ammunition, a muzzle, and a barrel between the chamber and the muzzle. The ammunition
extends from a rear end to a front end and includes a metallic case. The case extends aft-to-fore from a base at the
ammunition rear end to a mouth and has interior and exterior surfaces. A cover is formed of a polymeric resin and
extends from a rear rim to a front end at the ammunition front end. The cover has a mass not in excess of the mass of
the case and has interior and exterior surfaces. The ammunition further includes a propellant charge advantageously
confined within at least one of the case and cover.

[0012] In various implementation, the case may have a central longitudinal channel extending forward from the primer
pocket at the base to a fore portion proximate the mouth. A primer may be mounted within the primer pocket. The
propellant charge may be confined within a volume at least partially defined by the central longitudinal channel and the
cover interior surface. The cover may have a cover length and the case may have case length less than the cover length.
The cover may consist essentially of injection molded high density polyethylene and the case may consist essentially
of die cast zinc or zinc alloy. The cover interior surface may have a circumferential recess forward of the case and
effective to locally weaken the cover. The weakening is sufficient to permit internal pressure within the cover to sever a
portion ahead of the recess from a portion behind which remains attached to the case when the ammunition is fired.
The recess may have a longitudinal extent of between 1mm to 5mm and may locally thin the cover to a minimum thickness
of between 0.6mm and 1.4mm from an adjacent thickness of between 1.6mm and 2.6mm. The case may have a mass
of between 70g and 100g, a length of between 30mm and 40mm, and a maximum diameter of between 20mm and
26mm. The case exterior surface may have a plurality of circumferential grooves, the grooves occupying a total of at
least about 25% of a length of the case.

[0013] In another aspect, the invention is directed to a method for operating an industrial ballistic tool to discharge a
plurality of ammunition rounds. A plurality of ammunition rounds are provided each comprising a zinc case and a charge
of propellant. A first such round is inserted into a chamber of the tool. Ignition of the charge of the first ammunition round
is caused. A second such ammunition round is inserted into the chamber. Ignition of the charge of the second ammunition
round is caused so as to expel the spent case of the first ammunition round out of the muzzle at an effective muzzle
kinetic energy.

[0014] In various implementation of the invention, the second round insertion and ignition may be repeated, each time
utilizing a new ammunition round to expel the case of the previously-discharged round. Prior to insertion of the first
round, a chargeless case may be inserted into the chamber so that the insertion of the first round advances the chargeless
case toward the muzzle. Prior to insertion of the first round, a preliminary round may be inserted into the chamber. The
charge of the preliminary round may not be ignited and insertion of the first round advances the preliminary round toward
the muzzle. Alternatively, the charge of the preliminary round may be ignited and insertion of the first round advances
the spent case of the preliminary round toward the muzzle. The muzzle kinetic energy may be at least 10kJ. Insertion
of the second round may include engaging an aft end of the spent case of the first round with a fore end of the second
round so as to advance the spent case toward the tool muzzle. The ignition of the charge of the second ammunition
round may include permitting a first portion of a non-metallic cover portion of the second ammunition round to separate
from a remaining second portion and travel behind the spent case of the first ammunition round. This may further comprise
permitting the remaining second portion to seal against the chamber to resist combustion gas leakage around the case
of the second round.

[0015] The present invention may facilitate a number of advantages over prior art slugs. A key potential advantage is
cost. Beyond manufacturing cost, costs of collection and disposal of spent hulls is eliminated. Another advantage is that
use of a metal case does not entail the melting associated with plastic tubes of conventional industrial ammunition. This
may increase reliability.

[0016] The details of one or more embodiments of the invention are set forth in the accompanying drawings and the
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description below. Other features, objects, and advantages of the invention will be apparent from the description and
drawings, and from the claims.
[0017] The objects of the invention are achieved by the subject matter as defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

FIG. 1 is a longitudinal cross-sectional view of an ammunition round according to principles of the invention.

FIG. 2 is a semi-schematic longitudinal sectional view of a spent round in the chamber of an industrial ballistic tool.
FIG. 3 is a semi-schematic longitudinal cross-sectional view of a loaded round in the chamber of the tool with the
spent round advanced tandemly ahead.

FIG. 4 shows the round and spent case of FIG. 3 shortly after the round is fired.

FIG. 5 shows the round and spent case of FIG. 4 as the spent case advances down the tool barrel.

FIG. 6 is a longitudinal cross-section view of a second ammunition round according to principles of the invention.
FIG. 7 is a semi-schematic cut-away view of the round of FIG. 6 in the chamber of the tool with a spent round
advanced tandemly ahead.

FIG. 8 shows the round and spent round of FIG. 7 shortly after the round is fired.

[0019] Like reference numbers and designations in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0020] The term "ammunition" "round of ammunition”, "ammunition cartridge" and the like are commonly associated
with a self contained combination of a projectile and propellant, typically with a case for containing the propellant and
holding the projectile and a primer for igniting the propellant. When typical ammunition is utilized, the propellant charge
of a given round expels the projectile of that round and the spent case is then extracted and replaced with a fresh round.
For convenience, terms such as "round" or "cartridge" may be utilized to describe the ammunition of the present invention,
even though the rounds do not provide the projectile and propellant for a given firing but, rather, the propellant for one
firing and the projectile for the next.

[0021] FIG. 1 shows a projectile cartridge 20 including a case 22, a wad 24, a propellant charge 26, and a primer 28.
In the prototype embodiment, the case is unitarily formed of machined zinc, although cast zinc is preferred for production,
and is symmetric about a central longitudinal axis 500. Other metals, including cast and wrought metals, may be employed.
The case extends along the axis 500 from a head 30 at an aft end to a mouth 32 at fore end. The head has fore and aft
surfaces 34 and 36. A largely cylindrical primer pocket surface 38 extends forward from the aft surface 36 and terminates
at a substantially annular base surface 40. The base surface and primer pocket surface define a primer pocket having
a diameter effective to accommodate the primer 28 in a press fit relation, a fore end of the primer abutting the surface
40 and an aft end substantially flush with the aft surface 36. A cylindrical flash hole surface 42 extends forward from the
base surface 40 to the fore surface 34 to define a flash hole or venting between the primer pocket and the case interior.
[0022] The head includes an extractor/retention groove 50 which separates a rim portion 52 of the head from a web
portion 54 of the head and a case body 56. The body has an interior surface 58 which merges with the fore surface 34
of the head to form the case interior surface. An exterior lateral surface 60 of the head and body forms a substantial
portion of the case exterior surface.

[0023] Internally, the case interior is divided into two volumes 66, 68 by the wad 24: an aft volume or powder (propellant)
chamber 66 between the fore surface 34 and an aft surface 70 of the wad; and a forward volume 68 ahead of a fore
surface 72 of the wad. With the exception of various relieved areas identified below, the surface 60 is substantially
cylindrical, having a diameter D. Along a major portion of the powder chamber, the interior surface 58 has a diameter
Dpc. Along a major portion of the forward volume 68, the interior surface has a diameter Dy which is preferably greater
than Dp¢ so that the wall thickness of the body is smaller along the forward volume than along the powder chamber.
[0024] To secure the wad 24 within the case, an annular internal channel or recess 80 in the body 56 receives an
annular projection 82 of the wad. Cylindrical surfaces 84A and 84B on fore and aft sides of the projection 82 engage
the surface 58 to provide a seal between the wad and the case. Immediately aft of the surface 84B, the case includes
an annular shoulder 86 which divides the portions having respective diameters of D¢ and Dpc.

[0025] Ahead of the extractor groove 50, the exterior lateral surface 60 has an uninterrupted cylindrical portion 87.
Ahead of the uninterrupted portion are a series of grooved portions (grooves) and ungrooved portions (ribs/lands)
extending over a total length L,. In the illustrated embodiment, the grooves 88 each have a length Lg while the ribs 89
each have a length Lg which are of similar magnitude. The groove depth is advantageously smaller than these lengths.
At the fore end of the case, the exterior and interior surfaces are chamfered at respective angles 6, and 6, with a flat
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annular rim 94 therebetween at the case mouth defining frustoconical exterior and interior surface portions 90 and 92.
[0026] The preferred primer is a conventional No. 209 shotshell primer or equivalent which includes a forward-facing
primer cup having a generally cylindrical sidewall 104 and a web 106 spanning the sidewall and forming an aft end of
the primer cup. The primer further includes an aft-facing battery cup having a generally cylindrical sidewall 108 and a
web 110 spanning the sidewall at the forward end thereof to define a forward end of the battery cup and primer. The
primer cup is press fit within the battery cup adjacent the aft end thereof thus closing the otherwise open aft end. The
battery cup is press fit within the head 30 engaging the primer pocket surface 38. Proximate a rim at its aft end, the
sidewall 108 is flared outward.

[0027] The primer cup contains a primer charge 112 which may be covered by a foil or other layer and may preferably
have a lead-free, dinol-based composition. An aft-facing anvil 114 has a base held by the battery cup and a tip extending
centrally into the primer cup proximate the primer charge. A circular flash hole 116 is located centrally within the web
110 to provide flash venting extending from the interior of the battery cup to the powder chamber 66. When the primer
cup is struck via a firing pin, forward deformation of the web 106 causes the primer charge to impact the anvil tip igniting
the primer charge. The ignited primer charge is vented through the flash hole 116 to ignite the propellant 26. In the
exemplary embodiment, the flash hole 116 is a single circular aperture having a diameter roughly equal to or in excess
of the 0.095 inch (0.24 cm) diameter typical in a No. 209 shotshell primer. In the exemplary embodiment, the base of
the anvil has a forward-facing concavity overarching the flash hole. In the exemplary embodiment, the primer has an
overall length of about 0.3 inch (0.76 cm) and the battery cup sidewall outer surface has a diameter about 0.24-0.25
inch (0.612-0.635 cm) and preferably of about 0.241-0.245 inch (0.612-0.622 cm) along a major portion surrounding the
primer cup. The flaring of the aft end of the battery cup produces a local diameter of about 0.3-0.32 inches (0.76-0.81
cm). Specifically, a forward portion of the battery cup extending along a length of about 0.15-0.16 inch (0.38-0.41 cm)
has an predominate external diameter of about 0.241 inch (0.612 cm). The battery cup, having a generally uniform wall
thickness of about 0.02 inch (0.051 cm) expands slightly behind the forward section to form a pocket for receiving the
primer cup. In this area surrounding the primer cup, the battery cup has a predominate external diameter of about 0.245
inch (0.622 cm) until flaring outward at the aft end.

[0028] FIG. 2 schematically illustrates a tool 200 for discharging the inventive ammunition. The tool has a barrel 202
extending along a central longitudinal axis coincident with the projectile axis 500 from a breech end 204 to a muzzle
206. The barrel bore 208 includes rifling 210 extending from a location ahead of the breech to the muzzle. A chamber
area 211 extends forward from the breech end. A bolt 212 is shown in a closed position at the breech and carries a firing
pin 214 and a retention/extraction member 216. FIG. 2 also shows a spent case 22’ positioned in the chamber. The
member 216 extends into the extractor groove of the case 22’ and its aft surface engages the aft surface of the extractor
groove to prevent forward movement of the spent case.

[0029] Toload a fresh round, the member 216 is withdrawn from the extractor groove, decoupling the spent case from
the bolt, and the bolt is withdrawn rearward to an open position (not shown). A fresh round 20 is then fed behind the
chamber and driven into the chamber by the bolt 212. A variety of known feed mechanisms may be utilized including
various actions and magazines. The insertion of the round 20 into the chamber brings the forward rim 94 of the round
into contact with the aft surface 36 of the head of the spent case 22’. The insertion thus drives the spent case from its
former chambered or "firing" position of FIG. 2 to a second, "projectile," position of FIG. 3. In the projectile position, the
mouth of the spent case is advantageously very close to the aft end of the rifling. In the exemplary embodiment, each
land of the rifling includes a bevel 220 at its aft end which provides a transition from the barrel diameter Dg along the
chamberand grooves and D, along the remaining portion of the lands. In the illustrated embodiment, these bevel surfaces
are located adjacent the chamfered surface portion 90 of the spent case in the projectile (FIG. 3).

[0030] With the member 216 engaged to the round 20, the pin 214 carried within the bolt 212 is driven forward and
strikes the aft surface of the web 106 of the primer cup. The engagement between the member 216 and the round 20
prevents the firing pin impact from driving the round 20 forward without igniting the primer. The impact deforms the web
forward and drives the primer charge against the anvil, igniting the primer charge. Hot combustion gases and flames
from the burning primer are vented through the flash holes of the battery cup and case and into the propellant chamber
66 whereupon they ignite the propellant. Combustion gases generated by the burning propellant raise the pressure
within the propellant chamber sufficiently to drive the wad 24 out of engagement with the channel 80, driving the wad
through the forward volume 68 toward the spent case (FIG. 4).

[0031] The wad 24 is driven into engagement with the aft surface 36 of the head of the spent case. Pressure from the
combustion gases compress the wad against the spent case. Under such pressure, the wad deforms radially outward
so that its circumferential perimeter bears against and obturates the barrel to prevent flow of combustion gas ahead of
the wad and thus around and ahead of the spent case/projectile. Expanding combustion gases then propel the wad 24
and spent case/projectile down the barrel (FIG. 5) and expel them from the muzzle. An additional role of the wad may
be to shield the primer cup of the spent case/projectile from the combustion gases. Otherwise, the primer cup might not
be able to withstand the pressure and could rupture, allowing the combustion gases to flow into the spent case/projectile
and, thereby, reduce the net force applied to the spent case/projectile.
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[0032] The process may then be repeated. Optionally, if no spent case is initially present, an unspent round may be
inserted into the chamber and then driven forward to the projectile position by a second unspent round and launched.
Additionally, if it is desired to remove a spent or unspent round from the chamber (such as for tool servicing or to remove
a misfired round), the member 216 is left in place as the bolt is withdrawn and the case or the round ejected as with
conventional ballistic tools and firearms.

[0033] An alternative method of operation involves advancing the spent case from the chambered position to the
projectile position prior to insertion of the next round. This can be accomplished, for example, by a piston mounted within
the bolt. This mode of operation reduces the insertion force required to insert the unspent round.

[0034] A preferred case material is zinc alloy AG40A, having nominal composition by weight: Cu 0.25% max; A1
3.5-4.3%; Mg 0.020-0-05%; Pb 0.005% max; Cd 0.004% max; Sn 0.003% max; and balance Zn. Other alloys may,
however, be utilized. Conventional die casting techniques may be utilized. Other manufacturing techniques, e.g., sem-
isolid casting (rheocasting or thixocasting), nucleated casting, and slush casting may be utilized.

[0035] Conventional eight-gauge industrial ballistic tools have a bore diameter (groove-to-groove if rifled) of about
0.830 + 0.05in. (2.11 + 0.13 cm). An 8-gauge version of the present ammunition might risk accidental attempts to use
conventional ammunition in a tool configured for the inventive round or vice versa. Also, such a size would present
difficulties in providing the desired 3 oz. (85 g) case weight. Accordingly, the case is dimensioned for use with a barrel
having significantly larger land and groove diameters. With such a barrel, the presently preferred land-to-land diameter
is 0.946 in. (2.403 cm) while the preferred groove-to-groove diameter is 0.958 in. (2.433 cm). These larger dimensions
allow the case to meet the weight goal while having appropriate wall thickness, powder chamber volume, and volume
ahead of the wad. The case diameter also defeats attempts to use the preferred inventive ammunition in conventional
tools and vice versa. For such barrel dimensions, a particularly preferred case diameter D is 0.956-0.958 in. (2.428-2.433
cm). This provides the maximum case diameter along the uninterrupted portion 87 and along the ribs 89. This diameter
is effective to allow the associated portions to be engraved by the rifling to induce spin and to obturate with the remaining
bore surface. In the absence of the grooves 88, the drag forces between the barrel and case/projectile would be excessive,
causing loss of muzzle velocity, and undue barrel wear and heating. The rounds, however, may also be utilized with
smoothbore tools with or without rifled extensions.

[0036] A number of factors go into the selection of the geometry and dimensions of the grooves and ribs. The greater
the total length of the relieved areas (and thus the lesser the areas at or substantially at the diameter D), the lower the
frictional drag from engagement with the barrel. Because of the effect of chamber pressure, the length of any given
groove should not be so great that the chamber pressure can cause the case body to buckle outward along such area.
Similarly, the length of each of the interspersed ribs should not be so small that the chamber pressure can cause a
crushing of such ribs which would, thereby, also drive the grooved areas radially outward. The groove depths should
be sufficient for the friction reduction but not so large as to either weaken the body and allow the aforementioned bowing
out or unduly decrease the case mass which is important for maintaining the desired kinetic energy. These factors lead
to the arrangement of ribs and grooves over a substantial length of the case. The exemplary ribs and grooves each have
lengths of 0.050 +/-0.005 in. (0.127 +/- 0.013 cm) and commence at a distance of 0.625 +/-0.005 in. (0.159 +/- 0.013
cm) from the aft extremity of the aft surface 36 and extend all the way to the exterior chamfered surface portion 90.
[0037] For the chamfered surface portions 90 and 92, particularly preferred angles 6, and 6, are 15° +/- 1 ° and 5°
+/- 0.5°. The chamfered surface portion 90 preferably extends along a length of at least about 0.1 in. (0.25 cm) to provide
a degree of improved aerodynamics as well as to facilitate chambering of the rounds. Such length may be affected by
whether the surface portion 90 meets a groove or a rib, a preferred length being between about 0.125 in. (0.318 cm)
and about 0.16 in. (0.406 cm). The angle 0, is effective to ease insertion of the wad 24 through the case mouth but
chosen to not unduly thin the case at the mouth or unduly constrain the length of the exterior chamfered surface portion 90.
[0038] Additionally, in the exemplary embodiment the case rim 52 may be slightly rebated (e.g., to an exemplary rim
diameter similar to the diameter of the grooves 88). The extractor/retention groove 50 is, clearly, further relieved, for
example to a diameter of 0.845-0.850 in. (2.145-2.159 cm), its aft surface being substantially radial and its fore surface
being frustoconical, e.g., at a cone angle of about 45°, leaving a cylindrical portion in between of about 0.085-0.090 in.
(0.216-0.219 cm) in length. An exemplary rim thickness or length is 0.072-0.078 in. (0.183-0.198 cm).

[0039] The wad 24 serves to encapsulate the propellant within the powder chamber. The wad should have sufficient
robustness to do this throughout an anticipated range of handling conditions. It is also desirable that the wad, and its
engagement to the case, be sufficiently robust to allow a moderate increase in chamber pressure when the round is
fired and before the wad is driven forward. The wad should be sufficiently thin and, thereby, leave the forward volume
68 with a sufficient length to yield lower peak chamber pressures than would be present if the wad extended all the way
between the powdered chamber and the mouth. The wad should also be lightweight, to avoid detracting from the kinetic
energy imparted to the spent case/projectile. Accordingly, the exemplary wad is molded of a plastic material polyethylene,
preferably low density polyethylene (LDPE) is believed to provide an advantageous combination of strength and form-
ability for the wad. To further reduce weight relative to its sealing capability, the fore and aft surfaces 72 and 70 are
formed with a central depression, being flat nearly all the way to the outer periphery of the wad and having a fillet-like



10

15

20

25

30

35

40

45

50

55

EP 1 221 015 B1

transition to the associated rim 73A, 73B of near vanishing thickness.

[0040] As noted above, the dimensions of the forward volume 68 are particularly relevant to controlling peak chamber
pressure. Both volume and length may be relevant parameters. The volume of the propellant chamber will largely be
constrained by the required amount of propellant. For an exemplary case having a mass of 3.0 oz. (85 g), an exemplary
propellant charge is 93 grains (6.0 g) of OBP615 BALL POWDER propellant available from Olin Corporation, East Alton,
IL, under license from Primex Technologies, Inc., St. Petersburg, FL. For such a charge, a propellant chamber volume
in the vicinity of or somewhat greater than 0.3803 in.3 (6.24 cm3) is preferred. A number of factors will ultimately influence
the desired case length, wall thickness, and thus the size of the forward volume 68. The length has an influence on
aerodynamics and the wall thickness (by effecting the amount of the remainder of the weight which is found in the case
head) influences balance. Both aerodynamics and balance may affect ballistic performance. The case length and wall
thickness also influence impact performance. A relatively long case wall may be more likely to deform upon impact. This
deformation may reduce the impact shock of the projectile, thus reducing its usefulness for many applications. The
deformation may also help deflect the projectile, potentially also reducing effectiveness. With the foregoing in mind, it is
believed that a thin, short sidewall is advantageous for many industrial applications. This maximizes the mass represented
by the head. If the sidewall is sufficiently thin to be easily deformed by the impact, such deformation will absorb a relatively
small amount of energy. The remaining energy of the head impacting the target will still be effective for the intended
purpose.

[0041] The dimensions of the forward volume 68 are, however, also relevant to controlling peak chamber pressures.
For a given projectile mass, various different muzzle velocities may be desired for various different applications. The
different applications may entail use of different amounts of propellant and/or propellant types (bum rates). It is believed
that for most, if not substantially all, applications, a relatively small forward volume will be sufficient for chamber pressure
control and thus desirable due to the impact-enhancing advantages of the short projectile length associated with the
small forward volume. It is theorized that a forward volume having a length as little as 0.05 inches should be sufficient
to provide chamber pressure control adequate for a ballistic tool used in applications for which present eight-gauge are
effective. Thus an appropriate goal for the length of such forward volume would be in the vicinity of about 0.05 inch to
about 0.1 inch. Depending on wall thickness, with such a relatively small forward volume the overall case length could
be in the range of about 1.5 inches to about 1.75 inches. For such a case, the head length L, and the length L,y of the
flash hole surface 42 and center of the web portion 54 will both be increased by about 0.2 inch to 0.4 inch above the
exemplary prototype dimensions of 0.50 inch and 0.195 inch respectively. Another envisioned modification is an alteration
of the diameter of the flash hole surface 42 from the prototype dimension of 0.10 inch. A decrease in this diameter (e.g.,
toward 0.80 inch) has an advantage of concentrating mass at the head. If the diameter is too small, primer recoil might
occur. Given the length Ly, a significant amount of propellant may be contained within the flash hole surface 42 (which
thus serves as a flash tube). A larger diameter and its associated larger amount of propellant may lead to more rapid
ignition of the main body of propellant within the powder chamber. Thus a smaller diameter may be advantageous if a
less rapid ignition is desired, for example, to help control peak chamber pressures.

[0042] FIG. 6 shows an alternate cartridge 320 including a case 322, a cover 324, a propellant charge 326 and a
primer 328. Subject to the discussion below, various properties and dimensions of the cartridge 320 may be the same
as or similar to those of the cartridge 20 of FIG. 1. The case is preferably a one-piece casting of zinc or a zinc-based
alloy while the cover is preferably a one-molding of low density polyethylene. The case head 330 may be similarly shaped
to the head 30 of the case of FIG. 1, while features proximate the mouth 332 are formed to cooperate with the cover
324. The head has fore and aft surfaces 334 and 336. A primer pocket 338 joined at a base surface 340 to a flash hole
surface 342 may be similarly formed to that of the case of FIG. 1. In order to ease manufacturing, the flash hole may
preferably have at least a slight (e.g., 1 °) fore-to-aft taper. Extractor/retention groove 350, rim 352, and web 354 may
be similarly formed to corresponding elements of the case of FIG. 1. The wall thickness of the body 356 is generally
greater than that of the case of FIG. 1, with a body interior surface being of relatively smaller diameter while body exterior
lateral surface 360 may be of similar diameter. A main portion of the body 356 terminates at an annular forward-facing
shoulder 362. A neck 364 extends forward from the shoulder to a flange 366 having a diameter intermediate those of
the neck and body main portion. Atits forward extremity, the flange is chamferred or bevelled both internally and externally.
The body interior surface 358 extends continuously through the flange, neck and main body portion having a fore-to-aft
taper. The body interior surface 358 cooperates with the flash hole surface 342 and primer pocket surface 338 to form
a central longitudinal channel extending through the case.

[0043] The cover 324 includes an inwardly-directed flange 368 at an aft rim 369. An inwardly-facing surface 370
defining a central aperture in the cover flange 368 has a diameter smaller than a diameter of an external cylindrical
surface of the case flange 366. This permits the cover flange 368 to be captured between the case flange 366 and the
shoulder 362. In the exemplary embodiment, there is a radial gap or clearance between the case flange 366 and the
cover interior surface 372 so that the aft surface or underside of the case flange 366 covers and contacts only an inboard
portion of a forward facing surface of the cover flange 368. In its installed condition, the cover cooperates with the body
interior surface to define a powder chamber containing the charge 326. In the exemplary embodiment, the powder
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chamber has substantially more volume than is necessary to contain the charge. The charge may be unrestrained within
this additional space or an additional member such as a wad may be located within the cover to further confine the charge.
At an intermediate position along the length of the cover, the cover is locally weakened such as by provision
of an annular channel 374 in the interior surface 372. The channel 374 divides fore and aft portions 375A and 375B of
the cover 324. An exemplary channel 374 is formed as a full radius channel having a depth half its longitudinal extent.
The cover exterior surface 376 is generally cylindrical from the rim 369 forward to a rounded transition (e.g., I/O radius

[0044]

EP 1 221 015 B1

of 0.25in.(0.64 cm)) to a flattened front end 378.

[0045]

The case exterior surface 360 is advantageously provided with an alternating series of grooves 388 and ribs 389.

Exemplary manufacturing dimensions of one implementation are as follows:

[0046]

[0047]

Dimension

Value (in.(cm) unless noted)

Rim diameter

0.937-0.003(2.380-0.008)

Rim length

0.075-0.003(0.191-0.008)

Extractor groove base diameter

0.850-0.005(2.16-0.013)

Extractor groove base length

0.085+0.005(0.216+0.013)

Neck length

0.100+0.005(0.254+0.013)

Neck diameter

0.500+/-0.003(1.27+/-0.01)

Case flange length

0.250+/-0.005(0.635+/-0.013)

Case flange diameter

0.588+/-0.003(1.494+/-0.008)

Case flange 1/0 chamfer

0.02(0.05) x 45°

Head fore surface diameter

0.240 +/- 0.005(0.610+/-0.013)

Case interior taper

2° +/-10’

Rib and groove pitch

0.100(0.254)

Rib length

0.032+/-0.005(0.081+/-0.013)

Maximum case (rib) diameter

0.955-0.003(2.426-0.008)

Groove diameter

0.944-0.004(2.395-0.010)

Overall length

2.938(7.463)nominal

Case length

1.363+/-0.003(3.462+/-0.008)

Cover length

1.825+/-0.050(4.636+/-0.127)

Cover outer diameter

0.943+/-0.005(2.395+/-0.013)

Cover principal inner diameter

0.780+/-0.010(1.981+/-0.254)

Cover flange thickness

0.100+/-0.005(0.254+/-0.013)

Cover flange inner diameter

0.500+/-0.003(1.270+/-0.008)

Cover groove depth

0.040(0.102)

Flash hole length

0.50(1.27)

Flash hole diameter

0.10(0.25)

Case mass

3.00+/-0.010z. (85.0+/-0.3g)

Cover mass

6.5+/-0.1g

Propellant charge

90 grains (5.89)

Relative to the cartridge 20, the foregoing dimensions provide the cartridge 320 with both a smaller maximum
diameter and a smaller total length of material at that maximum diameter. This reduces barrel wear and the required
insertion force to chamber a round and drive a spent round forward into the projectile position.

Various parameters of use of the cartridge of FIG. 6 may be similar to that of the cartridge of FIG. 1 and are
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notrepeated in detail. However, FIG. 7 shows an unfired cartridge 320 chambered behind a spent cartridge 320’ analogous
to the illustration of FIG. 3. The spent cartridge comprises the case, spent primer, and aft portion of the cover of the
previously-fired round. When the cartridge 320 is fired, pressure increases within its cover. The pressure increase is
effective to rupture the cover at the channel 374 separating the fore cover portion from the aft cover portion (FIG. 8) and
permitting expanding gas to drive the fore portion along with the spent cartridge ahead down the barrel. The fore cover
portion can provide a significant degree of obturation, significantly preventing combustion gasses from passing around
the spent case/projectile. This, in large part, facilitates a relatively low maximum case diameter and a relatively low
portion of material at that maximum diameter by reducing the need for the case/projectile to obturate itself.

[0048] Additionally, the aft cover portion helps prevent combustion gasses from flowing back around the case being
fired. The presence of the radial gap between the case flange 366 and cover interior surface 372 permits combustion
gas pressure to act on the adjacent portion of the fore surface of the cover flange 368 pressing the aft surface thereof
into firmer engagement with the case shoulder surface 362 to resist infiltration of combustion gasses between the cover
and case and thereby around the case.

[0049] Because of the possibility of additional wadding, encapsulating material, or the like, and to avoid any confusion
regarding the scope of the claims, as such items are argued as being "projectiles" various claims may identify a lack of
a substantial or effective projectile by defining a maximum mass of any item which could be asserted as a projectile.
Where dimensions are given in both English and metric units, the English units are the original value and the metric
units are a conversion.

[0050] One or more embodiments of the present invention have been described. Nevertheless, it will be understood
that various modifications may be made without departing from the scope of the invention. For example, although various
preferred dimensions have been identified, there remains flexibility in choosing the particular dimensions of a particular
cartridge. If compatibility with the preferred cartridge (or with any particular cartridge) is desired, then flexibility in certain
of the dimensions may be highly limited. Accordingly, other embodiments are within the scope of the following claims.

Claims

1. Bulletless ammunition (20; 320) for use with an industrial ballistic tool discharging apparatus that includes a chamber
forreceiving the ammunition, a muzzle and a barrel between the chamber and the muzzle, the ammunition comprising:

- a case (22; 322) formed of zinc or a zinc-based alloy that extends aft-to-fore from a base (36; 336) at the
ammunition rear end to a mouth (32; 332), and has a case head (30; 330) and interior (58, 358) and exterior
(60, 360) surfaces,

- a propellant charge (26; 326) contained within the case (22; 322),

- a member cooperating with the case (22; 322) to enclose the propellant charge (26; 326),

- wherein the member is

-awad (24) or

- a cover (324), wherein the cover includes a fore portion (375A) and an aft portion (375B), and is formed
of polymeric resin, and extends from a rear rim to a front end at the ammunition front end, and has interior
(372) and exterior (376) surfaces,

- the wad (24) or the cover fore portion (375A) being, upon ignition of the propellant charge (26; 326), separable
from the case (22) including the case head (30), or from the case (322) including the case head (330) and the
cover aft portion (375B), and further wherein

- the wad or the cover has a mass not in excess of the mass of the case.

2. The ammunition of claim 1 wherein the case (22; 322) is a unitary casting of a zinc alloy.

3. The ammunition of claim 1 wherein the case exterior surface (60; 360) has at least eight circumferential grooves
(88; 388) said grooves occupying a total of at least about 25% of a length of the case.

4. The ammunition of claim 3 wherein the plurality of grooves (88; 388) have widths of between 0.9mm and 1.8mm
peak depths of between 0.08mm and 0.30mm from a maximum case diameter and, along with interspersed un-
grooved areas extend along at least 70% of the case length.

5. The ammunition of claim 4 wherein said peak depths are between 0.13mm and 0.23mm and said interspersed
ungrooved areas have diameters within 0.05mm of the maximum case diameter.
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The ammunition of claim 4 in combination with an industrial ballistic tool barrel (202) having rifling (210) with a land-
to-land diameter which is 0.943-0.950in. (2.395-2.413cm) and a grove-to-groove diameter which is 0.954-0.960in.
(2.423-2.438cm).

The ammunition of claim 4 wherein the case exterior surface has circumferential extractor groove (50; 350) having
a depth of at least 1mm and separated by no more than 2mm from an aft extremity of the case.

The ammunition of claim 1 further comprising a primer (28; 328).

The ammunition of claim 1 wherein the member (324) is a cover having a rear portion encircling a fore portion of
the case.

The ammunition of claim 9 wherein:

the case fore portion includes a flange (366) having an external flange diameter;

the cover rear portion includes an inwardly directed part (368) art of the flange (366) and having an internal
diameter less than the flange diameter so as to cooperate with the flange to resist forward translation of the
cover relative to the flange; and

a cover length is between 100% and 300% of a case length.

The ammunition of claim 10 wherein:

there is a first radial clearance of at least 1.0 mm between the flange (366) and the cover (324); and
there is a second radial clearance of between interference fit and 0.5 mm between the cover inwardly directed
part (368) and a neck portion (364) of the case aft of the flange (366).

A discharging apparatus for firing ammunition (20, 320), said apparatus comprising:

a chamber for receiving the ammunition;
a muzzle; and
a barrel between the chamber and the muzzle;

characterized in that it contains ammunition as claimed in any one of claims 1 to 11,
said ammunition extending from a rear end to a front end.

The discharging apparatus of claim 12 wherein:

the case has a central longitudinal channel extending forward from a primer pocket portion at the base to a fore
portion proximate the mouth;

a primer is mounted within the primer pocket; and

said volume is at least partially defined by the central longitudinal channel and the cover interior surface.

The discharging apparatus of claim 12 wherein:

the cover has a cover length; and
the case has a case length, less than the cover length.

The discharging apparatus of claim 12 wherein the cover interior surface (372) has a circumferential recess (374)
forward of the case and effective to locally weaken the cover sufficiently to permit internal pressure within the cover
to sever a portion (375A) ahead of the recess from a portion (375B) behind the recess while the portion behind
remains attached to the case when the ammunition is fired.

A method for operating anindustrial ballistic tool to discharge a plurality of ammunition rounds, the method comprising:
(a) providing a plurality of such ammunition rounds, each ammunition round being ammunition as claimed in
any one of claims 1 to 11,

(b) inserting a first such ammunition round into a chamber of the tool,
(c) causing ignition of the charge of the first ammunition round,
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(d) inserting a second such ammunition round into the chamber, and

(e) causing ignition of the charge of the second ammunition round so as to expel the spent case including the
case head of the first ammunition round or the spent case including the case head and the cover aft portion of
the first ammunition round out of a muzzle of the tool at a muzzle kinetic energy.

17. The method of claim 16, wherein upon inserting of the second ammunition round into the chamber, the spent case
of the first ammunition round is advanced toward the muzzle of the tool.

18. The method of claim 16 further comprising one of:

prior to insertion of the first round, inserting a chargeless case into the chamber so that the insertion of the first
round advances the chargeless case toward the muzzle;

prior to insertion of the first round, inserting a preliminary round into the chamber, but not causing ignition of
the charge of the preliminary round, so that the insertion of the first round advances the preliminary round toward
the muzzle; and

prior to insertion of the first round, inserting a preliminary round into the chamber and causing ignition of the
charge of the preliminary round, so that the insertion of the first round advances the spent case of the preliminary
round toward the muzzle.

19. The method of claim 16 wherein:

step (e) comprises permitting a first portion of a cover portion of the second ammunition round to separate from
aremaining second portion and travel behind the spent case of the first ammunition round to provide obturation;
and

step (d) comprises engaging an aft end of the spent case of the first ammunition round with a fore end of the
second such ammunition round so as to advance the spent case toward the muzzle.

20. The method of claim 16 wherein step (e) comprises:

permitting a first portion of a cover portion of the second ammunition round to separate from a remaining second
portion and travel behind the spent case of the first ammunition round; and

permitting the remaining second portion to seal against the chamber to resist combustion gas leakage around
the case of the second round.

21. The method of any one of claims 16-20 further comprising:

repeating steps (d) through (e), each time utilizing a new ammunition round to expel the case of the previously-
discharged round.

22. The method of any one of claims 16-21 wherein said expulsion causes said spent case to impact adherent to remove
such adherent form a surface of a kiln wall.

Patentanspriiche

1. Geschosslose Munition (20; 320) zur Verwendung mit einem ballistischen industriellen Abschussvorrichtungswerk-
zeug, das eine Kammer zur Aufnahme der Munition, eine Miindung, und einen Lauf zwischen der Kammer und der
Miindung umfasst, wobei die Munition aufweist:

- einen Behalter (22; 322), hergestellt aus Zink oder einer Legierung auf Zinkbasis, der sich von hinten nach
vorne von einer Basis (36, 336) am hinteren Ende der Munition zu einer Offnung (32, 332) erstreckt und einen
Behalterkopf (30; 330) und eine innere (58, 358) und eine aulRere (60, 360) Oberflache hat,

- eine Treibladung (26; 326), die in dem Behalter (22, 322) enthalten ist,

- ein Element, das mit dem Behélter (22, 322) zusammenwirkt, um die Treibladung (26, 326) einzuschlieRRen,
- wobei das Element

- ein Propfen (24) oder

- eine Kappe (324) ist, wobei die Kappe einen vorderen Bereich (375A) und einen hinteren Bereich (375B)
umfasst und aus einem polymeren Harz hergestellt ist, und sich von einem hinteren Rand zu einem vorderen
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Ende am vorderen Ende der Munition erstreckt, und eine innere (372) und eine duRere (376) Oberflache hat,
- wobei der Pfropfen (24) oder der vordere Bereich (375A) der Kappe, bei Ziindung der Treibladung (26; 326),
abtrennbar ist von dem Behalter (22) einschlielich des Behalterkopfs (30), oder von dem Behalter (322) ein-
schlief3lich des Behalterkopfs (330) und des hinteren Bereichs (375B) der Kappe, und wobei auRerdem

- der Pfropfen oder die Kappe eine Masse hat, die die Masse des Behalters nicht ibersteigt.

Munition nach Anspruch 1, wobei der Behalter (22; 322) ein einheitliches Gussteil aus einer Zinklegierung ist.

Munition nach Anspruch 1, wobei die duRere Oberflache (60; 360) des Behalters mindestens 8 Umfangsrillen (88;
388) hat, wobei die Rillen insgesamt mindestens etwa 25 Prozent einer Lange des Behélters einnehmen.

Munition nach Anspruch 3, wobei die Mehrzahl von Rillen (88; 388) eine Weite von zwischen 0,9 mm und 1,8mm,
eine Spitzentiefe von zwischen 0,08 mm und 0,30 mm von einem maximalen Behalterdurchmesser hat und sich
zusammen mit dazwischen eingefligten nicht gerillten Bereichen entlang mindestens 70 Prozent der Behalterlange
erstreckt.

Munition nach Anspruch 4, wobei die Spitzentiefen zwischen 0,13 mm und 0,23 mm betragen, und die dazwischen
eingefligten nicht gerillten Bereiche Durchmesser innerhalb von 0,05 mm des maximalen Behalterdurchmessers
haben.

Munition nach Anspruch 4 in Kombination mit einem ballistischen Industriewerkzeuglauf (202) mit einer Riffelung
(210) mit einem Steg-Zu-Steg-Durchmesser, der 0,943 bis 0,950 in. (2,395 bis 2,413 cm) betragt, und einem Rillezu-
Rille-Durchmesser, der 0,954 bis 0,960 in. (2,423 bis 2,438 cm) betragt.

Munition nach Anspruch 4, wobei die duBere Oberflaiche des Behalters eine Umfangs-Auszieherrille (50; 350) hat,
die eine Tiefe von mindestens 1 mm hat und durch nicht mehr als 2mm von einem duferen riickwartigen Ende des
Behalters getrennt wird.

Munition nach Anspruch 1, auflerdem eine Ziindvorrichtung (28; 328) aufweisend.

Munition nach Anspruch 1, wobei das Element (324) eine Kappe ist, die einen hinteren Bereich hat, der einen
vorderen Bereich des Behélters umgibt.

Munition nach Anspruch 9, wobei:

der vordere Bereich des Behalters einen Flansch (366) mit einem Flansch-Auflendurchmesser umfasst;

der hintere Bereich der Kappe einen nach innen weisenden Teil (368), der hinter dem Flansch (366) ist und
einen Innendurchmesser hat, der geringer als der Flanschdurchmesser ist, um mit dem Flansch zusammen-
zuwirken, um einer Vorwarts-Verschiebung der Kappe relativ zu dem Flansch zu widerstehen, umfasst; und
eine Kappenlange zwischen 100 Prozent und 300 Prozent einer Behalterldnge betragt.

Munition nach Anspruch 10, wobei:
es einen ersten radialen Spielraum von mindestens 1,0mm zwischen dem Flansch 366 und der Kappe 324
gibt; und
es einen zweiten radialen Spielraum von zwischen einem Passsitz und 0,5mm zwischen dem nach innen
weisenden Teil (368) der Kappe und einem Halsbereich (364) des Behalters hinter dem Flansch (366) gibt.
Abschussvorrichtung zum Abfeuern von Munition (20, 320), wobei die Vorrichtung aufweist:
eine Kammer zum Aufnehmen der Munition;
eine Mundung; und

einen Lauf zwischen der Kammer und der Miindung;

dadurch gekennzeichnet, dass sie eine Munition enthalt, wie sie in einem der Anspriiche 1 bis 11 beansprucht
ist, wobei sich die Munition von einem hinteren Ende zu einem vorderen Ende erstreckt.

Abschussvorrichtung nach Anspruch 12, wobei:
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der Behalter einen zentralen Langskanal hat, der sich von einem Zindvorrichtungs-Hohlraumbereich an der
Basis nach vorwarts zu einem vorderen Bereich unmittelbar an der Offnung erstreckt;

eine Ziindvorrichtung in dem Ziindvorrichtungs-Hohlraum angebracht ist; und

das Volumen zumindest teilweise durch den zentralen Langskanal und die innere Oberflache der Kappe definiert
wird.

14. Abschussvorrichtung nach Anspruch 12, wobei:

die Kappe eine Kappenlange hat; und
der Behalter eine Behalterlange hat, die geringer ist als die Kappenlénge.

15. Abschussvorrichtung nach Anspruch 12, wobei die innere Oberflache (372) der Kappe eine Umfangsvertiefung
(374) hat, die vor dem Behalter liegt und wirksam ist, die Kappe ortlich ausreichend zu schwachen, um es einem
Innendruck innerhalb der Kappe zu erlauben, einen Bereich (375A) vor der Vertiefung von einem Bereich (375B)
hinter der Vertiefung abzutrennen, wahrend der Bereich dahinter an dem Behalter befestigt bleibt, wenn die Munition
abgefeuert wird.

16. Verfahren zum Betreiben eines ballistischen Industriewerkszeugs, um eine Mehrzahl von Schuss Munition abzu-
schief3en, wobei das Verfahren aufweist:

(a) Bereitstellen einer Mehrzahl derartiger Schuss Munition, wobei jeder Schuss Munition eine Munition ist, wie
sie in einem der Anspriiche 1 bis 11 beansprucht wird,

(b) Einsetzen eines ersten derartigen Schusses Munition in eine Kammer des Werkzeugs,

(c) Veranlassen der Ziindung der Ladung des ersten Schusses Munition,

(d) Einsetzen eines zweiten derartigen Schusses Munition in die Kammer, und

(e) Veranlassen der Ziindung der Ladung des zweiten Schusses Munition, um den verbrauchten Behalter
einschlieRlich des Behéalterkopfs des ersten Schusses Munition oder den verbrauchten Behalter einschlieRlich
des Behalterkopfs und des hinteren Bereichs der Kappe des ersten Schusses Munition aus der Mindung des
Werkzeugs mit einer kinetischen Miindungsenergie auszustof3en.

17. Verfahren nach Anspruch 16, wobei beim Einsetzen des zweiten Schusses Munition in die Kammer der verbrauchte
Behalter des ersten Schusses Munition weitergeschoben wird in Richtung der Mindung des Werkzeugs.

18. Verfahren nach Anspruch 16, auflerdem einen der folgenden Schritte aufweisend:

Vor dem Einsetzen des ersten Schusses, Einsetzen eines ladungslosen Behalters in die Kammer, so dass das
Einsetzen des ersten Schusses den ladungslosen Behélter in Richtung der Miindung weiterschiebt;

Vor dem Einsetzen des ersten Schusses, Einsetzen eines vorausgehenden Schusses in die Kammer, aber
ohne eine Ziindung der Ladung des vorausgehenden Schusses zu veranlassen, so dass das Einsetzen des
ersten Schusses den vorausgehenden Schuss in Richtung der Miindung weiterschiebt; und

Vor dem Einsetzen des ersten Schusses, Einsetzen eines vorausgehenden Schusses in die Kammer und
Veranlassen einer Ziindung der Ladung des vorausgehenden Schusses, so dass das Einsetzen des ersten
Schusses den verbrauchten Behalter des vorausgehenden Schusses in Richtung der Miindung weiterschiebt.

19. Verfahren nach Anspruch 16, wobei:

Schritt (e) aufweist, dass zugelassen wird, dass sich ein erster Bereich eines Kappenbereichs des zweiten
Schusses Munition von einem verbleibenden zweiten Bereich trennt und dem verbrauchten Behalter des ersten
Schusses Munition hinterherwandert, um fiir ein Verstopfen zu sorgen; und

Schritt (d) ein Ankuppeln eines hinteren Endes des verbrauchten Behalters des ersten Schusses Munition an
ein vorderes Ende des zweiten Schusses Munition aufweist, um den verbrauchten Behalter in Richtung der
Miindung weiterzuschieben.

20. Verfahren nach Anspruch 16, wobei Schritt (e) aufweist:
Zulassen, dass sich ein erster Bereich eines Kappenbereichs des zweiten Schusses Munition von einem ver-

bleibenden zweiten Bereich trennt und dem verbrauchten Behalter des ersten Schusses Munition hinterher-
wandert; und
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Zulassen, dass der verbleibende zweite Bereich gegen die Kammer abdichtet, um gegen ein Lecken von Ver-
brennungsgas um den Behalter des zweiten Schusses herum Widerstand zu leisten.

21. Verfahren nach einem der Anspriiche 16 bis 20, auRerdem aufweisend:

Wiederholen der Schritte (d) bis (e), wobei jedes Mal ein neuer Schuss Munition verwendet wird, um den Behalter
des vorher abgeschossenen Schusses auszustofRen.

22. Verfahren nach einem der Anspriiche 16 bis 21, wobei das AusstoRen den verbrauchten Behélter dazu veranlasst,
auf eine Anhaftung aufzutreffen, um eine derartige Anhaftung von einer Oberflache einer Kilnwand zu entfernen.

Revendications

1. Munition sans balle (20 ; 320) destinée a étre utilisée avec un appareil de décharge d’outil balistique industriel qui
comprend une chambre pour recevoir la munition, une bouche et un canon entre la chambre et la bouche, la munition
comprenant :

un étui (22 ; 322) formé avec du zinc ou un alliage a base de zinc qui s’étend de I'arriére vers I'avant a partir
d'une base (36 ; 336) au niveau de I'extrémité arriere de la munition jusqu'a une bouche (32 ; 332) et a une
téte d’étui (30 ; 330) et des surfaces intérieure (58, 358) et extérieure (60, 360),

une charge de propulseur (26 ; 326) contenue a l'intérieur de I'étui (22 ; 322),

un élément coopérant avec I'étui (22 ; 322) pour enfermer la charge de propulseur (26 ; 326),

dans laquelle I'élément est :

un valet (24), ou bien

un couvercle (324), dans laquelle le couvercle comprend une partie avant (375A) et une partie arriere (375B)
et est formé avec une résine polymére, et s’étend a partir d’'un bord arriére jusqu’a une extrémité avant au
niveau de I'extrémité avant de la munition, et a des surfaces intérieure (372) et extérieure (376),

le valet (24) ou la partie avant de couvercle (375A) étant, suite au déclenchement de la charge de propulseur
(26 ; 326), séparable de I'étui (22) comprenant la téte d’étui (30) ou de I'étui (322) comprenant la téte d’étui
(330) et la partie arriere de couvercle (375B), et en outre dans laquelle :

le valet ou le couvercle a une masse qui n’est pas en exces de la masse de I'étui.
2. Munition selon la revendication 1, dans laquelle I'étui (22 ; 322) est un moulage unitaire d’'un alliage de zinc.

3. Munition selon la revendication 1, dans laquelle la surface extérieure (60 ; 360) de I'étui a au moins huit rainures
circonférentielles (88 ; 388), lesdites rainures occupant un total d’au moins environ 25% d’une longueur de I'étui.

4. Munition selon la revendication 3, dans laquelle la pluralité de rainures (88 ; 388) a des largeurs comprises entre
0,9 mm et 1,8 mm, des profondeurs de pic comprises entre 0,08 mm et 0,30 mm a partir d’'un diametre d’étui
maximum et, conjointement a des zones sans rainures parsemées s’étendent le long d’au moins 70% de la longueur
de I'étui.

5. Munition selon la revendication 4, dans laquelle lesdites profondeurs de pic sont comprises entre 0,13 mm et 0,23
mm et lesdites zones sans rainures parsemées ont des diamétres dans la limite de 0,05 mm du diamétre d’étui
maximum.

6. Munition selon la revendication 4 en combinaison avec un canon (202) d’outil balistique industriel ayant une rayure
(210) avec un diametre saillie a saillie qui est de 0, 943 - 0,950 pouce (2, 395 - 2,413 cm) et un diamétre rainure a

rainure qui est de 0, 954 - 0,960 pouce (2,423 - 2,438 cm).

7. Munition selon la revendication 4, dans laquelle la surface extérieure de I'étui a une rainure d’extracteur circonfé-
rentielle (50 ; 350) ayant une profondeur d’au moins 1 mm et séparée de plus de 2 mm d’une extrémité arriere de I'étui.

8. Munition selon la revendication 1, comprenant en outre une amorce (28 ; 328).
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Munition selon la revendication 1, dans laquelle I'élément (324) est un couvercle ayant une partie arriére encerclant
une partie avant de I'étui.

Munition selon la revendication 9, dans laquelle :

la partie avant d’étui comprend un rebord (366) ayant un diamétre de rebord externe ;

la partie arriere de couvercle comprend une partie dirigée vers l'intérieur (368) vers I'arriere du rebord (366) et
ayant un diameétre interne inférieur au diamétre de rebord afin de coopérer avec le rebord pour résister a la
translation vers I'avant du couvercle par rapport au rebord ; et

une longueur de couvercle est comprise entre 100% et 300% d’une longueur d’étui.

Munition selon la revendication 10, dans laquelle :

il existe un premier jeu radial d’au moins 1,0 mm entre le rebord (366) et le couvercle (324) ; et
il existe un second jeu radial compris entre un ajustement avec serrage et 0,5 mm entre la partie dirigée vers
l'intérieur (368) du couvercle et une partie de col (364) de I'arriére d’étui du rebord (366).

Appareil de décharge pour tirer une munition (20 ; 320), ledit appareil comprenant :

une chambre pour recevoir la munition ;
une bouche ; et
un canon entre la chambre et la bouche ;

caractérisé en ce qu’il contient la munition selon I'une quelconque des revendications 1 a 11,
ladite munition s’étendant d’'une extrémité arriére a une extrémité avant.

Appareil de décharge selon la revendication 12, dans lequel :

I'étui a un canal longitudinal central s’étendant vers I'avant a partir d’'une partie de poche d’amorce au niveau
de la base vers une partie avant a proximité de la bouche ;

une amorce est montée a l'intérieur de la poche d’amorce ; et

ledit volume est au moins partiellement défini par le canal longitudinal central et la surface intérieure de couvercle.

Appareil de décharge selon la revendication 12, dans lequel :

le couvercle a une longueur de couvercle ; et
I'étui a une longueur d’étui inférieure a la longueur de couvercle.

Appareil de décharge selon la revendication 12, dans lequel la surface intérieure de couvercle (372) a un évidement
circonférentiel (374) vers I'avant de I'étui et efficace pour affaiblir suffisamment le couvercle localement afin de
permettre a la pression interne a l'intérieur du couvercle de sectionner une partie (375A) devant I'évidement a partir
d’une partie (375B) derriére I'évidement alors que la partie de derriére reste fixée a I'étui lorsque la munition est tirée.

Procédé pour actionner un outil balistique industriel afin de décharger une pluralité d’obus, le procédé comprenant
les étapes consistant a :

(a) prévoir une pluralité de ces obus, chaque obus étant une munition selon I'une quelconque des revendications
1a11,

(b) insérer un premier de ces obus dans une chambre de l'outil,

(c) provoquer le déclenchement de la charge du premier obus,

(d) insérer un second de ces obus dans la chambre, et

(e) provoquer le déclenchement de la charge du second obus afin d’expulser I'étui usagé comprenant la téte
d’étui du premier obus ou I'étui usagé comprenant la téte d’étui et la partie arriére de couvercle du premier obus
hors d’'une bouche de I'outil a une énergie cinétique de la bouche.

Procédé selon la revendication 16, dans lequel aprés avoir inséré le second obus dans la chambre, I'étui usagé du
premier obus est avancé vers la bouche de l'outil.
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18. Procédé selon la revendication 16, comprenant en outre une étape parmi les étapes consistant a :

avant l'insertion du premier obus, insérer un étui sans charge dans la chambre de sorte que linsertion du
premier obus fait avancer I'étui sans charge vers la bouche ;

avant l'insertion du premier obus, insérer un obus préliminaire dans la chambre, sans provoquer le déclenche-
ment de la charge de I'obus préliminaire, de sorte que I'insertion du premier obus fait avancer 'obus préliminaire
vers la bouche ; et

avant l'insertion du premier obus, insérer un obus préliminaire dans la chambre et provoquer le déclenchement
de la charge de I'obus préliminaire, de sorte que l'insertion du premier obus fait avancer I'étui usagé de I'obus
préliminaire vers la bouche.

19. Procédé selon la revendication 16, dans lequel:

I'étape (e) comprend I'étape consistant a permettre a une premiere partie de la partie de couvercle du second
obus de se séparer d’une seconde partie restante et a se déplacer derriére I'étui usagé du premier obus pour
fournir I'obturation; et

I'étape (d) comprend I'étape consistanta mettre en prise une extrémité arriére de I'étui usagé du premier obus
avec une extrémité avant du second obus afin de faire avancer I'étui usagé vers la bouche.

20. Procédé selon la revendication 16, dans lequel I'étape (€) comprend les étapes consistant a :

permettre a une premiére partie d'une partie de couvercle du second obus de se séparer d'une seconde partie
restante et de se déplacer derriére I'étui usagé du premier obus ; et

permettre a la seconde partie restante de se fermer hermétiquement contre la chambre afin de résister aux
fuites de gaz de combustion autour de I'étui du second obus.

21. Procédé selon I'une quelconque des revendications 16 a 20, comprenant en outre I'étape consistant a:

répéter les étapes (d) a (e), en utilisant chaque fois un nouvel obus pour expulser I'étui de I'obus précédemment
déchargeé.

22. Procédé selon 'une quelconque des revendications 16 a 21, dans lequel ladite expulsion améne ledit étui usagé a
avoir un impact sur I'élément adhérent afin de retirer ledit élément adhérent d’'une surface d’'une paroi kiln.
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