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Description
BACKGROUND OF THE INVENTION
[0001] The present invention relates to conventional
guns that use propellant energy in combination with electromagnetic energy in a coil system that acts to launch
projectile mass in the hypervelocity regime. Electromagnetic coil gun projectile launch systems are already
known in the art. An example thereof is disclosed in: "Design and Performance of Sandia’s Contactless Coilgun
for 50mm Projectiles," IEEE Transactions on Magnetics,
Vol. 29, No 1, p. 680, January 1993, R. J. Kaye et al. An
integrated propellant and coil gun system is disclosed in:
"Hypervelocity Projectile Launching System," U.S. Patent Application No. 13/916, 176, 14 June 2013, F. I.
Grace et al. It is known that extremely high magnetic
fields can be obtained using high current levels that are
passed through helically wire-wound coils. When a moving ferromagnetic or metallic material mass interacts with
these magnetic fields, the mass is subjected to extremely
high Lorentz forces. Such devices that employ these interactive forces are known as electromagnetic coilguns
or launchers. In such coilgun, interaction of a metallic
mass with an established magnetic field within the coil
accelerates that mass. When the coil is energized with
electrical current passing through its wires, the field induces a current within the metallic mass that in turn develops a magnetic field about the mass. Both coils and
metallic mass have associated inductances. Inductance
of the coil is proportional to the number of turns of wire
in its windings, while that of the metallic mass corresponds to a single turn. There is also an established mutual inductance associated with the presence of both
magnetic field-generating elements. The change in inductance as the interaction takes place and heat losses
in the process establish the efficiency at which electrical
energy is converted into mechanical or kinetic energy of
the accelerated mass.
[0002] The force on the mass is described by JxB,
which is the cross product of the current density vector
J and magnetic field intensity vector B. When the coil is
fixed in space, and an electrically conductive mass is
initially placed at rest in close proximity to the coil, the
mass may be accelerated either away from or towards
the coil, depending on the sign of the changing electrical
current in the coil. If the mass initially has a velocity, then
the direction of current can either further accelerate the
mass acting as an armature to greater velocity or alternately can retard the motion of the mass. Consequently,
the coil system can act as an accelerator of mass being
a linear electrical motor or a brake. The accelerating system converts electrical energy into kinetic energy whereas the decelerating system converts kinetic energy into
electrical energy. Generally, a single coil having single
or multiple windings is insufficient to provide large
enough acceleration so several such coils are laid end
to end along a central axis to compose a series of coil
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stages. By using a large number of coil stages the mass
can be accelerated to very high velocity provided sufficient external electrical energy can be supplied to the
coil stages. One example of a coil arrangement that can
be employed in devices according to the invention is disclosed in the referenced Sandia article on coilguns. In
addition, a large number of coil stages in the deceleration
system could be used to reduce the initial velocity of the
metallic mass to virtually zero.
[0003] Conventional propellants are routinely used to
accelerate a projectile mass within a gun barrel [Army
(February 1965), Interior Ballistics of Guns, Engineering
Design Handbook: Ballistics Series, United States Army
Material Command, AMCP 706-150. The conversion
mechanism and efficiency of chemical energy supplied
by the propellant to projectile kinetic energy is well understood. There is an upper limit of velocity to which a
projectile mass can be accelerated. Final velocity was
limited by projectile mass, propellant mass, barrel length
and the ability of the breech and barrel to withstand internal pressure from propellant combustion. Further,
muzzle velocity is limited by the sound speed of the propellant gases that cause projectile acceleration. Since
helium has higher sound speed than combustion gases,
guns have been built wherein propellant combustion
pressurizes a mass of helium and the pressurized helium
accelerates
the
projectile.
[Wikipedia.org/wiki/light_gas_gun: Light Gas Gun: Design Physics, 2013.]. Regardless of the amount of propellant used,
type of gas used, barrel strength or length, or diminishing
projectile mass, projectile velocity exiting the muzzle is
limited in the prior art. With such limitation, gun design
efficiency diminishes correspondingly as the theoretical
limit is approached, i.e., progressively more propellant
energy is wasted. These limits associated with the ability
to produce higher projectile muzzle velocity have impeded advances in modem gun technology with regard to
improvements in range, accuracy, hits against highly manoeuvring targets, and lethality.
[0004] Electromagnetic launch of projectiles is not limited by the sound speed of gaseous products. Projectile
velocity is limited by air resistance acting on the projectile
in the barrel, maximum force that the coils can apply given
the maximum currents supported by the projectile, and
maximum magnetic fields that can be generated by the
coils. Since anticipated projectile velocities, perhaps as
high as 4 to 5 kilometers per second are far below these
limiting factors, and since electromagnetic launch does
not involve gases, there is no limiting factor for the cited
velocity ranges of interest.
[0005] Projectile acceleration by a coil gun using single
or multiple coils has been examined mainly to produce
gun systems that do not rely on propellants. [Army Times:
EM technology could revolutionize the mortar, 2011].
Launching a projectile mass from rest to the hypervelocity
range requires a very large supply of electrical energy.
The energy has to be delivered to the system within tens
of milliseconds, which is commensurate with the length
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of the launch system and the time required for the projectile to traverse that length. The power source is external and massive while fast acting and relatively massive
switching devices are required. The higher performing
coilguns contain multiple coils that require additional fast
acting switches as the projectile passes from one coil to
another. An advantage over rail gun is that little friction,
if any, is present between the projectile and the coil unlike
the sliding and erosion prone electrical contacts used in
railgun launch techniques. Power sources used are
heavy magnetically braked rotating machinery and large
capacitor banks that occupy large volumes of space.
Such power sources cannot be easily accommodated by
weapon platforms such as howitzers, tank-fired guns, or
other smaller guns that require improvements.
[0006] US-2,870,675 relates to a gun having two distinct portions: a generator stator and a motor stator. Each
of the stators is tubular, having respecting linear bores,
through which respective projectiles are adapted to be
propelled. The motor stator is several times the length of
the generator stator, but is materially smaller in internal
diameter. The generator stator terminates at a breech
end, but has a rearward extension terminating in a breech
which may be chambered to receive a cartridge case of
substantially conventional form. This extension is a gun
barrel and allows initial acceleration of the generator armature.

5

10

15

20

25

Brief Summary of the Invention
30

[0007] The present invention provides a hybrid gun in
accordance with claim 1. This uses a combination of conventional propellant projectile launch and electromagnetic energy to boost the projectile to very high velocity. In
the process, additional energy is supplied to the system
by expending additional propellant. The electromagnetic
energy is obtained by converting chemical energy from
the additional propellant to kinetic energy and subsequently converting that kinetic energy to electromagnetic
energy using a system of decelerating coils. The electromagnetic energy is then reapplied to a series of accelerating coils to boost the projectile from the velocity provided by the propellant to much higher velocity. Such a
system for accelerating projectiles has an advantage in
that it uses available propellant as a compact power
source, undue large exterior power sources are not required, and the energy is delivered in the appropriate
time frame of projectile launch.
[0008] The approach of the present invention uses two
parallel barrels: an auxiliary barrel generates electrical
current while a main barrel accelerates the projectile. The
main barrel contains a projectile mass and the auxiliary
barrel contains a driver mass. The breech of the auxiliary
chamber is connected to the breech of the main barrel
through an internal orifice, thus ignition of propellant in
the main barrel breech forces high-pressure combustion
gases into the auxiliary barrel. Both driver and projectile
are accelerated down their respective barrels simultane-
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ously to velocities commensurate with propellant launch.
Coil stages along the length of the auxiliary barrel are
used to decelerate the driver to produce electrical energy.
That energy is applied to coil stages along the main barrel
length that act on the moving projectile to further accelerate the projectile into the hypervelocity range.
[0009] In addition, the coils decelerating the driver
along the auxiliary barrel are electrically charged initially
with a relatively small "seed" current on the order of one
kilo-Ampere. The seed current energy source is many
orders of magnitude lower than the subsequent energy
generated by coils arresting the driver mass. Thus, the
volume of a power module that would provide needed
seed current could be relatively small, allowing for a compact, low-energy external power source. The change in
inductance as the driver enters the coils gives rise to
current amplification into the 100 kilo-Ampere range.
Each coil stage used to decelerate the driver mass puts
out a corresponding electrical pulse at about 100 kiloAmpere current levels so that a series
of such electrical pulses are produced. These pulses are
applied to the coils along the main barrel to further accelerate the projectile. A switching network is used to
properly time events so that the generated high-energy
electrical pulses are applied sequentially to the coils
along the barrel giving the projectile a timed set of forces
to accelerate it to higher velocity. Each coil acts to accelerate the projectile incrementally so that any desired total
velocity increase can be obtained by using a sufficient
number of coil stages.
[0010] The current flowing through the final coil or several final coils is adjusted so that the final increment of
velocity imparted to the projectile can be varied. Thus,
such adjustment provides a means to change the projectile’s muzzle velocity to bring it closed to the desired
value. This procedure removes the large amount of muzzle velocity variation from shot to shot, which plagues
conventional gun systems. Such means will contribute
to consistent projectile launch and flight and provide
greater accuracy of projectiles with respect to range.
[0011] Since efficiency of coils in converting electrical
energy into mechanical energy and vice versa is not 100
percent, significant Joule heating within the coils can
arise. The heat raises the temperature of the wires within
the coils and the surrounding structure in which the coils
are embedded. Gun systems are often required to operate under rapid-fire conditions, where repeated Joule
heating of the coils might present undesired temperatures. Thus, the rate at which the gun may be fired depends on the efficiency of the cooling system and therefore imposes a limit on the number of shots that can be
fired within a given time. Several means for mitigating
temperature as related to the invention hereof is disclosed in: M Floyd, et al, "Thermal management of a propulsion circuit in an electromagnetic munition launcher,"
US Patent No. 8677878 B1, March 2014. In addition,
forced air-cooling or liquid techniques could be used to
reduce the thermal issue. With respect to the thermal
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issue, the invention has an advantage since the projectile
travel within the coil stages is frictionless, unlike the friction and rail ablation that takes place when projectiles
are fired from a railgun. Further, the projectile spends
less time under the influence of current since it is moving
and therefore less Joule heating results than in coilguns
that accelerate the projectile from rest.
[0012] The present invention of an integrated hybrid
propellant and electromagnetic coil gun will have recoil
associated with the launch of two masses, but beyond
that, momentum exchange of driver during deceleration
will nearly offset the momentum change when the projectile is boosted to higher velocity. An advantage of the
present invention is that the hybrid gun can launch projectiles of large or standard mass into the hypervelocity
range.
[0013] The firing of conventional propellant guns produces a large flash of light and high blast overpressure
just as the projectile exits the muzzle. These aspects
have consequences in terms of a signature that can give
away the position of the gun and hazardous hearing and
lung response to such high levels of blast. Past approaches to increase projectile velocity by some 10 to 15 percent
by propellant guns have used extended barrel length,
used more propellant, and used more energetic propellant. While the projectile is accelerated at a higher rate
leading to higher muzzle velocity, large amounts of burning propellant are ejected at the muzzle. Thus, greater
intensity and duration of flash occurs and higher blast
pressure exits the gun. Modern guns often are less efficient, have higher flash signatures, and create far more
hazardous blast environments for the gun crew. The
present invention provides means to reduce both effects.
The first means is that higher projectile velocity is obtained using electromagnetic energy rather than more
propellant and more energetic propellants, although such
propellant could be used. A second means comes from
release of combustion gaseous by venting them to the
gun exterior after the projectile has been fully accelerated
by combustion pressures but before the projectile enters
the acceleration coils. The blast is reduced initially from
use of less propellant and venting reduces high-pressure
blast that exits the gun barrel muzzle. Muzzle flash is
reduced since less burning propellant is ejected at the
muzzle.
[0014] An advantage of the present invention is that
electrical energy is used to boost the projectile from a
given velocity to higher velocity rather than accelerating
the projectile from an initial rest position. The referenced
Sandia National Laboratory’s coilgun accelerates a
50mm diameter projectile of 247 grams from rest to 314
meter per second while designs have been put in place
to obtain 1000 meter per second. The present invention,
for example, accelerates the projectile to 1400 meters
per second using standard propellants and uses electrical energy to boost the projectile velocity from 1400 meters per second to a velocity of the order of 2400 meters
per second. Accelerating a moving projectile reduces the
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time that the projectile spends under the influence of each
coil stage, which reduces Joule heating and provides
higher overall efficiency in converting electrical energy
to kinetic energy. Assume a 10 kilogram projectile and a
40 kilogram driver mass are accelerated by propellant to
1400 meters per second. Then the projectile is boosted
from its initial velocity of 1400 to 2400 meters per second,
for example, using 19 megaJoules of electrical energy.
The driver initially has 39 megaJoules of energy at 1400
meters per second and gives up this energy when
brought to zero velocity. Then with decelerator and accelerator systems having 0.7 conversion efficiencies for
an overall combined electromagnetic energy conversion
efficiency of 0.5, there are 19.5 megaJoules of energy
available to further accelerate the projectile to 2400 meters per second.
[0015] In the past, coil guns have been designed, built,
and tested. The most notable groups examining coil guns
include Sandia National Laboratory in Albuquerque, New
Mexico, as disclosed in: "SLINGSHOT - A Coilgun Design Code," Sandia National Laboratories Report,
SAND2001-1780, B, M, Marder, 2001. Sandia National
Laboratory also has contrasted the merits of coilgun and
railgun for launching mortars as disclosed in: "EM Mortar
Technology Development for Indirect Fire," SAND
ADA481646, B. N. Thurman et al, 1 November 2006.
[0016] Notable patents pertaining to coil gun devices
with multiple stages include U.S. Patent Application No.
13/916, 176, F.I. Grace, et al and U.S. Patent No.
8677878 B1, M. Floyd, et al. U.S. Patent Application No.
13/916, 176 details the operation of a conventional propellant gun in combination with an electromagnetic coilgun to launch projectiles to hypervelocity using a single
gun barrel. In U.S. Patent 8677878 B1, the heat ordinarily
produced by the coil stages is reduced by recovering and
storing excess electromagnetic energy to be used on a
subsequent shot; thus allowing for improved efficiency
and reduced delay between firings.
[0017] There exists a demand for guns to be able to
propel projectiles to higher velocity. Such projectiles are
able to travel a greater distance, have reduced time of
flight so that maneuvering targets can be engaged with
higher hit probability, and can provide greater lethal effects on struck targets. High velocity is obtained by accelerating a projectile in two phases using the hybrid approach of the invention; the first phase uses propellants
and a second phase uses electromagnetic energy. A gun
system of the invention uses propellant to generate electrical energy in a separate auxiliary barrel acting as an
electrical generator and applies that energy to further accelerate the projectile already in motion in the main barrel.
Prior propellant gun state-of-art technology alone cannot
accelerate projectiles to hypervelocity. Prior coil gun
state-of-art technology could, in principal, launch projectiles to hypervelocity but only with undue burdens of large,
heavy, and bulky external electrical power supplies. In
addition, recharging such electrical storage devices requires additional machinery and undue amounts of time,
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which can substantially reduce firing rates. Use of coil
gun technology has not been implemented in weaponry
because of the logistics associated with power sources
and the extremely large energy storage system needed
to power sizable and effective projectiles to hypervelocity. In addition to inability to launch projectiles at hypervelocity, conventional guns produce large flash and blast
signatures when fired and therefore give away the gun
position and create hazardous conditions for the gunfiring crew.
[0018] The present invention overcomes many of
these drawbacks. The hybrid gun uses propellant entirely
as the energy source so that large external power supplies are not required. The propellant is applied in similar
manner as conventional guns and can be reloaded rapidly to maintain firing rates. The invention accelerates the
projectile in two phases using conventional propellants
for the first phase and electromagnetic energy in the second phase. The electromagnetic coil system can be more
efficient in the second phase since it acts on a moving
projectile produced by conventional propellant in the first
phase. By the end of the first phase, the projectile has
acquired all of the kinetic energy afforded by the propellant combustion and thus combustion product gases are
vented at that point in the two-phase acceleration process. The early venting of gases reduces the peak blast
pressure as the projectile exits the muzzle and therefore
is less hazardous to the gun crew. The number of coil
stages needed for the hybrid gun to accelerate a projectile to a given hypervelocity is greatly reduced as compared with a coilgun producing that same velocity from
a projectile initially at rest. The invention uses firing procedures similar to conventional gun technology using
propellants, while the electromagnetic aspect can be
made transparent or secondary to gun operations. Therefore, development of the invention is straightforward and
can more easily be implemented in weapons.
[0019] Any and all of the aforementioned techniques
can be combined into a single gun system to produce a
safer, more efficient gun that fires a projectile to a greater
range, delivers a projectile having higher hit probability,
and produces a projectile with more lethality due to higher
velocity. The hybrid gun can be applied to various scenarios where guns are employed. Within the scope of the
present invention, the auxiliary barrel can be detached
as a separate auxiliary gun and located at some distance
from the main gun as an electrical generator. In such
case, a separate cartridge case and igniter would be used
with an igniter unit to fire the main gun and the auxiliary
gun at the same time. Electrical cables would be used to
connect coil stages of the generator gun to the coils of
the main gun. Such configuration could allow the main
gun to be slewed more easily since the mass of the main
gun without the attached auxiliary barrel is reduced. Coilguns have been designed and built from small hobbyist
sizes to 50mm diameter of the referenced Sandia coilgun. Both conventional propellant gun technology and
coil gun technology may operate at any scale. Thus, hy-
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brid guns of the invention can be scaled to various sizes
and can be developed for military equipment. This range
of size includes small arms, howitzers, and large Naval
guns. In that regard, there is no foreseen limit of application. In total, therefore, the invention has advantages
in terms of utility, costs, and performance over prior art
coilgun, railgun, or conventional approaches.
[0020] The present invention provides a gun system
that includes the following components: 1) a main barrel;
2) an auxiliary barrel; 3) acceleration coil stages toward
the end of the main barrel; 4) decelerating coil stages
along the auxiliary barrel; 5) a breech for the main barrel
with passageway to the breech of the auxiliary barrel; 6)
an external low-level electrical source of energy; 7) control and switching networks to apply current generated
by the auxiliary barrel to the coil sets of the main barrel;
8) a driver mass within the auxiliary barrel; 9) a projectile
within the main barrel, and 10) a cartridge case containing
conventional propellant.
[0021] The present invention provides a hybrid gun that
integrates conventional propellant gun technology with
coil gun technology.
[0022] The present invention allows a projectile to be
fired at hypervelocity to extend range, provide accuracy,
and act more effectively on a target.
[0023] The present invention provides greater efficiency in converting kinetic energy to electrical energy and
electrical energy to kinetic energy.
[0024] The present invention provides means to use
conventional propellants as the sole energy or power
source to achieve hypervelocity.
[0025] The present invention provides means for reducing muzzle flash and muzzle blast to reduce gun exposure and environmental hazards acting on gun crews
during firing.
BRIEF DESCRIPTION OF THE DRAWINGS
[0026]
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Figure 1 is a longitudinal-sectional view of one embodiment of the invention, which will be housed in a
suitable gun mount.
Figure 2 is a first longitudinal-sectional view of the
embodiment of the invention as illustrated in Figure
1, which illustrates driver deceleration and projectile
acceleration during firing of the gun.
Figure 3 is a second longitudinal-sectional view of
the embodiment of the invention as illustrated in Figure 1, which illustrates driver deceleration and projectile acceleration during firing of the gun.
Figure 4 is a schematic view of the electrical components according to the invention, which will be
housed in a suitable position adjacent to the gun.
Figure 5 is a schematic of propellant action and electrical functions according to the invention.
Figures 6a to 6c show the operating sequence of an
exemplary coil circuit according to the invention,
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which acts to supply current to the acceleration coils.
Figure 7 is a pictorial showing one form of construction of components according to the present invention.
Figure 8 is a diagram of one exemplary embodiment
of circuitry for operating a hybrid gun device according to the invention.
Figure 9 is a circuit diagram of a circuit embodiment
of the invention associated with three coil sets.
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DETAILED DESCRIPTION OF THE INVENTION
[0027] The basic components of a hybrid gun device
for launching projectiles according to the invention are
shown in Figures 1-4. The device includes a main barrel
with breech, auxiliary barrel with breech, cartridge case
of propellant, driver mass, projectile, deceleration and
acceleration coils stages, an electrical switching network,
and an external electrical source unit to supply a starting
current for the coil stages along the auxiliary barrel.
[0028] As shown, the main gun portion of the system
has a main barrel 1, a breech section 2 that houses the
main barrel 1, a breechblock 3, a main barrel hollow core,
or bore, 4 open at both ends, and a main barrel extension
5. The hollowed volume of the breech section 2 is filled
with propellant 6. The main barrel breech 2 contains a
projectile 7. Surrounding main barrel extension 5 are acceleration coil stages 8 and projectile position sensors
52. In addition, connected to the breech section 2 is an
auxiliary breech section 9 to which auxiliary gun barrel
10 is attached. Auxiliary barrel 10 contains an auxiliary
barrel hollow core, or core, 11 closed at its distal, or outlet,
end. Attached to the end of the auxiliary barrel 10 is an
auxiliary barrel extension 12 that contains a residual velocity absorber 13. The auxiliary barrel extension 12 is
equipped with vent slots 14. Auxiliary barrel 10 contains
driver mass 15 and driver positioning detent 16. The auxiliary barrel extension 12 has attached deceleration coil
stages 17 and driver position sensors 51. The main barrel
breech 2 and auxiliary breech 9 have an internal orifice
18 that leads from the barrel breech 2 to the interior hollow
of auxiliary breech 9. Main barrel 1 and main barrel extension 5 are connected by barrel collar 19. Each coil 17
is coupled to a respective coil 8, as shown in Figures 6.
[0029] Auxiliary barrel 10 and auxiliary barrel extension 12 are also connected by barrel collar 19, which
simply maintains the desired positioning between the
barrels. Barrel collar 19 also connects main barrel 1 to
auxiliary barrel 10. Main barrel 1 and main barrel extension 5 may not have the same diameter and length as
auxiliary barrel 10 and auxiliary barrel extension 12. The
main barrel 1 contains venting slots 50 for venting of gaseous products associated with combustion of propellant
6.
[0030] Detent 16 is a semi-locking mechanism to hold
the driver in place initially when the chamber has no pressure in it. It basically is at least one thin solid body (two
are shown in Figure 1) having parallel opposed sides and
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shaped at the side facing radially inwardly, the detent
surface, to facilitate retention of driver 15 at the proximal,
or rear, end of barrel 10. The, or each, detent slides radially in a cavity of mating size cut into the gun breech.
Its narrow length extends along the longitudinal axis of
barrel 10. According to one embodiment, its radial dimension may be 8 times its narrow length and its circumferential dimension may be 4 times its narrow length. There
may be several such detents located about the gun barrel
circumference.
[0031] The, or each, detent 16 can move only in the
radial direction. The, or each, cavity receiving a detent
16 contains a coil spring (not shown) whose coil axis is
radial. The spring bears against the radially outwardly
facing side of detent 16 to urge the detent radially inwardly. The cavity may have a depth about equal to one-half
the radial dimension of the detent to seat the detent into
the cavity. When retained by detent(s) 16, driver 15 is
not free to move down the gun barrel.
[0032] However, a small taper is placed on the half of
the detent surface that faces the breech end of the barrel.
When combustion pressure acts on the base of driver
15, significant pressure must build up before the component of force acting on the detent due to the inclination
of the tapered surface in the outward radial direction can
overcome the spring force and allow the force due to
pressure to move the detent(s) outward radially, thus
freeing the driver to move longitudinally under the effect
of the pressure from the propellant combustion. After the
driver leaves the vicinity of the detent(s) and after propellant gases have left the barrel, the detent(s) will move
inward due to the force of the spring.
[0033] To return the driver(s) to the initial position
(shown in Figure 1) requires a means to lift the detent.
One method could be to place a taper on the detent surface that faces the muzzle end of the barrel so that the
driver’s motion upon return will impact that tapered surface with sufficient force to retract the detent and allow
the driver(s) to return to its starting position. With the
driver(s) in starting position, the force of the spring moves
the detent into a groove that may be cut in the driver body.
[0034] In operation, propellant 6 is ignited and upon
combustion creates high pressure within the hollow of
main breech 2 and orifice 18. The combustion pressure
is applied to the base of projectile 7 and to driver 15,
which accelerates projectile 7 in main barrel hollow core
4 and driver 15 in auxiliary barrel hollow core 11. Pressure
produced by combustion of propellant 6 is sufficient to
overcome semi-locking detent 16. As projectile 7 moves
from initial position 20 to intermediate position 21 and
driver 15 moves from position 22 to position 23, combustion of propellant 6 produces gases 24 that fill main barrel
hollow core 4 and auxiliary barrel hollow core 11 up to
the base of projectile 7 and the base of driver 15. When
projectile 7 reaches position 21 and driver 15 reaches
position 23, the acceleration phase of projectile 7 and
driver 15 due to combustion of propellant 6 comes to an
end. As projectile 7 passes by venting slots 50, combus-
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tion gases 24 are released to the region surrounding the
gun system.
[0035] With completion of the first acceleration phase
by propellant gases 24, projectile 7 at projectile position
21 approaches the vicinity of main barrel coil stages 8
located along main barrel extension 5, where a second
phase of projectile acceleration begins. Also, driver 15
located at position 23 reaches the vicinity of auxiliary barrel coil stages 17 along auxiliary barrel extension 12
where deceleration of driver 15 begins.
[0036] Driver 15 decelerates as it passes through auxiliary coil stages 17 and arrives at near zero velocity at
driver position 25. Should any small residual velocity of
driver 15 exist at driver position 25, residual velocity absorber 13 acts to bring driver 15 to rest. Ambient air that
initially filled hollow core 11 ahead of driver 15 is vented
through vent slots 14 as driver 15 moves to position 25.
Deceleration of driver 15 in auxiliary barrel coil stages 17
generates electrical energy that is sequentially applied
to main barrel coil stages 8. Projectile 7, passing through
main barrel coil stages 8 to projectile position 26, is accelerated by main barrel coils stages 8 to a velocity beyond that acquired at projectile position 21. The projectile
acceleration taking place within the final stage or stages
of coil stages 8 can be altered by changing applied current so that a velocity correction is made to projectile 7.
[0037] After projectile 7 exits main barrel extension 5,
residual propellant gases 24 that have not been vented
by venting slots 50 can exit the muzzle of main barrel
extension 5. Exit of propellant gases 24 through venting
slots 19 and the muzzle of main barrel extension 5 ultimately reduces pressure in main barrel hollow core 4 and
auxiliary barrel hollow core 11 to ambient conditions.
[0038] A small reversed electrical current applied to
auxiliary coil stages 17 provides a restoring force that
moves driver 15 from driver position 25 back to the initial
position 22 of driver 15 in advance of the next shot.
[0039] An alternate means of restoring driver 15 to position 22 uses a small amount of stored gases from propellant gases 24 that are subsequently injected into
space between driver position 25 and absorber 13 together with a means for temporarily closing vent slots 14.
Breechblock 3 is opened and a new projectile 7 and
charge of propellant 6 is loaded into the main barrel
breech 2. Breechblock 3 is closed and propellant 6 is
ready to be ignited for another shot.
[0040] Referring to Figure 4, external low-level power
source 27 connects electrically and conductively to deceleration coil stages 17 through source cable 28. Deceleration coil stages 17 connect to switching network
29 through power cable 30 while electrical output from
switching network 29 connects to acceleration coil stages
8 through output cable 31. Source cable 28, power cable
30, and output cable 31 may contain multiple wires such
that power source 27 and switching network 29 can supply sequenced electrical pulses to decelerator coil stages
17 and accelerator coil stages 8.
[0041] Figure 5 shows a schematic of propellant action
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and electrical functions that take place sequentially during gun firing. At 100, the signal to fire the gun is produced
and acts to initate, at 101, supply of a seed current to the
decelerator coil of at least the first coil set initiate, at 103,
delay of an ignition signal to the projectile cartridge case
primer. At 105 the propellant is ignited and the projectile
receives its initial acceleration. At 107, the driver interacts
with successive decelerator coils. At 109, high current is
sent to each successive accelerator coil and, at 111, the
projectile undergoes successive supplemental accelerations.
[0042] Figures 6 give one example of a circuit that produces electrical pulses to accelerate projectile 7. The circuit is comprised of battery 32 representing power source
27, capacitor 33, a single decelerator coil represented
by decelerator inductor 34, decelerator coil resistance as
decelerator coil resistor 35, a single accelerator coil given
as accelerator coil inductor 36, and an accelerator coil
resistance represented by accelerator resistor 37. Circuit
switches include power switch 38, decelerator coil switch
39, and accelerator coil switch 40. Coil 34 corresponds
to coil 17 and coil 36 corresponds to coil 8.
[0043] In operation, as shown in Figure 6a, capacitor
33 is electrically charged from battery 32 when initially
open switch 38 is subsequently closed forming an initial
circuit that contains only the battery 32 and capacitor 33.
Switch 39 and switch 40 are open to prevent current from
flowing in the remainder of the circuit during the time taken to fully charge capacitor 33.
[0044] Then, as shown in Figure 6b, after capacitor 33
is sufficiently charged, switch 38 is opened while switch
39 is closed, which creates an intermediate circuit that
includes capacitor 33, inductor 34, and resistor 35. In this
circuit state, electrical current is discharged from capacitor 33 into decelerator coil inductor 34 and decelerator
coil resistor 35. Current flow through decelerator coil inductor 34 establishes a magnetic field 41 within the decelerator coil inductor 34. As driver 15 enters decelerator
coil inductor 34, circuit inductance is reduced, driver 15
is decelerated, and the current rises, which flows back
into capacitor 33 producing a high level of energy stored
in capacitor 33. Direction of current flow within the decelerator coil inductor 34, the established magnetic field 41,
and current induced in metallic driver 15 develop decelerating forces that act on driver 15.
[0045] Then, as shown in Figure 6c, after an increment
of velocity is lost from the driver by entering decelerator
coil 36, a final circuit state is established that connects
capacitor 33 with accelerator coil inductor 36 and accelerator coil resistor 37 by closing switch 41 and opening
switch 39. Current flow through the accelerator coil inductor 36 develops a magnetic field 42 within accelerator
coil inductor 36. The direction of current flow in the final
circuit, direction of magnetic field 42 and induced current
in the projectile 7 develops accelerating forces acting on
projectile 7. After initial, intermediate, and final circuits
complete assigned functions, all switches are returned
to positions of the initial circuit in advance of the next shot.
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[0046] Exemplary materials for the above described
components may include conducting metals such as copper or aluminum for projectile 7, driver 15, wires for inductor 34 and inductor 37. The projectile 7 may have an
outer sheath of high conductivity metal to accommodate
induced currents. Main barrel 1, main barrel breech 2,
auxiliary barrel breech 9, auxiliary barrel 10, breechblock
3, and collar 19 are composed gun barrel steel or other
high strength metal, while main barrel extension 5 and
auxiliary barrel extension 12 are composed high strength
wound glass or carbon filament composites or other material transparent to magnetic fields. Electrical components to include cables, circuitry, and coils use high conductivity metals such as copper. The absorber 13 is composed of spring steel or suitable energy absorbing material. Propellant 6 can be of any suitable type known to
those skilled in the art.
[0047] Figure 7 is essentially a pictorial view of an exemplary embodiment of the invention equipped with, by
way of example, 10 coil sets. This embodiment will be
operated in the manner disclosed herein with reference
to the other figures.
[0048] Figure 8 illustrates one example of circuitry for
operating a hybrid gun device according to the invention.
This is composed essentially of a component 200 that
produces a signal to fire the gun, typically in response to
actuation of a trigger mechanism, and a plurality of circuit
units, each connected to control a respective one of the
coil sets that are spaced apart along the barrels.
[0049] Each circuit unit is composed of a switching network 202, 202’, driver position sensor 51, 51’, and projectile position sensor 52, 52’. Each network 202, 202’
contains a respective control logic module 210, 210’, a
respective power actuator A, A’, and a respective power
actuator B, B’. Each actuator A contains switches 38 and
39 (Figures 6) and each actuator B contains switch 40
of its associated coil set.
[0050] While Figure 8 shows two circuit units, it will be
understood embodiments of the invention will have a
number of circuit units equal to the number of coil sets
with which the gun is equipped, one circuit unit for each
coil set.
[0051] Each circuit unit is constructed to route current
to the respective decelerator coil and accelerator coil at
proper times.
[0052] A respective driver position sensor 51 is located
near each decelerator coil stage along auxiliary barrel
extension 12 and a respective projectile position sensor
52 is located near each acceleration coil stage along barrel extension 5. Sensors 51 and 52 are located upstream
of their associated coils. Each storage capacitor 33, 33’
may be located on or near to the hybrid gun system with
suitable electrical cables connecting to power actuators
A and B, deceleration coils 34, and acceleration coils 36.
[0053] Each control logic module is composed of multiple transistors connected respectively to the firing unit
and position sensors 51 and 52 such that signals received
from the sensors cause the transistors to apply current
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to respective solenoids, which actuate switches 38, 39,
40, in the desired sequence.
[0054] In operation, a signal to fire the gun is sent from
component 200 to the control logic modules, which in
turn instruct power actuator A to close switch 38 of each
coil set to connect the storage capacitor to an outside
low-level power source representing battery 32.
[0055] This action charges storage capacitors 33 initially.
[0056] As driver 15 approaches a deceleration coil 34,
a signal is sent by the driver position sensor 52 to the
control logic module to open switch 38 within the power
actuator A to the outside power source and close switch
39 within the power actuator A to connect the storage
capacitor 33 to decelerator coil 34. This action applies
seed current to the decelerator coil 34 and creates magnetic field 41 that retards the moving driver 15 and generates a high level of current.
[0057] Subsequently, the generated current flows back
into storage capacitor 33 since switch 39 between decelerator coil 34 and the capacitor 33 is closed. After storage
capacitor 33 has received nearly all the charge generated
by the passage of driver 15 through decelerator coil 34,
the control logic module instructs power actuator A to
disconnect the storage capacitor from decelerator coil
34, i.e., to open switch 39.
[0058] As projectile 7 reaches the proper position with
respect to accelerator coil 36, projectile position sensor
51 sends a signal to the control logic module to instruct
actuator B to connect the storage capacitor to accelerator
coil 36, by closing switch 40. Flow of current from the
storage capacitor through accelerator coil 36 creates
magnetic field 42 that accelerates projectile 7.
[0059] After a suitable delay, the control logic module
may require that switch 40 connecting storage capacitor
33 to acceleration coil 36 be opened at a time when storage capacitor 33 retains a small amount of charge to
provide seed current to the next coil stage through the
power actuator A of the next coil stage, for example. This
will be explained more fully below in the description of
the embodiment shown in Figure 9.
[0060] The process of alternately charging the storage
capacitor by decelerator coils, and in turn having the storage capacitor supply current to accelerator coils, is repeated sequentially from the first coil stage to successive
coil stages wherein driver 15 undergoes successive decelerations and projectile 7 undergoes successive accelerations.
[0061] Control logic module 210, 210’ is an electronic
device powered by a low-level power source represented
by battery 32 that supplies power to the power actuators
A and B when instructed to do so. The control logic module consists of many three-terminal transistors that can
produce output current on two output terminals in response to a voltage change placed on the third terminal.
The driver position sensor 51 and projectile position sensor 52 provide the voltage change when the driver 15 or
projectile 7 passes by the respective sensor. The manner
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of constructing the control logic modules will be readily
apparent to those skilled in the art.
[0062] Sensors 51 and 52 may each consist typically
of a single or few turn coil wound about the barrels, or
Rogowski coils, located at appropriate positions along
the auxiliary barrel extension 12 or barrel extension 5,
respectively. The two transistor output terminals are connected to a solenoid within power actuator A or B that
powers a mechanical switch that corresponds to switches
38, 39, 40. The mechanical switch connects the storage
capacitor 33 to battery 32, deceleration coil 34, or acceleration coil 36 at appropriate times. When the transistor
produces no output current, a particular switch remains
in the open position and therefore does not connect any
of the indicated components. When the transistor produces output current, a particular switch within the power
actuator is closed to connect the storage capacitor 33 to
one of the discussed components. The number of such
transistors required includes one for the switch connecting battery 32 to capacitor 33, and corresponding others
to connect the storage capacitor 33 to decelerator coil
34 and accelerator 36 coil that are included in the system.
[0063] Figure 9 shows a variant of the circuitry for controlling the coil sets. Three coil sets are shown with the
switches to send current to and from the three decelerator
coils and to three switches to send current to the accelerator coils. Switching may be controlled by circuitry of
Figure 8, except that only one capacitor will be provided
to send seed current to each decelerator coil in sequence.
[0064] Driver position sensors #1, #2 and #3 correspond to sensors 51, projectile position sensors #1, #2
and #3 correspond to sensors 52, decelerator coils #1,
#2 and #3 correspond to coils 34 accelerator coils #1, #2
and #3 correspond to coils 36, switches 1d, 2d, 3d correspond to switches 39 and switches 1d, 2d, 3d correspond to switches 39 and switches 1a, 2a, 3a correspond
to switches 40.
[0065] Each coil set and its associated switches are
controlled by a respective set of position sensors.
[0066] Initially, all switches are open. Then, the capacitor is charged, as shown in Figures 6 and 9 and as previously described, by closing the switch provided between the power source and the capacitor upon production of a signal to fire the gun. During function of each of
the coil sets, only one switch is closed at a time and each
coil set is operated independently.
[0067] To start a switching network, driver 16 approaches decelerator coil #1. Driver position sensor #1
senses that the driver is about to pass through decelerator coil #1, in response to which a signal is sent, e.g.,
from power actuator A in Figure 8, to close switch 1d to
supply power from the capacitor to decelerator coil #1to
initially energize the coil and create a low-level magnetic
field.
[0068] As driver 15 passes through decelerator coil #1,
a large current is developed in decelerator coil #1 that
passes through closed switch 1d to the capacitor to recharge the capacitor, now to a very high level of electrical
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charge.
[0069] After that, switch 1d is opened, and the capacitor is not connected to anything.
[0070] Then projectile position sensor #1 senses that
the projectile is in the proper position relative to accelerator coil #1 to begin the projectile acceleration process.
At that point the projectile position sensor #1 produces
a sensing signal to the associated actuator (e.g., power
actuator B in Figure 8) to send power to the solenoid of
switch 1a to close switch 1a. Now, only accelerator coil
#1 is connected to the capacitor. The capacitor can now
send the stored energy to accelerator coil #1, which creates a high intensity magnetic field within accelerator coil
#1 to accelerate the projectile.
[0071] After the projectile has been accelerated, but
before all energy has been drained from the capacitor,
switch 1a is opened under control of the associated power actuator.
[0072] Now all switches are open so the capacitor is
not connected to anything.
[0073] Shortly thereafter, driver position sensor #2
senses that the driver is now close to decelerator coil #2
and thus sends a signal to cause the associated power
actuator (e.g., power actuator A’ in Figure 8) to close
switch 2d. With switch #2d closed, the capacitor furnishes
seed current to decelerator coil #2 to create a low-level
magnetic field in preparation for generation of high current in decelerator coil #2 as the driver passes therethrough. That high level current flows back into the capacitor since it is connected to decelerator coil #2 by
switch 2d. Once the driver and decelerator coil #2 have
completed the storing of high energy in the capacitor,
switch 2d is opened so that nothing is connected to the
capacitor at this point.
[0074] Meanwhile projectile position sensor #2 senses
that the projectile has advanced to the proper position
relative to accelerator coil #2, to be accelerated. Thus,
projectile position sensor #2 signals the associated power actuator (e.g., power actuator B’ in Figure 8) to close
switch 2a. Closing of switch 2a applies current to accelerator coil #2 and the projectile receives another increment of acceleration. Before all the energy is dumped
from the capacitor, switch 2a is opened so that some
residual change remains to provide seed current to decelerator coil #3. The entire process is repeated for each
coil set in the system.
[0075] While the description above refers to particular
embodiments of the present invention, it will be understood that many modifications may be made. For example, multiple coils are used to improve efficiency of the
electro-mechanical system and as such many coil sets
can be used beyond the three stages shown herein. The
accompanying claims are intended to cover such modifications as would fall within the true scope of the present
invention as claimed. The presently disclosed embodiments are therefore to be considered in all respects as
illustrative and not restrictive, the scope of the invention
being indicated by the appended claims, rather than the
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27 - 31) coupled between said auxiliary gun portion and said main gun portion and including inductors (8, 17) that transfer kinetic energy from
said driver body to the projectile following detonation of the propellant.

foregoing description, and all changes which come within
the meaning and range of equivalency of the claims are
therefore intended to be embraced therein.
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Claims
1.

2.

The hybrid gun of claim 1, wherein each of said gun
portions comprises a respective barrel part (5, 12)
along which said electromagnetic energy transfer
circuit is disposed, said respective barrel parts being
made of a material that is substantially transparent
to electromagnetic radiation.

3.

The hybrid gun of claim 2, wherein said material that
is substantially transparent to electromagnetic radiation is a dielectric material.

4.

The hybrid gun of claim 3, wherein said dielectric
material is a carbon composite material.

5.

The hybrid gun of claim 1, wherein each of said main
and auxiliary gun portions comprises a main barrel
part (1, 10) and an extension barrel part (5, 12), said
extension barrel part of each of said gun portions
being made of a material that is substantially transparent to electromagnetic radiation.

6.

The hybrid gun of claim 5, wherein said material that
is substantially transparent to electromagnetic radiation is a dielectric material.

7.

The hybrid gun of claim 5, wherein said dielectric
material is a carbon composite material.

8.

The hybrid gun of claim 5, wherein said electromagnetic energy transfer circuit comprises at least one
pair of coils (8, 17) including a decelerator coil (17)
positioned along said extension barrel part of said
auxiliary gun portion, and an accelerator coil (8) positioned along said extension barrel part of said main
gun portion.

9.

The hybrid gun of claim 8, wherein said electromagnetic energy transfer circuit further comprises a current source (27) connectable to said decelerator coil
to supply a seed current to said decelerator coil.
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A hybrid gun for firing a projectile (7) that is at least
partly electrically conductive, said gun comprising:
a main gun portion (1, 5) having a proximal end
and a distal end, and a first longitudinal bore (4)
extending between said ends and open at both
ends, for receiving the projectile;
an auxiliary gun portion (10, 12) having a proximal end and a distal end, and a second longitudinal bore (11) extending between said ends,
open at said proximal end and closed at said
distal end;
a driver body (15) of electrically conductive material installed in, and movable along, said second longitudinal bore, said driver body being
normally retained at said proximal end of said
auxiliary gun portion;
a breech block (3) enclosing a space for containing a propellant (6) and communicating with
said proximal ends of said first and second longitudinal bores; and
an electromagnetic energy transfer circuit (8, 17,
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10. The hybrid gun of claim 9, wherein said electromagnetic energy transfer circuit further comprises a
switching network (29) connected to said coils (8,
17) and having a first switching state in which the
seed current is supplied to said decelerator coil and
a second switching state in which said coils are connected together in series.

55

11. The hybrid gun of claim 5, further comprising a detent
element (16) in said bore (11) of said auxiliary gun
portion (10) that temporarily holds said driver body
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das im Wesentlichen gegenüber elektromagnetischer Strahlung transparent ist, ein dielektrisches
Material ist.

(10) at said proximal end of said auxiliary gun portion.
12. The hybrid gun of claim 1, further comprising a detent
element (16) in said bore of said auxiliary gun portion
(10) that temporarily holds said driver body (15) at
said proximal end of said auxiliary gun portion.
13. The hybrid gun of claim 1, wherein said main gun
portion (1) has a vent (50) communicating with said
bore to permit escape of propellant gas from said
bore.
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4.

Hybridpistole nach Anspruch 3, wobei das dielektrische Material ein Kohlenstoff-Kompositmaterial ist.

5.

Hybridpistole nach Anspruch 1, wobei der PistolenHauptabschnitt und der Pistolen-Hilfsabschnitt einen Rohr-Hauptabschnitt (1,10) und einen RohrVerlängerungsabschnitt (5, 12) aufweist, wobei der
Rohr-Verlängerungsabschnitt von jedem der Pistolenabschnitte aus einem Material hergestellt ist, das
im Wesentlichen gegenüber elektromagnetischer
Strahlung transparent ist.

6.

Hybridpistole nach Anspruch 5, wobei das Material,
das im Wesentlichen gegenüber elektromagnetischer Strahlung transparent ist, ein dielektrisches
Material ist.

7.

Hybridpistole nach Anspruch 5, wobei das dielektrische Material ein Kohlenstoff-Kompositmaterial ist.

8.

Hybridpistole nach Anspruch 5, wobei die elektromagnetische Energieübertragungsschaltung mindestens ein Paar von Spulen (8, 17) aufweist, die
eine Verzögerungsspule (17) einschließen, die entlang des Rohr-Verlängerungsabschnitts des Pistolen-Hilfsabschnitts angeordnet ist, und eine Beschleunigungsspule (8), die entlang des Rohr-Verlängerungsabschnitts des Pistolen-Hauptabschnitts
angeordnet ist.

9.

Hybridpistole nach Anspruch 8, wobei die elektromagnetische Energieübertragungsschaltung weiterhin eine Stromquelle (27) aufweist, die an die Verzögerungsspule
anschließbar ist, um der Verzögerungsspule einen
Startstrom zuzuführen.

10

Patentansprüche
15

1.

Hybridpistole zum Abschuss eines Projektils (7), das
mindestens zum Teil elektrisch leitend ist, wobei die
Pistole folgendes aufweist:
einen Pistolen-Hauptabschnitt (1,5) mit einem
proximalen Ende und einem distalen Ende, und
einer ersten Längsbohrung (4), die sich zwischen den Enden erstreckt und an beiden Enden offen ist, zur Aufnahme des Projektils;
einen Pistolen-Hilfsabschnitt (10, 12) mit einem
proximalen Ende und einem distalen Ende, und
einer zweiten Längsbohrung (11), die sich zwischen den Enden erstreckt, die an dem proximalen Ende offen und an dem distalen Ende
geschlossen sind;
einen Freilaufkörper (15) aus elektrisch leitendem Material, eingerichtet in und verschieblich
entlang der zweiten Längsbohrung, wobei der
Freilaufkörper normalerweise an dem proximalen Ende des Pistolen-Hilfsabschnitts zurückgehalten wird;
einen Verschlussblock (3), der einen Raum zur
Aufnahme eines Treibmittels (6) verschließt und
mit den proximalen Enden der ersten und zweiten Längsbohrungen kommuniziert; und
eine elektromagnetische Energieübertragungsschaltung (8,17, 27 - 31), die zwischen dem Pistolen-Hilfsabschnitt und dem Pistolen-Hauptabschnitt geschaltet ist und Induktoren (8,17) aufweisend, die im Anschluss an die Detonation
des Treibmittels kinetische Energie von dem
Freilaufkörper zu dem Projektil überträgt.

2.

3.

Hybridpistole nach Anspruch 1, wobei die Pistolenabschnitte jeweils einen entsprechenden Rohrabschnitt (5, 12) aufweisen, entlang dem die elektromagnetische Energieübertragungsschaltung angeordnet ist, wobei die jeweiligen Rohrabschnitte aus
einem Material hergestellt sind, das im Wesentlichen
gegenüber elektromagnetischer Strahlung transparent ist.
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10. Hybridpistole nach Anspruch 9, wobei die elektromagnetische Energieübertragungsschaltung weiterhin ein Schaltnetzwerk (29) aufweist, das an die
Spulen (8, 17)
angeschlossen ist und mit einem ersten Schaltstatus, in dem die Verzögerungsspule mit Startstrom
gespeist wird, und einem zweiten Schaltstatus, in
dem die Spulen miteinander in Serie geschaltet sind.

50
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11. Hybridpistole nach Anspruch 5, weiterhin aufweisend ein Rastelement (16) in der Bohrung (11) des
Pistolen-Hilfsabschnitts (10), das den Freilaufkörper
(10) vorübergehend an dem proximalen Ende des
Pistolen-Hilfsabschnitts hält.
12. Hybridpistole nach Anspruch 1, weiterhin aufweisend ein Rastelement (16) in der Bohrung des Pis-

Hybridpistole nach Anspruch 2, wobei das Material,

11

21

EP 3 084 337 B1

ledit matériau diélectrique est un matériau composite de carbone.

tolen-Hilfsabschnitts (10), das den Freilaufkörper
(15) vorübergehend an dem proximalen Ende des
Pistolen-Hilfsabschnitts hält.
13. Hybridpistole nach Anspruch 1, wobei der PistolenHauptabschnitt (1) ein Luftloch (50) aufweist, das mit
der Bohrung kommuniziert, um das Entweichen von
Treibmittelgas aus der Bohrung zu ermöglichen.
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5.

Arme hybride selon la revendication 1, dans laquelle
chacune desdites parties arme principale et auxiliaire comprend une partie canon principale (1, 10) et
une partie canon d’extension (5, 12), ladite partie
canon d’extension de chacune desdites parties arme
étant constituée d’un matériau qui est sensiblement
transparent au rayonnement électromagnétique.

6.

Arme hybride selon la revendication 5, dans laquelle
ledit matériau qui est sensiblement transparent au
rayonnement électromagnétique est un matériau
diélectrique.

7.

Arme hybride selon la revendication 5, dans laquelle
ledit matériau diélectrique est un matériau composite de carbone.

8.

Arme hybride selon la revendication 5, dans laquelle
ledit circuit de transfert d’énergie électromagnétique
comprend au moins une paire de bobines (8, 17)
comprenant une bobine de décélération (17) située
le long de ladite partie canon d’extension de ladite
partie canon auxiliaire, et une bobine d’accélération
(8) située le long de ladite partie canon d’extension
de ladite partie canon principale.

9.

Arme hybride selon la revendication 8, dans laquelle
ledit circuit de transfert d’énergie électromagnétique
comprend, en outre, une source de courant (27) pouvant être raccordée à ladite bobine de décélération
pour alimenter ladite bobine de décélération en courant initial.
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Revendications
1.

Arme hybride pour tirer un projectile (7) qui est, au
moins partiellement, conduit l’électricité, ladite arme
comprenant :
une partie arme principale (1, 5) comportant une
extrémité proximale et une extrémité distale, et
un premier alésage longitudinal (4) s’étendant
entre lesdites extrémités et ouvert aux deux extrémités, pour recevoir le projectile ;
une partie arme auxiliaire (10, 12) comportant
une extrémité proximale et une extrémité distale, et un second alésage longitudinal (11) s’étendant entre lesdites extrémités, ouvert à ladite
extrémité proximale et fermé à ladite extrémité
distale ;
un corps entraîneur (15) d’un matériau conducteur d’électricité installé dans ledit second alésage longitudinal, et mobile le long de ce dernier,
ledit corps entraîneur étant normalement retenu
à ladite extrémité proximale de ladite partie arme
auxiliaire ;
un bloc culasse (3) enfermant un espace pour
contenir un propulseur (6) et communiquant
avec lesdites extrémités proximales desdits premier et second alésages longitudinaux ; et
un circuit de transfert d’énergie électromagnétique (8, 17, 27-31) accouplé entre ladite partie
arme auxiliaire et ladite partie arme principale
et comprenant des inducteurs (8, 17) qui transfèrent l’énergie cinétique dudit corps entraîneur
au projectile après la détonation du propulseur.

2.

3.

4.

Arme hybride selon la revendication 1, dans laquelle
chacune desdites parties arme comprend une partie
canon (5, 12) respective le long de laquelle ledit circuit de transfert d’énergie électromagnétique est situé, lesdites parties canon respectives étant constituées d’un matériau qui est sensiblement transparent au rayonnement électromagnétique.
Arme hybride selon la revendication 2, dans laquelle
ledit matériau qui est sensiblement transparent au
rayonnement électromagnétique est un matériau
diélectrique.
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10. Arme hybride selon la revendication 9, dans laquelle
ledit circuit de transfert d’énergie électromagnétique
comprend, en outre, un réseau de commutation (29)
relié auxdites bobines (8, 17) et présentant un premier état de commutation dans lequel le courant initial est fourni à ladite bobine de décélération et un
second état de commutation dans lequel lesdites bobines sont reliées l’une à l’autre en série.
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11. Arme hybride selon la revendication 5, comprenant,
en outre, un élément cliquet (16) dans ledit alésage
(11) de ladite partie arme auxiliaire (10) qui maintient
provisoirement ledit corps entraîneur (15) à ladite
extrémité proximale de ladite partie arme auxiliaire.
12. Arme hybride selon la revendication 1, comprenant,
en outre, un élément cliquet (16) dans ledit alésage
de ladite partie arme auxiliaire (10) qui maintient provisoirement ledit corps entraîneur (15) à ladite extrémité proximale de ladite partie arme auxiliaire.
13. Arme hybride selon la revendication 1, dans laquelle

Arme hybride selon la revendication 3, dans laquelle
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partie arme principale (1) comporte un évent (50)
communiquant avec ledit alésage pour permettre la
fuite de gaz propulseur depuis ledit alésage.
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