1 ROLLI NG PRQIECTI LE W TH EXTENDI NG AND RETRACTI NG CANARDS

CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This application
I s based upon and clains the priority of co-pending and commonly
assigned U.S. Provisional Patent Appligation Serial No. 61/ 254, 840,
filed Cctober 26, 2009, incorporated herein in its entirety by
reference. FIELD OF THE | NVENTI ON [0002] This invention is
directed to a systemROLIINGPROJEC TS WEFHEXPENBING! es, where

canards extend and retract gDRETRACTINGICANARDR I es. BACKGROUND
OF THE | NVENTI ON [0003] In the field of guided weapons there
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m ssile, which uses four steering canard

[0002] This invention is directed to a system for controlling missiles or

projectiles, where canards extend and retract at predetermined frequencies.
BACKGROUND OF THE INVENTION

[0003] 1In the field of guided weapons there are primarily two possible
aerodynamically controlled airframes, namely, a rolling airframe and a roll
stabilized airframe. These two schemes cover most of the missiles and projectiles

with aerodynamic controls.

[0004] A missile or projectile with a rolling airframe has an airframe that is
free to roll or its rolling motion is controlled by a device (such as a rolleron) to keep
the roll rate at a certain value. Aerodynamic controlled deflections can then be
coordinated with the roll position, which is calculated by roll-resolvers using roll
gyros. A typical example is the Sidewinder missile, which uses four steering

canards.

[0005] Another embodiment of the rolling airframe uses only one pair of
aerodynamic control surfaces and deflects them in a proper position to satisfy the

guidance and control vector demand.

[0006] General Dynamics pioneered several new design features to create
the Redeye missile, which was the first rolling airframe missile (RAM). Unlike
conventional roll stabilized missiles which are steered in two axes, pitch and yaw, by

two (pitch, yaw) control channels, a RAM uses a single control channel which is



[ 0005] Anot her enbodi nent of the rolling airframe uses only one pair
of aerodynam c control surfaces and deflects themin a proper
position to satisfy the guidance and control vector demand.

[ 0006] General Dynam cs pioneered sevegal new design features to
create the Redeye missile, which was the first rolling airfrane
mssile (RAM. Unlike conventional roll stabilized mssiles which are
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[0009] Seeking simplicity and Iow cost solutions to be used in the control of
guided mortar projectiles, General Dynamics found a solution with the so-called roll
controlled fixed canard (RCFC) system, as set forth in U.S. Patent No. 7,354,017 to
Morris et al. The RCFC system is an integrated fuze and guidance- and flight-
control system that uses global positioning system (GPS) and/or inertial

navigational system (INS) navigation and that is installed by replacing current fuze



hardware in existing nortars or other projectiles. A typical

projectile having the RCFC system conpri ses: (a) a nose
section with a gui dance package, a set of spinning strakes, and a set
of two rued defl ected canards; (@) a brake unit section, with

a brake system (friction or magneto rheol ogical fluid), to nodul ate
the spin of the guidance section with the projectile body and
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requested by the guidance system (for example, GPS or INS). However, this system

is quite complex and not practical for many projectiles.

[00010] Another concept to create trajectory correction to artillery
projectiles is disclosed in PCT Published Application No. WO 2008/143707 to
Pritash. Trajectory errors can be corrected in two ways: Assuming an overshoot, a
deployable set of brake fins or disks is used to correct the range errors. This
assumes that the target is at a range shorter than at which the weapon is aimed,
because it only can waste kinetic energy by braking the projectile by the use of

aerodynamic brakes.

[00011] A deflection correction is based on the fact that a very fast spinning
projectile will divert (drift) to one side depending of the roll motion direction, and
therefore changing the roll rate changes the amount of the lateral drift. The spin
correction fins of Pristash do exactly this by extending or retracting spin fins which

are at fixed incidence but in opposite directions. The spin rate, and hence the



defl ection, is controlled. However, the gun or weapon nust be ai ned
in a specific direction prior to shooting so that by changing the
spin rate and braking the velocity over the trajectory, the desired

target can be hit. [00012] Simlar to the control system
di scussed above, this systemis nuch nore conplex than is needed for
slowrolling projectiles. SUWARY OF THE | NVENTI ON [00013] It

i s an alfleetionfistcbharollede Hovweverptherau cdewaapon @hust betamelddn a specific
controlling mssiles or projectiles, which is sinpler and |ess
expensidiseatipapripe tashaoting soddiaf by chapgmgethe spin rafegoghlagaking the ) so
an object of this,invention to provikde a rolhi projectile with
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It is a yet r obj ec nveft to provide a projectile

conpri si ng: a projegid V. ' section and a
rear section and having agt’m‘}b]g&qgﬁi(g%@i‘ﬁwwﬁm or nore
canards in the forward section on opposite sides of the projectile
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[00014] It is also an object of this invention to provide a rolling projectile

with extending and retracting canards.

[00015] Itis a further object of this invention to provide missiles or
projectiles where canards extend and retract for times and at predetermined

frequencies corresponding to the rate of rotation of the projectile.

[00016] Itis a yet further object of this invention to provide a projectile
comprising:
a projectile body having a forward section and a rear section and

having a longitudinal axis;

two or more canards in the forward section on opposite sides of the
projectile that are capable of being extended and retracted for times and at

frequencies corresponding to the rate of rotation of the projectile;

two or more tail fins in the rear section that are fixed coextensive to or

at an angle to the longitudinal axis; and
an actuator capable of extending and retracting the canards,

wherein after the projectile is fired along a path, the canards are

extended from and retracted into the projectile body for times and at



an actuator capable of extending and retracting the canards,

wherein after the projectile is fired along a path, the canards are
extended fromand retracted into the projectile body for tines and at
5 frequencies related to rotation of thge projectile to correct the
path of the projectile. [00017] It is a yet further object of
the invention that the projectile or mssile will have a GPS or INS
navi gat i onal fizgatecrs hehted dol rdtgtion obﬂmptdjuﬁi!eamwm@atﬂ@ﬁam é¢fithehe
canards in the forward section. [ 00018] These and ot her objects
of the invenPrejgciiiet | becone nore apparent fromthe disclosure
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[00020] The flight control system is attached to or incorporated within the
body of the projectile. During projectile flight, the flight control system measures
the projectile’s position (using GPS or INS technology), and then the flight control
system, which includes sensors, initiates flight control actuators that precisely

extend and retract the canards.

[00021] As the projectile rotates, the relative rotational position and canard
extension (from the projectile body) varies as an actuator controls the positional
extension of the canards. The controlled extension and retraction of the canards
varies the lift on the forward, leading edge of the projectile fuze. The resulting
variation of lift on the forward point of the fuze provides for variation of the angle
of attack on the nose and forward canards. This system provides a low g correction

of the projectile’s path.



6 [ 00022] According to the invention, the sinplicity of the
RCFC concept (only one signal to steer the projectile using the brake
systen) is maintained, but it is coupled with the fixed incidence of
extending and retracting canards usingsonly one |linear actuator while
the conplete airfrane is rolling by the use of canted tail fins. In
both concepts, the rolling notion is required to obtain the |ateral
force vect or{00022] hecetadingeth theriacéntdon,dhie sirapleiky ol REFC Oén@ph fartly
being present. Roll notion is not produced to create gyroscopic
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navi gat i onal S}I_St em neasures the projectile's position, and the
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gui ded or corrected nortar nunitions is characterized by the
f ol | onilemgitwtjnal exierrndtiteyi ave at fixed incidence.

[00025] During projectile flight the GPS and/or INS navigational system
measures the projectile’s position, and the flight control computer initiates flight
control actuators that precisely extend and retract the canards. The controlled
extension and retraction of the canards varies the lift on the nose or fuze of the
projectile. The resultant variation in lift on the nose or fuze of the projectile
provides a trim angle of attack of the entire projectile, which produces a lateral
force that steers the projectile into a desired path to correct the errors such as

variation of muzzle velocity, mortar laying errors, and meteo.



| ow cost; fire and forget; corrected trajectory to m ninm zing non na
trajectory errors; GPS/INS navigation conpatible wth desired weapon
CEP and Pk; and capability to engage targets in zone of inpact

[ 00028] Desired features of the systemycoul d be described as foll ows:
1. Increased effectiveness and efficiency of nortar weapons, where

the CEP is drastically reduced, the |l ogistics are reduced, and the
OPTEMPO i s i [if2af dthe current @quibmente foispievgsion fires apd epiabhuhecollateral
stocks/current ungui ded nortar devel opnment can be used. This includes
exi st i n§apBgeder i actuahbattiefigld requires lgw cpséselytipat fogr contxel daviigas tpbe

f . I nst al4l A d, i d h f
Firel'd naRBlied, B SARF bEaplS Mo BRI B oot B Y BB S <Y ow
di scl osegstaPSANS neet RE€HadiAémeRg. f ol | owi ng advant ages: 1.
Fl i p-out fixed incidence planar canards (two canards).

[00027] The current trend in the case of low cost guided or corrected mortar

munitions is characterized by the following requirement matrix:
low cost;
fire and forget;
corrected trajectory to minimizing nominal trajectory errors;
GPS/INS navigation compatible with desired weapon CEP and Pk; and
capability to engage targets in zone of impact
[00028] Desired features of the system could be described as follows:

1. Increased effectiveness and efficiency of mortar weapons, where the
CEP is drastically reduced, the logistics are reduced, and the OPTEMPO is

increased.

2. Large existing mortar projectile stocks/current unguided mortar

development can be used. This includes existing bodies/tails and fuzes.

3. The corrector must still be a fuze that is easy to install and program

and is hardy enough for field handling.

[00029] The control and guidance system disclosed and claimed herein has

the following advantages:
1. Flip-out fixed incidence planar canards (two canards).
2. One single electromechanical actuator.

3. LATAX demanded by the guidance system tuned with flip-out

frequency and/or canard aperture.



2. One single electronechani cal actuator. 3. LATAX denmanded by
t he gui dance systemtuned with flip-out frequency and/or canard
aperture. 8 4. Rolling driven nonent produced by canted
tail/nose fins. 5. Static pitchstability that is not strongly
affected by forward canards' aero-surfaces, where the static
stability is decreased with canard exposure, thus increasing the trim
angl e, to cause HatRwllhgaocbenanahiean produced hYoABRH tAilhase fias) ar | y

rel evant aspect of the invention hereinis that it is a sinple way to

generate control 5f ®tg6é pitdh ¥eiBility MaRiieAs1 1Pengly WGt BEYh G rahi ch
can be integrated with a fuze, can be arnmed in a systemat |ow cost,

and i s conpaaniids’werdsuriacenwhtee thoptatictséabilityGeSldenSisgdividin canard
packages of these types of spar prg}lecti | es. [1_0 031] Preset
aimng i s n§EPAEHEs “55‘??6%'&'6 pRgle, fr eaysedatergbactslarating ot n
cases the gun/weapon will be ained at the intended target and the

bal i stic cdfR0dtA pastigularlyoelesant aspediofshe inrvensionthereinais dhatit deia
nom nal .t raj ect or which will_ be conmpensated. by..t he gui dance and
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i nvention, reference should now be nade to the fol low ng detalle

descr i ptiktlonuoifent devgopirenteih 6PN Srgnidanet pakkagesvefithesentypes of smart

illustrated in the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAW N@Eojectiles.

[00031] Preset aiming is not necessary according to the invention, because in
both cases the gun/weapon will be aimed at the intended target and the ballistic
computations will determine the errors of the calculated nominal trajectory, which
will be compensated by the guidance and control system extending and retracting

canards in a rolling airframe.

[00032] For a full understanding of the present invention, reference should
now be made to the following detailed description of the preferred embodiments of

the invention as illustrated in the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[00033] FIG. 1 is a substantially cross-sectional view of a schematic of an

embodiment of the invention wherein canards are extended;

[00034] FIG. 2 is a substantially cross-sectional view of a schematic in FIG. 1

wherein the canards are retracted;

[00035] FIG. 3 is a block diagram representing the control system according

to the invention;

[00036] FIG. 4 is a representation of the projectile rotation according to the

invention, showing the positions at which the canards are extended and retracted;



[00033] FIG 1 is a substantially cross-sectional view of a schematic
of an enbodi nent of the invention wherein canards are extended,
[00034] FIG 2 is a substantially cross-sectional view of a schematic

in FIG 1 wherein the canards are retracted; [00035] FIG 3 is a
bl ock diagramrepresenting the control system according to the

I nventi on; [00036] FIG 4 is a representation of the projectile
rotation accm{mBﬁb RIG. tShie ai sideewiemool, thefforwapd pbetigmef 4 ipeojectile advocting
t he canar are extended and retracted; 9 [00037] FIG 5 is a
si de vi é‘\‘/\ﬁ invgRtieRy war d portion of a projectile according to the

I nventi on; 00038] FIG 6 is a graph of the path of a projectile

from | aunch W038hAdG. 6vis argraphgiftthe patlhef apadjestite froth bivschito émipact,
t he absci.gsa;. ... 00039], FI 7 is a graph of the path of the

br o aot itk Rejzl b ois apinrerand wdtaoge 3r B Bhretsat i on" 1 shown o a
function of distance; and [00040] FIG 8 is a schematic

repr esent at i B19089] FHE. dds aqanpl ofithe patoef tretpxd] entile de Fil Ge 3 pehers the

calculated correction is shown as a function of distance; and

[00040] FIG. 8 is a schematic representation of the corrected and

uncorrected projectile paths.
DETAILED DESCRIPTION OF THE INVENTION

[00041} The preferred embodiments of the present invention will now be
described with reference to FIGS. 1 to 8 of the drawings. Identical elements in the

various figures are designated with the same reference numerals.

[00042] FIGS. 1 and 2 are each a substantially cross-sectional representation
of a mortar according to the invention. A mortar 2 has a front, or fuze, section 4
and a rear section 6. Rear section 6 comprises tail fins 10, which tail fins 10 are
proportional and angled to stabilize mortar 2 in flight as well as to cause a slight

roll.

[00043] Front section 4 comprises canards 12 that extend or retract from
housing 14. Canards 12 are shown extended in FIG. 1 and retracted in FIG. 2.
Canards 12 are engaged by one or more actuators 16, which are in communication
with a flight control system 18. Flight control section 18 comprises a navigational
system such as a GPS or INS and, preferably, a CPU. Preferably there is a battery
or other power source 22 to provide power to flight control system 18 and actuator

16.

[00044] Preferably there are two canards 12. Optimally there could be from

2 to 8 canards, preferably equidistantly positioned around housing 14.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00041] The preferred
enbodi mnents of the present invention will now be described with
reference to FIGS. 1 to 8 of the drawings. ldentical elenents in the
various figures are designated with the sane reference nunerals.
[00042] FIGS. 1 and 2 are each a substantially cross-sectional
representation of a nortar according to the invention. A nortar 2 has
a front, or [00(k5] Feetizeof theacxhards edll depend apob.seRaxa faeors, dmelding

conprises tail_ fins 10, which tail_ fins 10 are proportional and
angl ed the signctfi the projsstiler For pxamplegfar 2 moxéay haging @ lengtrotirem ghaut

. d
00" b ox Osto PORERLS B R0 oRFRA 0 SO EE B STARLET f b0 BHLE"S
and r etyid¢h addiabobt €0 t3 ab6ansn din fhleAlth, HE JBEH cOXrQNEtehdiNR 1@ dially
actuators 16, which are in comunicatron with a flight control system

18. Fl ifytm tb@rwtwsm&twdrhowlng)hﬁbrl ses a navigational system such as
a GPS or INS and, preferably, a CPU. Preferably there is a battery or

ot her power [8@114!6(} ErRecortr oy sw'tedﬁ apovrling €o the @ventionty elovey ii & Hi8ck
and act uat or MOM Preferably there are two canards 12.
Opt i maldiggrame F%f @5&1 i BEG{ 3.0/ @PS@"BathﬁHJH§ 2@3 ARSI Gbeipg optional, each

equi di st ant | ed ar.oun u The

o ne Rl ieRRF ieh B FE AR G foca iR BB rmition © a CRY 80 AL

of the dBhfthBficat&- ro'ﬁQElfmx? fof @iaﬁp[@%ﬁ%nﬁ%’iﬁkﬂaﬁgﬁﬁ?%mc fcf ery
about 0.5 to alnost 1.5 m the canards coul d each be Trom abouf’ 10 to

about 30. PUBMpdickssas thalweatiod @ntda odlbafir ibtiemand themgvhen appropriate,
surface a ea. eﬁ{sendi ng ragially fromthe outer surface of housing 14.
[00046]Se S1g8 FBIaCE‘% according to the invention is shown in the
bl ock diagramset forth in FIG 3. A GPS 24 and an INS 26, INS 26

bei ng opt i of@d047¢xetuatrmimer 34 é %ﬂthBC&IWImmhmgcalM1qedhat causes

i nformati on t cat

|t or e i Dot 2agatp a0 pitnd afl g frasf e’ ARt pro el hr timesangiss,
CPU 30 JprAGRRacRs st éfﬁ‘?@stﬂo‘ﬁ'& Bfle ratd of I‘Utgﬁgﬁbf ﬂﬂa gﬂgeéﬁ'ﬁn F ow'é‘iﬁmé)le,

appropriate, sends signals to actuator Act uat or
or 34 ithe annmtdzahay entendrfrnmﬂmrhmingjmneqmndwle tthmss,somm-rrobm&n of
canards, 12 to extqu or retract as desired, preferably for timnes

and/ or the Preiegtilen forfropnane-third ¢ gaschalbthe gycle the Hmingdependentrunaie
proj eCtthJ: Fotatdh q‘fﬁafﬂ%l &orrection necessary. There may be situations where the

canards can extend and retract more than once a cycle, or less than every cycle, or
for most or all of a cycle, dependent upon the correction required. There may be
one particular frequency at which the actuator operates or, optionally, the
frequency may vary according to signals from flight control system 18. It is within
the scope of the invention that the frequency of the extension and retraction of the
canards will be from about 2 to about 20 times/sec., more preferably from about 5
to about 10 times/sec. Optionally canards 12 may be extended partially or fully and

not retracted for a set period of time.

[00048] Typically the canards will be extended once and retracted once
during one rotation of a projectile. The diagram shown in FIG. 4 represents one

360° rotation of a projectile. If the projectile is to be guided to the right, both



the canards may extend fromthe housing once per cycle, that is, once
per rotation of the projectile, for fromone-third to one-half the
cycle, the timng dependent upon the rotation and the correction
necessary. There may be situations where the canards can extend and
retract nore than once a cycle, or less than every cycle, or for nost
or all of a cycle, dependent upon the correction required. There may
be one panindsuirarextensipddincm itd smifachwhbe the prajectileapeates s a Qosition
optionally, the freguency may vary according to signals fromfl ifght
cont r ol apDEeXimately 60 framthe gop ppfitionc ohhe sanands remainmastially gr fHe

f ' [ h d ill b
about - 2okishaed 3F BEFARLAR ARbteS b bR SR oLlads Rpf BRI Hexeotdl I GF
10 ti mepisRetile@td BE BulideCR Medeft the'Ehabls B @ﬂ@ﬁdecl)ﬂﬁﬁng'th)é ]p@hod that
fully and not retracted for a set period of tine. [ 00048

Typi cal ktyrotates batweaisangles inotheaangn o 240N te36{fd at vhicicties thewandnds ng
one rotati,on of rojectile. The diagram shown in FIG _4 _represents
one 36033%?16&6?%?-0?{8?%?'8}1& complete s ?ﬁ%vbmﬁ\é@m%feﬁ g0 ?80{)e%m @ache
to the pi . . : j en the
proj ect | T Ated 3 Jhriclt RPRRH Kokl BFVEDURIcLGRTEDendi WG B

posi ti oBerrébtion aoquiiged.r enai n partially or fully extended as the
projectile rotates to an angle of 120, and are then retracted. If the
projectile i mop29pen FIGHSattorik §&ktion W@f&?iﬁ%éﬁleal{a% LEBNUCE that is
during the period that it rotates between angies in the range of 240

t o 300, radiallpieztendieddroine hanving d4addorwant sextion 4MetCanird42 isat an angle

conpl etg as.the %'rioj ecti IS rotates to.300. This ¢an be regeoat ed, or
var i ed, 48 6¢ langitidinglaxioal-o Angliedd ean bedrowm aheus e de aboun ol pmeferably
correctj | yed. 0 of orward section 40 of
a proj e%fta?ll' Eélﬁﬁg‘si ag)c%br%urtc} 0&29}%%§kr%férf§g§aa f/%e'xtended from a housing
44 of forward section 40. Canard 4%:%3?@; ﬁn angle 48 to | ongitudi nal
axis 50. Angle 48 can be from abou L¥out 20, preferably from
about 4 to about 10, nore preferably about 5. EXAMPLE In a

cal cul at ed eltbgalculited examplgiphemembodiment of thetingention o moxtanyvith a

o300, BOHPLER0 Mk} BFEY Rbadoi L hBle g RSB sy gy D E ek
| at er al THE ¢6iRioHal Hequency whiS.00 PR, B the Wakihil 1aYGal 36cAain, the
range being 5506.0 m The maxi num hei ght was 1640.30 m at which

nge be 6 fum 40 Jhich -
i soc. Thi o SRE ik 0f g TBgRL a3 A0 iheante BMINED k10 naxtpmum

was 194heightivaed 64030an, #nwhikhqioibtthedveldéiey oRHicpojeéileals at a minimum
correction was cal cul ated at 233.69 m FIG 6 1s a graph that

r epr es et K4%.2b miggcg h hig ocemered A5 byec afterdaupelet e vielanity atlimginct svas

e amolik SRt 3F n Rafd EPL IR Eh ol PR bob PR RO e

represegt g3y @nnt hat represents the uncorrected path 54 of the
projectile as conpared to a corrected path 56 with corrections

accordi ng t opf& | S fliat represents the height of the path of the projectile from
Jaunch to impact, without canards extended. FIG. 7 is a graph that represents the
amount of lateral correction necessary. FIG. 8 is a 3-dimensional representation
that represents the uncorrected path 54 of the projectile as compared to a corrected

path 56 with corrections according to the invention.



12 There has t hus been shown and described a novel rolling
projectile with extending and retracting canards, particularly one
which fulfills all the objects and advantages sought therefore. Mny
changes, nodifications, variations andzother uses and applications of
t he subject invention will, however, becone apparent to those skilled
in the art after considering this specification and the acconpanyi ng
dr awi ngs whillterdhas flosehédreshpvai end dds aibatia mentkrdllieg pobjectile wighch
changes, nodifications, variations and ot her uses and sfe:aelil i cations

whi ch ¢tensting apdretiacking capakds, partigHary aisevBich il all e ehjegtsand

the ol AdvaRfdelXBast Brdrdfe MY LAfleel IhGliR iy YarbddBs Stk O
pr oj ectisk€afh@APplicatidhs of the subjd¥t PhRGEtionSwiIh Wowe¥l, e canledpiirent to

section and a rear section and having a |ongitudinal axis; t wo
or nor éhosskibled imthdartfadtenmodsikletingahisupesifpasionsimsl desacedhmipasying

projectjle.that, are, capabl.e of _bei xtended fromand retracted into
Phe. or Irasippev B AFgpos fHrdtredaed muhients Wereds, Aol SEFPEEs: ¢ he
rate Ofm&ﬂ?ﬁ%figﬂs,%rmﬁmgraﬂ'deiﬁ]lH' fises and applications which do not depart from

the spirit and scope of the invention are deemed to be covered by the invention,

which is to be limited only by the claims which follow.



two or nore tail fins in the rear section that are fixed coextensive
to or at an angle to the longitudinal axis, and an actuator for
extending and retracting the canards, wherein, after the
projectile is fired along a path, the ganards are extended from and
retracted into the projectile body for tinmes and frequencies rel ated
to rotation of the projectile to correct the path of the projectile.
2. The projectile of claim1l1, wher€ h A Kd@Sanards are extended and
retracted at such frequency, and at such periods during rotation of
t he pronegddik@laififedds: t 0 cause | ateral novenent. 3. The
projectiTe of clarm2, wherein the canards are extended and retracted
at a frequengy oé L : every rotation of the projectile.

4. The proj eg'tﬁ mg%mlj(l:l?%?}nqp%qs\qfﬁg'ch al so conprises a control system
that activates the aciu ]t r 1o _extend, and retract the canards.

5. The projectil @ BFOkF ly hhdpgaformard sentian and arear serdiopqnd 4

GPS navi gat i NS navi gati onal system or both, for
determ ni ng ?%hlgos‘*z@%lggha{nﬁqgggée of the projectile. 14 6. The
projectile of claiml, wherein the control stem includes a,rol
gyro system for %Yoe?mﬂrﬁﬁaflﬁ’éés JE‘FEP"&E‘?%/‘?%W“O‘?“ ?P\‘éosbf?eoﬁl@%‘t?ijltg.e

projectile that are capable of being extended from and retracted into the

projectile body for times and at frequencies corresponding to the rate of

rotation of the projectile;

two or more fail fins in the rear section that are fixed coextensive to or

at an angle to the longitudinal axis, and
an actuator for extending and retracting the canards,

wherein, after the projectile is fired along a path, the canards are
extended from and retracted into the projectile body for times and
frequencies related to rotation of the projectile to correct the path of the

projectile.

2. The projectile of claim I, wherein the canards are extended and retracted
at such frequency, and at such periods during rotation of the projectile, so as to

cause lateral movement.

3. The projectile of claim 2, wherein the canards are extended and retracted

at a frequency of at least once every rotation of the projectile.

4. The projectile of claim 1 which also comprises a control system that

activates the actuator to extend and retract the canards.

5. The projectile of claim 4, wherein the control system includes a GPS
navigational system or an INS navigational system, or both, for determining the

location in space of the projectile.



7. The projectile of claim1l, where the canards are at an angl e of

from about 2 to about 20 fromthe horizontal axis. 8. The
projectile of claim7, where the canards are at an angle of from
about 4 to about 10 fromthe horizontals axis. 9. The projectile

of claim8, where the canards are at an angle of fromabout 5 from
the horizontal axis.
6. The projectile of claim 1, wherein the control system includes a roll gyro

system for determining the angular position of the projectile.

7. The projectile of claim 1, where the canards are at an angle of from about

2° to about 20° from the horizontal axis.

8. The projectile of claim 7, where the canards are at an angle of from about

4° to about 10° from the horizontal axis.

9. The projectile of claim 8, where the canards are af an angle of from about

5° from the horizontal axis.



