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5 (57) Abstract: Methods and apparatus for a fas.t action
216 impulse thruster according to various aspects of the
present invention may comprise a projectile (100) com-
prising an impulse thruster system (112). The impulse
thruster system may comprise a guidance system (116)
and a fast action impulse thruster system. The guidance
system (116) may control the trajectory of the projectile
(100), for example by activating the fast action impulse

. 318 thruster system to adjust the projectile's trajectory. The
319 fast action impulse thrusier system may be configured
such that it may provide an impulse force to guide the

projectile with a reaction time that is not affected by the

322 rotational velocity of the projectile. The impulse force
may be achieved by ejecting at least one mass from the
312 projectile (100) at high velocity such that a resulting mo-
mentum exchange may alter the trajectory of the projec-
3 , : tile. The fast action impulse thrusier system may also be
316 s S W configured in such a way so as to provide a significant
: L, improvement to the overall safety during the production,
324 assembly, and handling of the projectile (100).
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CROSS-REFERENCES TO RELATED APPLICATIONS
16601 Thus application clarms the benefit of ULS, Provisional Patent Application No,
617049532, filed May 1, 2008, and LS. Nonprovisional Patent Application No.
12/389,478, filed Fehruary 20, 2000 and mcorporates the disclosure in its entirety by

reference,

BACKGROUND QF INVENTION
{66021 In the realm of enemy combat, ballistics are continually developed o an attempt
to acqure a combative edge.  For example, long range projectifes, such as nussiles,
mortars, and the like were developed to more beneficially sngage the enemy at long ranges
to Hinit close range, hand o hand or close fire combat, However, the effectiveness of such
fong range projectiles may be bnmted by a variety of constraints,  Two such common
conmsiraings are hmited fivmg range andfor macourate targeling,  For instance, an artillery-
fired projectile mayv comprise 3 Hmited range dus to & maxisnen muzzle velocity for a
given combination of the projectile, a barrel to divect the launch of the projectile, and a
propeliant to “drive” the projectile. Freguently, targets bevond the limited range cannot be
effectively reached.  Additionally, the artilery-fired projectile may comprise of a fixed
trajectory upon firing. As a consegaence, if the fixed trajectory is not accurately ahigned

1o the intended target, upoyn fring the projectile, the projectile may miss #5 intended target.
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Other factors can also reduce the sccuracy of the projectile, such as, atmospheric
conditions, variations in the aerodynamic properties of a given projectile, andfor the Hike.
{6003} Linuted range and accuracy may have a number of negative effects in combat
stiuations. For example, (o compensate for fnaccurately launched projeciiles, lmmches of
mguple profectiles may be needed to wltimately striks the intended target. Thus, the time
to launch mokhiple projectiles may extend the engagement of the enemy, which in tum
mcreases the cost of enery engagement operations and jeopardize the lives of corsbatants
who must experience such extended engagement times 10 service the epemy targets.
08041 A number of systems bave been developed to overcome these constraints. For
mstance, to overcome himited range, integrated rocket systoms such as an M349AT rocket
assisted prajectile have been developed with additional propulsion. While integrated
rockets comprising additional propulsion may increase range, these types of rocket
systems do not pecessartly Improve aeouracy.
[BO0S}  To improve accwracy, somme projectiles may comprise guidance systems
comprising control surfaces that are configured to divect the projectle during flight. For
example, these puoidance systems may comprise deployable fins that modify the
aerndvnamic properties of the projectie to affect #ts trajectory,  While guidance systems
may serve to direct the flight of the projectile, such guidance systems may also add
substantial complexity and weight to the projectile, and the inherent drag of the
asrodynamic controls may further reduce the range of the projectile.  Morgover,
conventional flight controd surfaces may be less effective on projectiles comprismng large
rotational velocities because the control surfaces cannot react quick enough to overcome

the rotation of the projectile.
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SUMMARY OF THE INVENTION
{0006}  Methods and apparatus for a fast action impulse thruster according to various
aspects of the present invention may compnise a projectile comprising an impulse thruster
system.  The impulse thruster system may comprise a guidance svstem and a fast action
impulse thaster system. The guidance systom may control the frajectory of the projectile,
for example by activating the fast action impalse thruster system to adjust the projectile’s
trajectory.  The fast action impulse thruster system may be configured such that 1t may
provide an impulse force 1o gaide the projectile with a reaction time that is not affected by
the rotattonal velocity of the projectile. The impulse force may be achieved by efecting at
feast one mass from the projectile at high veloaity such that o resulting momentum
exchange may alter the trajectory of the projectife. The fast action tmpulse thruster system
may alse be configured in such & way so as to provide a significant improvement to the

overall safoty during the production, assembly, and handling of the projectile.

BRIEF DESCRIPTION OF THE DRAWINGS

{88077 A more complete understanding of the present invention may be derived by
referring to the detwled description and claims when considered in conpection with the
following tlustrative figures., In the following figures, like reference numbers refer 10
simnilar elements and steps throughout the figures,

{6008}  Figure | representatively dlustrates a projectile system comprising a projeciile, a
fast action impulse thruster system, and a guidance system, In accordance with an
exemplary embodiment of the present invention,

{06097 Funwe 2 representatively iflustrates the location and spacing of fast action

impalse thrusters 1 gecordance with the exemplary embodiment of the present invention,
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[6018]  Figure 3A representatively iflusirates an energetics assembly i accordance with
the exemplary embodiment of the present invention.

[0618]  Figure 3B representatively ilhustrates an electronies assembly in accordance
with the exemplary emabodiment of the present invention,

{6012}  Figure 3A representatively iustrates the fast action umpulse troster assemidy
m accordance with the exemplary embodinment of the present invention,

[6613f  Floments and steps in the figwres are iltustrated for simplicity and clarity and
have not vecessarily been rendered according to any partcular sequence. For example,
steps that may be performed concarrently or in different order are Hhustrated 10 the figures

to help to improve understanding of embodiments of the present fnvention,

DETATILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
{8814} The present invention may be descrtbed i werms of functional block
components and various processing steps.  Such functional blocks and steps may he
realized by any number of technologies, manufacturing techniques, andfor operational
sequences configured to perform the specified functions and achieve the various results,
For example, the present invention may cmploy various materials, software programs,
communications systems, and data storage systems, for example, satellite positioning
systems, mertial puidance systems, andior the hike, which may carry out a vanety of
functions.  In addition, the present invention may be practiced in conjunction with any
number of applications including guided projectile systems, guided missile systems,
ordnance transportation devices, ete., and the system deseribed i3 merely one exemplary

appiication for the invention.
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[0615]  Vasious representative implementations of the present invention may be applied
to any system for projectile propulsion, projectie navigation, projectile puidance, and the
fike, Clertain representative implementations may comprise, for example, an impulse
thraster system contigured to couple to a projectile and direet the projectile to an mtended
target accovding 1o a guidance kit Methods and apparatus for fast sction impulse thruster
may operate i conjunction with a launch system, such as an amllery barrel, andfor an
auxthary control system,

{88161  Reformng now o Figure 1, methods and apparatus for a fast action impulse
thruster may operate in conjunction with a projectie 100, The projectile 100 may
comprise any system that is configured to travel, cither with an on-board propulsion
systemn or ballistically., The projectile 100 may comprise a system to deliver a payvioad,
such as a conventional artillery-fired munition 114 coupled 1o a fuze 110 and 3 detonator
120, According to various aspects of the present mvention, the projectife 100 may turther
comprise an impulse thruster system 112 coupled to a guidance system 116, Atleast a
portion of the projectile 100 may be selected from prefabricated, preexasting, andfor oft-
the-shell parts and components, such as artillery shells, explosively formed projectiles,
naval munitions, grenades, solid fuel rockets, solid fuel thrusters, circuit cards, metal
casings, nozzles, control systems, andfor the like. The projectile 100 may comprise one or
more subsystems, and conventional components may be modified o operate in
conjunction with other systems.

{00177 In the present embodiment, the projectile 1) may comprise a spin stabilized
projectile comprising a rotational velocily of about 18,000 revolutions per minute (RPM),
but other exemplary embodiments may comprise projectiles comprising rotational

velocitios greater than or less than the RPM's given for the exemplary embodiment. For
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example, projectiles comprising various masses, lengths, architectural configurations, et
may comprise other rotational velocities commensurate with the functioning of the
projectiles.

18] In accordance with exemplary embodiments of the present invention, the
mmition 14 may comprise ordnance configured o detonate in response 10 a signal from
the fuze 110, The mumuton 14 may comprise any system for delivering an explosive,
wherein the explosive may comprise, a conventional explosive, an unconventional
explosive, such as nuclear matenal, a chemical agent, a biological agent, andfor the like.
The munition 114 may also be configured 0 provide ordnance comprising a specified
ipact characteristic, such as temperature, electromagnetic output, pattern of partculate
matter, electronic interference patters, pressure, andior the like. The muonition 114 may
further be configured for insensitive muonition features, such as to accommeodate handling
during delivery fo a nmeh vehicle,

{8019} The nmumition 114 may comprise various materials, dimensions, andfor
geometries.  In one example, the mumtion 114 may comprise a maximum allowable
circumierence for a given artitlery barrel and a specified detonation charactenstic. Ameong
other examples, the munition 114 may comprise a specified mass of high explosive
material.  In stilf other examples, the mention 114 may comprise an explosively formed
projectile configured to operate within a specified geometry, such as a 105 mun artillery
projectile, a mortar barrel, andfor the like.

{0020  In accordance with exemplary embodiment of the present invention, the fuze
F16 may be configwred to selectively actuate the munition 114, The faze 110 may
compnise any system for triggering 3 mumttion {14, such as the detonator 120, a switch, a

prefiminary explosive, a squub, andfor the ke, The fuze 110 may wigger the manition 114
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11 response 1o g specified condition, such as, after a specified passage of tme from launch,

upon achieving a specific altitude, after reaching a specific position along a trajectory,
upon experiencing a specifie pressure, anddor the ke, In the present embodiment, the
fuze TH) may comprise a standard 103mm artillery fuze disposed in a fuze well of the
projectile 1L As another example, the fare T may be a naval fuze disposed toward the
fore portion of the projectile 100, such as within a nosecone.  Furthermove, depending on
the manition 114 or other appropriate criterta, the fure 110 may be coofigwred to

chemically, mechanically, andior electrically actuate the pwnition 114,

{8021 In accordance with an exempluy embodiment of the present mvention, the
projectle 100 may comprise a casing 18 to at least partially contain the munition 114, the
fuze 110, andior other projectile components,  The casing 118 may comprise any
appropriate casing, such as a conventional shell comprising an mterior cavity 0 contain
the munition 114, In the present exemplary embodinent, a steel casing 118 may: contain
a lugh explosive nnition 114, receive a standard artillery fuze 110, and provide the high
explosive munition 114 with fnsensitive munition chargcteristics.  An exenplary casing
FE8 may also be configured to fragment andfor shatter m response to detonation of the
munition 114, Referring to Figure 1 of the present embodiment, the casing 18 may be
configured to contan the impulse thruster system at g position that, in one example, 18 at
or near the center of mass of the projectile 100,

{60221  In asccordance with oxemplary embodiments of the present invention, the
projectite 100 may comprise the impulse thruster system 112, wherein the impulse thruster
system 112 may be configured to impart a force off the longitudinal axis of the projectile
Hih, such as a force that may be substantially transverse to the longitudinal axis of the

projectile 100, The force provided by the impulse thruster system 112 may be
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supplemental to any fovee 1mparted by a launch system, such as an artillery barrel faunch
system. The impulse thruster svstem 112 may comprise any system for generating force,
meluding a mass gjection drive systern, a solid fuel rocket engine, a jet engine, a controd
surface, andior the hke. Reforring to Figure 2 of the present embodiment, the impulse
thruster system 112 may comprise at least one or more fast action impudse thausters 210
arranged, for example, radially, around the longitadinal axis of the projectle 1, at or
near the center of mass of the projectite 100, andior any other positional conhiguration to
umpart the force as discussed.  The impulse thrusters 210 may be configured to react
within an impuise period that is faster than the rotational veloeity of the projectile 1O,
{66231 The fast action impulse thrusters 210 may be arranged such that the force
generated by thelr activation acts substantially transverse to the longitudinal axis of the
projectile 11 andéor through the center of mass of the projectile 100, In such an
arrangement, actuation of the impulse thruster system 112 may be configured to produce a
substantial force o alter the course of the projectile during fhight, yet prevent producing a
stemficant torgue on the projectile 100,

{8024}  The nomber, properties, and arrangement of the fast action impulse thrusters
210 may be configured in any suitable form, In some projectiles 100, multiple rows of
fast action impulse thrusters 210 may be arranged along the surface of the projectile 100,
but in other exemplary embodiments a single row of fast action imipulse throsters 210 may
be implemented. In addition {o single or multiple rows, the number of fast action smpulse
thrusters 210 in a row may also be varied. Further, the impulse thruster system 112 may
comprise various types of fast action impulse throsters 210 to provide impulses of vartous

magnitudes, durations, directions andfor the like,
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{60251 In acvordance with exemplary embodiments of the present invention and with
reference now to Figures 3A, 3B, and 3C of the present embodiment, the fast action
anpulse throsters 210 may mdividoally comprise an energetics assembly 301 and an
lectronics assembiv 302, The encegetics assembiv 301 and the electronics assembly 302
nray be partitioned to increase systery safely.  Among various exemplary embodiments,
the electronics asserably 302 may not contain any energetic material, thereby allowing #t
to be tested duning assembly and prior to mstallation of the energetics assembly 301, Ina
complete fast action impolse throster 210 assembly, the energetic material located in the
enorgetics assembly 301 may line up with and complete the train m the electromics
assembly 302,

160261  In accordance with exemplary embodiments of the present mvention, the
energetics assembly 301 may be configured to eject at least one mass from the projectle
HOO at high velocity. The energetics assembly 301 may comprise any system for gjecting
the at least one mass such as, an explosive ordnance or exhaust gases from the projectile’s
propeliant. In the present embeodiment, the energetics assembly 301 may develop thrust by
primarily cjecting the at least one mass through the explosion of insensitive munitions.
The resulting force is several times larger than methods which rely on exhaust gases alone.
Refersing to Figure 34, the cnerpetics assembly 301 may comprise an energetic 312, a
fiver plate 310, and a seal 320, The fyer plate 310 substantially covers the energetic 312
on one end and the seal 320 substantially covers the energetic 312 on the other end.

{00271 In accordance with exemplary embodiments of the present invention, the flver
plate 310 may comprise a mass that may be gjected from the body of the projectile 100
such that the resulting force of the gjection may be used to alter the trajectory of the

projectile 100, The flyver plate 310 may comprise of any saitable natural or synthetic
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materials, such as metals, alloys, ceramics, hgh density polymers, composites, and the
fike. In one embodiment, the mass may comprise a metallic material ranging from abost
(.06 ounces to about & ounces.

{06281 For example, in an exemplary configuration, sach of the plurality of fast action
impalse thrusters 210 may comprise a metallic flyer plate 310 comprising & mass of abmug
0.4 ounces that 1s configured to be gjected from the projectile 100 at a high velocity when
the fast action tmpulse thruster 210 s activated. The fast action impulse thruster 210 may
provide an impulse from about 10 to about 20 mycroseconds in duration, The combination
of the low mass of the flyer plate 310 and the hugh velocity with which it is ejected, may
create @ momentunt exchange to alter the wrajectory of the projectile 100 as deseribed,
{6629}  Referring to Figure 3A, in the present embodiment, the fiyer plate 310 may
further be configured to secure to the impulse throster system 112 via engagement threads
322, wherein the engagement threads 322 may shear off when the fast action impulse
thruster 210 is activated.  The flyer plate 31 may, however, be configured to secure to the
impulse thruster system 112 w the projectile 100 10 any suitable manner to allow the fyer
plate 310 to he giected from the projectife 100, such as with a pin, a2 hook, a spring, a
compression fitting, andfor the like,

{6030}  In accordance with excriplary embodiments of the present invention, the
energetic 312 may comprise an explostve charge to cause the ejection of the flyer plate
310 from the projectile 100, The epergetic 312 may comprise any system of component
necessary to provide the necessary impuise force to eject the flyer plate 310 from the
projectile 100, Among various embodiments, a typical barrel launched projectile 100 may
be mmparted with a rotational velocity that is used to help stabilize the projectile 100

doring flight, and the impalse reaction time of the energetic 312 may comprise an

10
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wnportant factor as the rotational velocity of the prajectile 10 increases, For example, in
the present spin stabilized projectile 100 embodiment, the encrgetic 312 may comprnise an
msensitive explosive comprising an mmpulse reaction tiroe of about 100 microseconds or
fess. The impulse reaction Hme may provide for actuation of the energetic 312 within plus
or minus fifteen degrees of the desired position on projectiles comprising a votationad
velocity up to about 18,000 revohstions per punute.

{6631}  Among various exemplary embodiments, the amount of the energetic 312 i3 a
fast action impulse thruster 210 may vary depending on the mass of the fiyer plate 310 or
on the desired impulse force. The impulse thruster systern 112 may comprise fast action
inpudse thrusters 210 with a single energetic 312 charge or compnse energetics 312 that
may comprise several different lovels of charge. Alternative embodiments may comprise
an energetic 312 comprising a slower reaction time that corresponds to specific rotational
chargcteristics of g given projectile 100

{8032} In accordance with exenplary embodiments of the present invention, the
electronics assembly 302 may activate the energetic 312 thereby cansing the flyer plate
316 to gject from the projectile 100, The clectronies assembly 302 may comprise any
system that can receive an activation signal from the guidance system 116 and then
activate the energetic 312, Refoming to Figure 3B in the present embodiment, glectronics
assembly 302 may comprise an initiator 316 and a control eircuit 314,

{60331 In accordance with exemplary embodiments, the indtiater 316 may irigger the
energetic 312, The mittator 310 may comprise any system or component to activate the

312 such as a wmechanical or electromechanical detonator, an exploding

&

efterget

T}’O
%

bridgewire detonator, a slapper detonator, andfor the like. In the present embodiment, the

mitator 316 may comprise # low energy exploding foil inttiator that s coupled to the

11
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engrgetic 312 and may be configured to activate the energetic 312 afler receiving a signal
from the circult card assembly 314, Alternative embodiments for the initiator 316 may
comprise using a detonator or microelectromechanical system coupled to a safe and wm
device for each energetic 312,

{6034}  In accordance with exemplary embodiments, the control cuawt 314 may
transnit a signal to the inittator 316 in response to a mgger or event from the guidance
systern 116, The control circuit 314 may be configured in any manner to provide the
necessary mpat 1o the initator 316, such as by a full integrated circuit assernbly or the
and/or the like. Relerning to Figure 3 of the presemt embodiment, the control cirowt 314
may be coupled to the initiator 316, but alternative embodiments may comprise the control
cireuit 314 positioned separate from the impulse thruster system 112, Among various
embodiments, the control circutt 314, the mtiator 316, the impulse thruster systom 112, as
well as any other components described may comnumicate among each other by either
wired or wireless signals to activate the initiator 316,

{8038} In gccordance with exemplary embodiments of the present invention, the
guidance system 116 may control the aperation of the impulse thraster system 112, The
guidance svstem 116 may also control the operation of the projectile 100 according to any
appropriate mechanisms andior criteria.  For example, the gumdance system 116 may
determiine the position of the projectile 110 andfor 8 time of flight of the prajectile 100,
and selectively actuate the mmpulse thruster system 112 to achieve a desired position
ancd/or trajectory. The guidance system 110 may also control the arming of the fuze 110

by providing position data.

12
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{8636}  In the present embodiment, the guidance systenmt 116 may comprise a position
sensor and a rotation sensor, such as ap accelerometer, a velocimeter, 3 magnetometer, a
satellite positioning system, an optical sensor, andfor the hke. The two sensors may be
used to identity the position of the projectile 100 n space andfor the rotational velocity of
the projectile 100, This information may then be used to determine if the impulse thruster
system 112 18 should be sctivated to alter the trajectory of the projectile 100, When
actuation of the impulse thruster systemn 112 is deemed appropriate, the guidance system
FL6 calculates the amount of force required to alter the trajectory, which energetic 312 will
be fired, as well as the tming of the firing,

{66371 In an exemplary embodiment, it the guidance system 116 determines an fmtial
trajectory of the projectile 100 will result in the projectile 100 handing ten meters to the
teft of an mtended target, the guidance systern 116 will caleulate the rotational velocity of
the projectile 100, the necessary force required to correctly alter the trajectory of the
projectile 100, and then actuate the mmpulse thruster system 112 to fire off the appropriate
energetics 312, The fired energetic 312 will then gject the flver plates 310 when they
rotate to a position such that the resulting incremental forces will redirect the projectile
FOO to an amival point ten meters o the right

[6038]  Among various exerplary embodiments, the guidance system 116 may also
communicate with other systemis.  For example, the guidance system 116 may be
configured to selectively actuate other systems on the projectile 100 such as control
surfaces.  As another example, the mundance system 116 may be configured to receive
andfor transmut information tracking syvstems, sateltite positioning systems, and/or the like,
{397 In accordance with exemplary embodiments of the present invention, in

operation, the projectile 1) may be mtally positioned, packaged, transported, andfor

13
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mstalled v a faunch vehicle such as an artilery barrel, warship, andfor the hike, A target
may then be selected, such as by receiving posttion mformation via real-time intelligence
andfor surveillance operations, approximating tasget position information based on dated
intelligence andfor surveillance operations, and/or via sensory squipment.

{6048  Among varioas exemplary embodiments, providing the intendad target’s
postiion information o the guidance system 116 may be accomplished i various manners,
For example, providing the gudance system H6 of the projectile 100 with the target’s
position information may comprise, divectly ransterring the targets position mformation
to the projectite 100 prior to launch, transmitting the target’s position information dunng
flight of the projectile 100, andvor caleulating the target’s position information via onboard
systems after initiation of the projectile 100, The specific manner to provide the guidance
system 116 with the target’s position information may depend upon the type of target to be
destroyed.  For oxample, while a fixed target comprising a known position may be
appropriate for pre-inttiation {(pre-launch) input into the guidance system 116, a moving
target may comprise a variable position, thus  an on-board tracking device such as an
optical tracking systern (not shown} may be used to provide the guidance system 116 with
the target’s position information. .

{6041}  In accordance with excriplary embodiments of the presenmt invention, the
projectile 100 may be prepaved for launch, for example by aligning a launch vehicle to aim
the projectile ¥} at a specified (intended} target, triggering the launch vehicle, andfor the
fike. For example, the projectile 100 may be loaded and triggered via an artillery piece, a
shoulder-fired rocket, or any other appropriate launch system. The projectile 100 may
further be configured such that the projectile 1M} translates andfor rotates toward the

mtended target,

14
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{60421  Among exemplary embodiments, the projectile 100 may be self-guided or
remotely minded towards the intended target. For example, a projectile 100 that is self-
guided may compare s position and/or orfentation relative to an intended target’s posttion
and adjust the projectile’s posttion andior onentation sccordinglv.  In the prosent
embodiment, the guidance svsterr 116 may caleulate the guidance parameters of the
projectile 1060 by receiving guidance signals, such as global posttioning system signals,
Alternatively, the gwdance systemr 116 may receive gidance informaton from an
onboard juerhinl guidance systeny, an onboard sensory device, such as an opnical sensor,
and the hke. Guidance information may comprise hoear andfor angular acceleration,
linesr andior angular velocity, rate of hnear andior angular acceleration, rotational
velocity, and/or the hke.  Such guidance information may pertain to the position,
acceleration, velotity, rotation rate of the projectile, andior the hike, for the projectile 100
at g a particular time, and in some embodiments the guidance information may be
caleulated for a futore tme. 1o addition, such guidance mformation may he gathered over
mudtiple time intervals to determine the actoal position, acceleration, velocity, andfor the
like, for the projectile 10,

{06431  In accordance with exemplary embodiments, the guidance system 116 may
evaluate position information.  For example, if the wajectory of the projectile {00 s such
that hoth range and acvuracy are adequate fo wmpact the target, ho action may be
necessary. However, i the tryjectory of the projectite 100 is such that at least one of the
range amd accuracy 18 inadeguate to impact the target, the impalse thruster system 112 may
be actuated.

{0044 In accordance with exemplary embodiments, the guidance system 116 may

selectively actuate the impulse thruster system 112 to alter the flight of the projectile 100
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to increase the likelihood of striking the target. For sxample, the impulse thnuster system
P12 may be actuated in short bursts when specific fast action impulse thrasters 210 are in
the appropriate position. The guidance system 116 may use the rotational veloctty of the
projectile 100 and accursey data to determine how wuch force is required to alter the
trajectory and at what directon on the projectile 100 that force should be 1mparted. The
guidance system may then signal the impulse throaster system 112 to butiate the
appropriate energetic 312 when the energetic 312 has rotated into the desived position.
When the energetic 312 s actuated it ojects the flver plate 310 and the resulting
momentam exchange imparts a force to the projectile 100 resulting 1 an alteration to the
trajectory of the projectile 100, This process is then repeated unti] enough Byer plates 310
have been gjected from the projectile 100 to result in a complete course correction to the
projectile 160,

{00451 In accordance with exemplary embodiments, the process of determimng the
position of the projecule 10, comparing the position of the projectile 100 to a desired
position, for example, an intended target, and adjusting the position of the projectile 100
may be repeated while the projectife 100 1s in flight. Upon arriving at the intended target,
the munition 114 may be getivated, for example by programming the fuze 110, detonating
the munition 114, andfor the hike. Actuation of a munition 114 may be an automatic
response to the position of the projectie 100, such as in response pact of the projectife
100 with the intended target, proximity of the projectile 1} o the intended target, a
specified time interval from initiation of the projectile 100, a specified elevation of the
projectile 10, andior the ke, Alternatively, the fuze 110 may be in communication with
the guidance system 116 such that position information as determined by the guidance

system 116 may selectively trigger the munttion 114 via the fuze 110,
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[6046]  In the foregoing specification, the mveation has bean described with reference
to specific exemplary embodiments.  Various modifications and changes may be made,
however, without departing from the scope of the present mvention as set forth m the
clatmis.  The specification and flgures are fustrative, vather than restrictive, and
modifications are tended to be inchided within the scope of the present nvention.
Accordingly, the scope of the invention should be determined by the claims and their legal
equivatents rather than by merely the examples deseribed.

{6047} For example, the steps recited in any method or process claims may be executed
i any order and are not Hmited to the specific order presented in the claims. Additionally,
the components andior elements recited In any apparatus claims may be assembled or
otherwise operationally configured in a variety of permutations and are accordingly not
Himited to the spectfic configuration recited 1o the clatms.

[0048]  Benetits, other advantages and solutions to probloms have been described above
with regard o particular embodiments; however, any benefit, advantage, solution to
problem or any element that may cause any particular benefit, advantage or solution
occur or 1o beeome more pronounced are not to be construed as eritical, required or
essential features or components of any or all the claims.

[0049]  As used hervin, the terms “comprise”™, “comprises”, “comprising”, “having™,
“including”, “includes” or any variation thereof, are intended to reference a non-exclusive
inclusion, such that a process, method, article, composition or apparatus that comprises a
iist of clements does not include only those slements recited, but may also include other
elements not exprasaly listed or inherent o such process, method, article, composition or
apparatus,  Other combinations and/or modifications of the above-described structures,

arrangements, applications, proportions, elements, materials or components used 1o the

17
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practice of the present invention, in addition to those not specifically reecited, may he
varied or otherwise particularly  adapted to specific environments, manufacturing
specifications, design parameters or other operating requirements without departing from

the general principles of the same.
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CLAIMS

1. An impuise thruster system for guiding a projectile, comprising:
a mass devics removably connected to the projectile, wheresn the mass
device is configured to be giected from the projectile and impart a force
o alter a trajectory of the projectile;
an energetics assembly coupled fo the mass device, wheretn the energetics
asserubly is contigured to explosively gject the mass device away from
the projectile;
an glectronics assembly configered to activate the energetics assembly,
wherein the electronics assembly is sufficiently spaced apart from the
energetics assembly to prevent unintentional activation of the energetics
assembly; and
a guidance system linked to the clectromics assembly, wherein the
guidance system is configured to provide an activation signal to the
slectromics assembly.
2. The tmpuise thraster guidance system of claim 1, wherein the mass device
is connected to the projectile with engagement threads that are configared to

shear off when the mass deviee is ¢jected from the projectile,

3, The impulse thruster goidance systern of claim 1, wherem the mass device

comprises a mass of less than one ounce,

4. The umpulse thraster guidance system of claim 1, wherein the energetics
assernbly is configurad to explosively gject the mass device from the projectile

body comprising an impulse time fess than or equal (o about 1 microseconds

5. The impulse thruster guidance systermn of claim 1, wherein the electronies
assembly further comprises:

an inttiator configured to activate the engrgetics assambly; and

a control cirant connected to the indtiator, wherein the control cirenit s

configured o activate the iminator,

19



WO 2009/134553 PCT/US2009/038040

6. The impulse thruster guidance system of claim S, whevein the initiator

comprises an exploding foil adapter.

7. The pdse thruster pudance system of claam 1, wherain the impulse
thruster system is configured to apply a force to a conter of mass ol the

projectile.

8. The impulse thruster guidance system of claim 1, further comprising a
rotation sensor system connecied to the guidance system, wheremn the rotation
sensor system is configured to provide a rotational veloeity of the projectiie to

the wuidance svstem

& -
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9. An impulse thruster systom for altering a trajectory of a projeciide,
COMpPrising;
at feast one flyer plate connected to the projectile, wherein:
the at least one Hyer plate is disposed along an outer radial surface of
the projectile that is substantially aligned with a center of mass of
the projectile: and
the at loast one Hyver plate is configured to be gjected from the
projectile and impart a force substantially transverse to a
longidinal axis of the projectile
an energetics assembly coupled to the at least one flyer plate, wherein the
cnerpotics assembly is configured to explosively gject the at least one
flver plate away from the projectite;
an electromics assembly configured to actvate the energetics assembly,
wherein the clectronics assembly is spaced apart from the energetics
assemibly to prevent umintentional activation of the energetics assembly;
and
a guidance system linked to the electromics assembly, wherem the

zutdance system s configured o provide an activation signal fo the

clecironics assembly

10, The impulse thruster giudance system of claim 9, wherein the at least one
flyer plate 1s connected to the projectile with engagement threads that are

configured to shear off when the at least one flyer plate is ejected from the

projectile,

T1. The impulse thruster guidance system of claam 9, wherein the flver plate

comprises & mass of Jess than one ounce.

12. The impulse thruster guidance system of claim 9, wherein in the snergetics
assembly 1s configured 1o explosively gject the at least one flver plate from the
projectile body comprising an impulse time less than or equal to about 100

mcroseconds.
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13, The impulse thruster guidance systern of claim 8, further comprising a
seplant configured to maimain a separation of the energetics assembly and the

electronics assembly.

14, The mapudse truster guidance system of claim 9, wherein the electronics
assembly further comprises:

an initiator configured to activate the eonergetics assembly; and

a control circuit connected to the inthigtor, wherein the control circutt is

configured to activate the initiator,

15, The mpulse throsier guidance system of claim 14, whergin the inftiator

comprises an exploding foil adapter.

16, The impulse thruster guidance system of claim 9, further comprising a
rotation sensor system connected to the puidance system, wherein the rotation
sensor system is configured 1o provide the rotational velocity of the projectile

tor the guidance system,
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17. A method to guide a projectile towards a target location comprising:

comparing a first trajectory with an estimated impact point of the
projectife to the target location:

determining a force to adjust the najectory of the projectile towards the
target location;

calculating the optimum radial position to apply the force based on the
rotational velocity of the projectile; and

imparting the force on the projectile by ejecting at least one mass device
from the projectite at high velocity with an impuldse thruster conpected

1o an outer surface of the projectile,

18, A method to mstde a projectile according to claim 17, whergin the imparted

force is 1 sabstantial alignment with a center of mass of the projectile.

19, A method to gaide a projectile according to claim 17, gjecting the at least
one mass device comprises activating an energetics assembly to explosively
gject the at least one mass device from the projoctile body with an impulse tme

less than or equal to about 100 microseconds.

20, A method to gudde a projectile sccording to claim 17, wherein the rotational

velocity of the projectile is deternuned by a rotation sensor.
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AMENDED CLAIMS
received by the International Bureau on 17 September 2009 (17.09.2009)

1. - An impulse thruster systcm for guiding a projectile, comprising:

a mass device removably connected to the projectile and configured
to be ejected from the projcctile and impart a force to alter a
trajectory of the projectile;

an cnergetics asscmbly coupled to the mass device, wherein the
energetics assembly is configured to explosively eject the mass
device away from the projectilc;

an ¢lectronics assembly secured to the energetics assembly and
configured to activate the energetics agscmbly;

a safe and arm device coupled to the electronics assembly, wherein
the safe and arm device prevents unintentional activation of the
coergetics asscmbly; and

a guidance system linked to the electronics assembly, wherein the
guidance system is configured to provide un activation signal to the

clectronics asscmbly.

2. The impulse thruster guidance system of claim 1, wherein the mass
devicc is connected to the projectile with engagement threads that are

configured (o shear off when the mass device is ejected from the projeciile.

3. The impulse thruster guidance system of claim 1, wherein the mass

device comprises a mass of less than one ounce.

4. The impulse thruster guidance system of claim 1, wherein the
energetics assembly is configured to cxplosively ejcct the mass device
from the projectile body cuomprising an impulsc time less than or equal to
about 100 microscconds

AMENDED SHEET (ARTICLE 19)
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5. The impulsc thruster guidance system of claim 1, wherein the
electronics assembly further comprises:
an initiator coupled to the safe and am device and engaging the
energetics assembly, whercin the initiator is configured to activate
the cnergetics assembly; and
a control circuit connected to the initiator, wherein the control circuit

is configurced (o activate the initiator.

6. The impulse thruster guidancc system of claim 5, whercin the initiator

compriscs an explading foil adapter.

7. The impulse thruster guidance syslem of claim 1, wherein thc impulse
thruster system is configured to apply a forec Lo a center of mass of the

projectile.

8, The impulse thruster guidance system of claim 1, further comprising a
rotation scnsur system connected to the guidance system, wherein the
rotation sensor systcm is configured to provide a rotational velocity of the

“projectile to the guidance system

AMENDED SHEET (ARTICLE 19)
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9. An impulse thruster system for altcring a trajectory of a projectile,
comprising: '

a plurality of flyer platcs connected to the projectile, wherein:

each flycr plate compriscs:
a first surface;
and a second surface substantially oppositc the first surface;
the plurality of flyer plates are disposed along an outer radial
surface of the projectile that ig substantially aligned with a
center of mass of the projectile such that the first surface is
substantially flush with an exterior surface of the projectile; and
the plurality of flycr plates are configured to be ejccted from the
projcctile and impart a force substantially transverse o a
longitudinal axis of the projectile ;

a plurality of encrgctic assemblies, wherein:

cach energetic agscmbly is held in contact against the second
surface of one of the plurality of flycr plates; and

each encrgetic assembly cxplosively ejects the flyer plate away it
is held against from the projcctile;

a plurality of electronics assemblies, wherein each electronic
assembly is secured to vne of the plurality of energetics asscmblies
and configured to activate the cnergetics assembly it is secured Lo;

a plurality of safe and arm devices, whercin each safe and arm device
is integrated with one of the plurality the clectronics assemblies,
whercin each safe and arm device prevents unintentional activation
of the energetics assembly; and

a guidance system linkcd 1o each electronics assembly, wherein the
guidance system is configured to provide an activation signal to

each electronics assembly.

10, The impulse thruster guidance system of claim 9, wherein the at least
one flyer plate is connected to the projectile with engagement threads that
arc configured to shear off when the at least one flyer platc is ejected from

the projectile,

AMENDED SHEET (ARTICLE 19)
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11. The impulse thrusler guidance system of claim 9, wherein the flyer

plate comprises a mass of less than one ounce.

12, The impulse thruster guidance systcm of claim 9, wherein in the
energetics asscmbly is configured to explosively cject the at least one flyer
plate from the projectilc body comprising an impulse time less then or

equal to about 100 microseconds.

13. The impulse thruster guidance system of claim 8, further comprising a
sealant configured to maintain a separation of the cncrgetics assembly and

the electronics assembly.

14. The impulsc thruster guidance system of claim 9, wherein each
electronics assembly further comprises:
an ihitiator coupled to the safe and arm device integraicd with the
electronics assembly and engaging the energetics assembly secured
with the electronics assembly, whercin the initiator is configured to
activate the energetics assembly; and
a control circuit connccted to the initiator, wherein the control circuit

iy configurcd to activate the initiator.

15. The impulse thruster guidance system of claim 14, whercin the initiator

compriscs an exploding foil adapter.

16. The impulse thruster guidance system of claim 9, further comprising a
rotation sensor system connected to the guidance system, wherein the
rotation scnsor system is configured to provide the rotational velocity of

the projectile to the guidance system.

AMENDED SHEET (ARTICLE 19)
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17. A method to guide a projectile towards a target location comprising:

disposing at least onc mass device along an outer radial surface of the
projectile;

locating an ¢nergetic material against the at least one mass device;

coupling an electronic assembly to cach of the at least one energetic
material, wherein cach electronic assembly is contigured to
activate the encrgetic material; A

coupling and a safe and arm device to each electronic assembly,
wherein the safe and arm device prevents unintentional activation
of the cnergetic material; .

comparing a first trajectory with an estimalcd impact point of the
projectilc to the target location;

determining a force to adjust the trajcctory of the projectile towards
the target location;

calculating the optimum radial position to apply the forcc based on a
rotational velocity of the projectilc;v and

imparting the force on the projectile by activating the energetic
material thereby cjecting at least onc mass device from fhe

projectile at high velocity.

18. A method to guide a projectile according to claim 17, wherein the
imparted force is in substuntial alignment with a center of mass of the

projectile.

19. A methad to guide a projectile according to claim 17, wherein the at
Jeast onc mass device is ejected from the projectile body with an impulse

time less than or equal to about 100 microseconds.

20. A method to guide a projcclile according to claim 17, whercin the
rotational velocity of the projectile is determined by a rotation sensor.

AMENDED SHEET (ARTICLE 19)
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