WO 2012/ 056267PCT/ 1B2010/ 003543 1 ROLLI NG PRQJECTI LE W TH EXTENDI NG AND
RETRACTI NG CANARDS CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This
appl i cat iwo 20e/d36%ed upon and clains the priority of coPpEnBngoEsd
commonly assigned U.S. Provisional Patent Application Serial No.

61/ 254,840, filed Cctober 26, 2009, irfcorporated herein in its entirety by
reference. FIELD OF THE | NVENTI ON [0002] This invention is directed to
a systemfor controlling mssiles or projectiles, where canards extend and
rettact at predet er ROBMNGERAIFCITTEAKEBE THNBIRG WENTT O

[0003] In the field of guAMNd RIERRANCSTING €EANARPSmarily two possible
aerodynamcally controlled airfranmes, nanely, a rolling airfrane and a roll

stabilized airfr@ROSREFLERENCRENOSRELETEMAPPHICAEIONSSI | es and
projectiles with aerodynam c control s. [0004] A mssile or projectile

with a rol ly ai . an. gl t s fr . Lis. rolling
notion is Jgﬁ@rlol F&W lg‘aa 3}3@%?%&%%&@ Floalﬁﬁngrtgg)ptr?%ﬁ&eéfp&{ Réﬁglogl rate
at a GRid @mme@ilyassidRe@ V. 8aPTevisional Pat@ft AppliesisPBeriaRNotl 6253840,
coordinated with the roll position, which is calculated by roll-resolvers

usi ng filed IOgtybers 26,2005 inairpexatad kerietn ihis Snticefynoe refereséd.e, whi ch uses
four steering canards.

FIELD OF THE INVENTION

[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] In 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 ment of the rolling airframe uses only one pair of

aerodynam c control surfaces and deflects themin a proper position to

satisfy twe2gumdersce and control vector demand. [ OPOG BB OYR03843

Dynami cs pioneered several new design features to create the Redeye

m ssile, which was the first rolling Zrframe nissile (RAM . Unlike

conventional roll stabilized mssiles which are steered in two axes, pitch
chanpel s,, a RAM uses,a, single control

and yaw, by two. (pitch, yaw) control .
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def | eahé nge ofieRicadcalaaomtbslerttuatd s ito divpthed balkies convemivhadhydbguliehenes,
the canards generate the lift forces by deflecting the canards by a certain
angl e Inyeraal adringt harnessasrinithg missil\wereréplaced with lightery Rexibiletflatequi r ed
to generate the lateral acceleration to change the trajectory angle. In the
ot her PIUMELVINING BAFRESSES a5 "Dithering Canards,” the canards, once

depl oyed, vibrate or dither at sonme frequency in the rolling airfrane to
creat e t he [A®FlopTwax schiemesrofl comgral dyt a sirgde pairnef deflesting emagdshayei | e.

[ 0008], Ditheri.n ards are sinpler than def] ectable canards w th specific
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solutions to be used in the control of guided nortar projectiles, CGeneral
Dy nanitcajettychrggle.olnthenthdrtscheine, sefecndd tulas SDitheoing Chhedds,? thkel canar d

(RCFC) system as set forth in U S Patent No. 7,354,017 to Mrris et al.
The RepBatrdsioneeideployedsvilyate oy dither a{sgmy fregnency Bhthe yoljpg aigfiams,

system t hat es gl obal I ti.gning system (GRPSL, and/ or. inertial
navi gabicBite B RO Bt oty din PemisteuiRibiesti®n) Mepl acing
current fuze WD 2012/056267PCT/ 1B2010/ 003543 . .
[0008] Dithering canards are simpler than deflectable canards with specific
angles of deflection because it is not necessary to have a complex servomechanism to

deflect them. However, the dithering canard scheme needs to be packed and then

deployed after launch, which usually makes the mechanical design complex.

[0009] Seeking simplicity and low 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



3 hardware in existing nortars or other projectiles. A typical projectile
havi ng the RCFC system conpri ses: (a) a nose section with a gui dance
package, wo0et2/36263pi nni ng strakes, and a set of two fi pea/1HB/eE5E]
canards; (b) a brake unit section, with a brake system (friction or
magnet o rheol ogical fluid), to nodul at®e the spin of the guidance section
with the projectile body and stabilizing fins; and (c) a projectile
body with multiple canted fins. The projectile is, desigped, to couple and
decoufta dpided§Xisting BaEtans o1 othey PﬁﬁleﬁPﬁtSh az '@’&Wﬁ Praiestile, ﬁamgeﬂ@m

di r ecty ' varli .Spin rates, or rotate as a single body, dependent
upon t gﬂgr%ﬁﬁa@gﬂrl@geeﬁ‘f the rotation rate is close to zero in the

reference frane, the fixed deflected canards will trimthe progjectile and
generat e | at er al(@hor felosesiesonyyith g gyidanes packages aseh pbepinning strakes,

desired or nd v Of_I . gui dance system (for exanple, GPS
or INS). I—MF, ({fﬁtﬁn;so @%‘f@#ﬁ?‘gﬁgf%&gﬁgm ex and not practical for many
projectiles. [ 00010]. Anot her ,concept to create trajectory correction
to artillery prdpbct i reakeunit sectiorbgvith ajeraks systern dfriotion pEMAgNLtRG. WO

2008/ 143707, t o, Pt Lash.., Traj I [rors n [rec L1, t ways:
Assum ng arl hﬁlé)gé@&ﬁﬁ{ld?ﬁaer%ﬁ@é%ﬁgﬁes lno?lctglfﬁg'gd%i?%es&&&i%g'i ‘Zﬁ% tﬁg used to
correct therpiltdfle oY ahd stlbRiARS WIRSahfiat the target is at a range
shorter than at which’the weapon Ts ai ned, because it only can waste

ki netic energy braki ng th rpjectile by the u of aerodynam c brakes.
[ 00011] A defl egh on ac%?ﬁ&%ﬁ%&ﬁ"ﬁs“’t S &'ltbﬁletcﬁélt?(iﬁnst hat a very fast
spinning projectile will divert (drift) to one side depending of the roll
not i onTgierIB'@ﬂ‘F“dH,e indesigned t9 spwplerarbdegpule thefwo segtions@ege andiaabbount
of thel ateral td’;i.ft .irhe P@in {:orrec%i’]on .f%ﬁs of Pfistash Céo exactly this
by ext Sl g SHtatein differgpt dppegtions, with yarjahlcspip rafes, ar rpaty a3 ot i n
Opposi Bﬁdg' A&sdndRnE upbRaheHrakifs forc@NAf BRIFGtatidf ra¥@is close to zero in the
2012/ 058257PCT/ 152016/ 003543

reference frame, the fixed deflected canards will trim the projectile and generate

lateral normal force, which will steer the projectile in the desired or demand vector
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



4 deflection, is controlled. However, the gun or weapon nust be ained in a
specific direction prior to shooting so that by changing the spin rate and
br aki ng twe 20elms6icty over the trajectory, the desired tacgaBaan3se hit.
[00012] Simlar to the control system di scussed above, this systemis nuch
nore conpl ex than is needed for slow rolling projectiles. SUMARY OF THE

| NVENTI ON [00013] It is an object of this invention to provide a novel
system for .controlli 1ssiles aor projectiles, is sjnpler gnd | ess
expen e@é’cﬂﬂanlst‘%‘élt'éﬂr]gidg] OH’§¥E‘F’itE}§($“é‘b‘H’v@eaP0“ m‘f% 2imed in 3 spedfican

001 e il BrsbYS Uhbing, 8o 85 84 EnRud e A%pff PARCEA] Byl @l endi ng and

retrac er o 1S I nvention

to pr%ldi‘ity%@e’r'ﬂh%&r@fecﬂf@ﬁ%ﬂbﬁ?ed\’fﬁfg%tﬁﬁﬂ%re%t extend and retract for
times and at predeterm ned frequencies corresponding to the rate of

nvent  on_ d80GFAUBRRAEH Kt he.control SRl ngsta TbUFE, NI *havi ng
a forvapee @(ﬁﬁglé%ntlﬁ'iicﬁs%e@ﬂéﬂ feEHoWOFbIRRAY yédiﬂesa | ongi tudi nal axis;
two or nore canards in the forward sectl on opposite sides of the

projectile that are capa rﬁ@? tracted for tinmes and
at frequencies correspon?lméﬁggyeﬁgﬁ @?gﬁd of the projectile;
two or nore tail fins in the rear section that are fixed coextensive to or
at an angl d00@13Indt isoaypbigsit ofthiginyention to provide a novel system for

controlling missiles or projectiles, which is simpler and less expensive than the

systems described above.

[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 from and
retract eaworv/askms7pr oj ectil e body for tinmes and at WOPCT/IB2010/003543

2012/ 056267PCT/ 1B2010/ 003543 5 frequencies related to rotation of the
projectile to correct the path of the5proj ectile. [00017] It is a yet
further object of the invention that the projectile or mssile will have a

GPS or INS navigational systemthat will be in operative co ication with
t he canar dsfrqququ%eSfl&imfl&Oer&%ﬁl%pfwle PF?JGGB[%’B']O carEeet cp%guwgrtﬁﬁbj ects of
t he inventi(}?}éﬁlgthl3 beconme nore apparent fromthe disclosure herein.

[ 00019] Acdd ng to the invention, a cost-effective 2 or 3 DOF steering
system when coupled wt S navi gati on system _prqvides, cqurse

correcti on 0801 HpHdse@ Y “? ﬂ’r%?g’ch%“gtl ribeiinyention thaf theproiedHsor miseile | er y
P ottt v S8 BE NSO B0GRE SR, «fhe MIE pE U SR Rlve f Binmihiticib
p

sl owl yyitRlthe tinirtdsHi theHol-Whddse&o.r ol system conprises canards that
extend and retract for tines and at predeterm ned frequencies on the

forward en h rojectile, .. 2 The fl.ight contral IS
2t ached- YN TAINELBLCHAT b ohieses MBI Yerl S Ml S BEIOEL aBHRHG

proj eqf-dmethle! digdlbsurtderfel . ght control system measures the projectile's
position (using GPS or INS technology), and then the flight control system

whi ch i ncl g eRs e Stighth LhEk Serlddif M cok ARl ES 01 HOR SRathanRy ocT sl ¥
system, when coupled with a GPS or INS navigation system, provides course
correction to improve the targeting precision of mortars, bombs, artillery projectiles
and missiles. In one aspect of the invention, tail fins to produce rotation are
provided, which tail fins cause the projectile to slowly roll in flight. A flight control

system comprises canards that extend and retract for times and at predetermined

frequencies on the forward end of the projectile.

[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.



[00021] As the projectile rotates, the relative rotational position and
canard extension (fromthe projectile body) varies as an actuator controls
t he posi twonai2/ssteensi on of the canards. The control | edpextiBzdd/o35&nd
retraction of the canards varies the |ift on the forward, |eading edge of
the projectile fuze. The resulting vard ation of Iift on the forward poi nt
of the fuze provides for variation of the angle of attack on the nose and
forward ca his system provides a |ow g .correcti t he

proj ecti | eﬂﬁﬁﬁg&lh. couyding to theimrention, tho sHuplieey ok fie ﬁh%[ceeemﬁ (only
Accor di ng.. t L nvent | o | el T . .only one
pocor b RuS L AR AL GBI it Sl FTERSBRE Bl SORLY, o0,
It 1s c%ﬁplﬂda@iﬂﬂﬂfé fitel fdc&f&ndeﬂméi@élﬁﬁngfalﬁﬁéﬁﬁlétﬂ& @Mﬂcﬁtds@ﬂé ofiy emérar ds
using only one linear actuator while the conplete airfrane is rolling by

t he udmeat actwited wlild tHd complete hixtfiramerisc eplling i the wid ofcanted itail firs.
required to obtain the |ateral force vector in the desired direction due to
onl'y didqthiconeeptsathe bellipgimetipn ds equired fo ohtaindhelateral foyep yaeto ino

o SRR AL nobnd S HROE RNE,
rolli ggyst rouGeéd b6 crddie i%g?&’éé%ﬁdsﬁ%ilﬂyaﬁg g? %niﬂﬂ?tl’i'@%’ﬁiﬂattdté’ @@hsﬁgﬁrégm

pI’OVi course correct n to i1 nprove i ecl sion of nortars,

arti| lgsirysqopié deift |8dateraliforice prodacer. [00024] The steering system
according to the invention includes tail fins, canards, a GPS and/or INS

navi gat | ooy FHush blobdDiroRRL 6 ERIERWifdh cctiled il TSGR NG L e

fuze and projectile or mss pl aced at an angle to
the | engigatibmalsyseens prioviddsnduees conieativnrto dngprove ghe precisionvdfymoplalrs,ng
projectile in flight. On the forward end of the projectile the steering
syst eronmls, aréidleey peojtichidesanudmaissdes. i ng canards. The steering systemis
fixed to the projectile body. The canards are planar and preferably canted

at a fixed 60024 Thetsf@riﬁ%‘lqisfte&ﬁimbr@ﬂ thednt&etiomiikclatled i2iEflng,nci dence.
[ 00025] During projectile tflight the GPS and/or I NS navigational system

measurcasarés Seand/oe INSpoavigatiopaksystamea flighfhconfvok caanputarpandran
initiagtes flight control actuators tha reci sel,y_extend, andq retract, the
canar daterfage fg'otﬁ?@rfallﬁ andgyojectile ﬂréms{]%gpﬁ& Tl fins ?ﬁ%pl,agﬁgrﬁasaw«‘mlss t he
lift . . L Qi ' iationain lift
11 90 (hOFolRFuan BRAANG! kel R b sFURSS SN AP REALI " |
the eqhiflighRr OnSthlei foPwarlicnd dIrthd yfidfectilé BhEsRerin!s§Stenh Mclaleer s the
projectile into a desired path to correct the errors such as variation of
muzzl exvaidiogtand rdracting eanaiglserklor steeeing syeteavis fixid to the projectile
2012/ 056267PCT/ 1B2010/ 003543 7

body. The canards are planar and preferably canted at a fixed angle to the

longitudinal axis, and they are 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.



[ 00026] The current requirenments for precision fires and m ni mum col | at er al
damage for the actual battlefield requires | ow cost solutions for contro
devi ces twohwe12appiesred i n smart weapons. Mortar projecti Pe3/IB2INO@GSIF ect i on
systens based on | ow cost GPS/I NS neet_ these requirenents. [ 00027] The
current trend in the case of Iom1cost'buided or corrected nortar munitions
I's characterized by the follow ng requirenent matrix: |ow cost; fire and
forget; cor d.trajectory to mnimzing nomnal trajecgtory errors;

GPS/ I NS nadb@&ﬁoWLEGHﬁéﬁﬂtﬂle&“quleé PF Bliecidigndirespan dpunispun,epllateral
capabi ] i t ' ' 0 ' e res of
c20301, e d R AU AONAR T Lo AADFe St BRSIGARRY Btk ] GRIHES 2
and efapplie@NaYndrtWédFnsVevip pf%yrfgg/gétﬂeg mtlpEErﬂe§ti6ﬁ%§§ﬂeﬁ?§2ﬂ>yseﬂetﬂpw, the

| ogi stics are reduced, and the O is increased. Large

exi st icogt GRS/ENS pnegtahesd seqaiipakentsur r ent ungui ded nortar devel opnent can

be used. This includes existing bodies/tails and fuzes. 3. The .
corrector nMyed2At The chPrént t+éfd in the casCeSlov Cosit %‘il‘iei’éd oPRErRICRA A{réad 1S
hardy enough for field handling. [ 00029] The control and gui dance

syst emmdnigiimsedharactetiaednby thefellowihds réquarémehomatgixadvant ages:
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.



1. Flip-out fixed incidence planar canards (two canards). 2. One single

el ectronmechani cal actuator. 3. LATAX denmanded by the gui dance system
tuned wi twof2biynseast frequency and/ or canard aperture. YOT/IB2010/003543

2012/ 056267PCT/ 1B2010/ 003543 8 4. Rolling driven nonent produced by
canted tail/nose fins. 5. Stati @ pitch stability that is not strongly

af fected by forward canards' aero-surfaces, where the static stability is
decreased with canard, expaosure, thus increasing the trimangle, to cause
lateral accel eré‘bin]gﬂﬂmg erf@maanb%«que&}mmteﬂeﬁw lg%spect of the

I nvention hereinis that it is a sinple way to generate control forces in
nmortar projecti [SesStatisi pitchastabilityethahischotcstnongyiaffeegedbgdomivabd a f uze, can
be arnmed in a systemat | ow cost, and is co ible with current

devel oprr:ant@“?‘ﬁ Eosr O riasedaWherg thastgis s nﬁﬁtﬁéwws&e%w@r?wd i
' [ ) 1]1. Pr. i.i i i
vt on. E5Rests (RS BirehtifE The 2 sl (oS RRATat ARERHEH. "D 0 1

i nt ended tar&et and the ballistic computations wil| determne the errors of

the cal cul dPEBHor Ilmtiql%qlﬁé@lwg_t #APA (;wthﬁ peentinmhberedn duthsyf it e -
2 i r AEPRL Wa$ PigsBin AR RS (HuPORn R AR bR deBice b o

ref er qpGR Sl ¢ witdia 182dR4AR BeParkhied ipkl s?ét_e'i'ﬂ al fwich§d attass rcbﬂicﬂd%iblef the
preferred enbodi nents of the invention a$ illustrated in the acconpanying
dr awi rvgith current developments in GPS/INS guidance packages of these types of smart

projectiles.

[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;



BRI EF DESCRI PTI ON OF THE DRAW NGS [00033] FIG 1 is a substantially
cross-sectional view of a schenmatic of an enbodi mrent of the invention

wher ei n csloant#sease ext ended; [00034] FIG 2 is a ®alvaBano/hassssy
cross-sectional view of a schematic in FIG 1 wherein the canards are
retracted; [00035] FIG 3 is a bi%ck di agram representing the control
system according to the invention; [00036] FIG 4 is a representation
of the proj | ].e t ation, accordi to the . invention, show.ng the._,

posi ti ons a[ﬁ%#lcﬁi‘gh i aiderienof @s@tf@ﬁW@adMtlp@tqu;?cpeu,ectl@@ccordmg
2012/ 010/ 003543 9 [00037] FIG 5 is a side view of the
form&gqﬁggﬁgggﬂ‘gﬁ a projectile according to the invention; [ 00038]

FIG 6 is a h of the path of a projectile from|aunch to inppact, with
hei ght in tlﬂ&@ﬁdﬂghél%mcgrapbt%tbe piaﬁf-pﬁé proiestile from launghy o dopagt.c 7 i s
a graph . h of;. rojectile in FlG. 3 where the cal cul ated
cor r oottt el A3 oFirldtp RS Toiele ahRisshin

[00039] FIG. 7 is a graph of the path of the projectile in FIG. 3 where 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.



[00040] FIG 8 is a schematic representation of the corrected and
uncorrected projectile paths. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 00041] Twe 2praisezsred enbodi ments of the present inventipom/B2oib/003648 be
described with reference to FIGS. 1 to 8 of the drawi ngs. Identical

el enments in the various figures are dEQignated with the sane reference
nuner al s. [00042] FIGS. 1 and 2 are each a substantially

Cross-secti representation of _a rtar according to the invention. A
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housi ng 14. Canards 12 are shown extended in FIG 1 and retracted in FIG

2. Carveiddl ahd sbeutdiggesbutySlocea iarlengths the suefaoe ard:bextonidiig padially
comuni cation with a fli ?ht control system 18. Flight control section 18
conpr ifsem theputeysurfase ol housiag ich as a GPS or INS and, preferably, a
CPU. Preferably there is a battery or other power source 22 to provide
power to fIl[0g046]c®htrcohtinlsysteni Bcanrding tathoinvettioniOshown in the block
2012/ 056267PCT/ 1B2010/ 003543 10 [000415V] The size of the canards wll
dependliagiamset forsh in ddGods AiGRS 2di angd andNS 2 INS 26 beprpppdonaleeaciy,

The. cAnmaniGf Bissdls rilecthgtosifith IGrotaeaih By scp Cad: R cpl e ib?ﬁt
10 s . ' ihal.s
out or CHPFURRRET AT EERl o, 16 SGRBAE rol AT hE SRR B PR

the i 30erCPUNB0 prodegyes the 1obetién anl rélldgf@atbon had thenhwhiefs appropridts 24
and an INS 26, INS 26 being optional, each comrunicate signals reflecting
| ocat isend$ pignakfeto antuatora34oPU 30. A rol |l gyro 32 communicates rol |

i nformation, for exanple, roll angle and angul ar velocity, to CPU 30. CPU

30 processg0004H Aetwitop16a1B4 i3l dn eletaticdioraneaithithedevivd intawsepr i at e,
sends signals to actuator 34. [ 00047] Actuator 16 or 34 is an

el ect roineair lothnesataads d 2| todaténub or metractas desiverd, preférablly famtinus angl/en

ext end &r retract _as desired, grgferabl for, ti E and/ or, at_frequenci es
that ASAFeapaeiesthat garrespandito the xat waﬂﬂgﬂgﬁ ¢ Brojactile.cEor g &,

the canards may extend from the housing once per cycle, that is, once per rotation of
the projectile, for from one-third to one-half the cycle, the timing dependent upon
the rotation and the correction 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
ti mng dewendemtseaspon the rotation and the correcti on necCedBzny0o3fiser e nmay
be situations where the canards can extend and retract nore than once a
cycle, or less than every cycle, or fdt nost or all of a cycl e, dependent
upon the correction required. There may be one particul ar frequency at

whi ch the actuator qQperates or, optiognally, the frequency may vary
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rotation of a projectile. The diagramshown in FIG 4 represents one 360
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projectile rotates to an angle of 120, and are then retracted. |If the

proj e¢ort&tion k«@uicedyui ded to the left, the canards are extended during the
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time the c i eLn j L i 1l e
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pr oj edfaidiAly eterdee fiioniroRohdifg ddrgfefoi-wand sectivon 40. Canard[4D0i84ft]an ingleG. 5,
a forward section 40 of a projectile has a canard 42 that is radially
ext end@dtoflpngitud hml sixiggS04 Aaiglé 48 wan desioni abpouio2® Waskout AP, psefgrably angl e

48 to Jongitudinal axis 50. Angle 48 can be from about 2 to about 20,
pr ef erfawbq@rf@a ou 100, mosEeTe ,raﬁ&%gwé%rabw about 5. EXAMPLE
In a cal cul ated exanpl e of an enbodi nent of the invention, a nortar with a

mass of 4.40 kg was fired at an i BXAMPRAgl e of 45 with a velocity of
300.00 nm'sec. The rotational frequency was 8.00 Hz, at the maxi num | ateral

accel er ati qi.a calculatb@ ekhiplObf hiiknibédifiertad tRE ivferitin, o MO riaANgRhhei ng
5506. 0 m The maxi mum hei ght was 1640.30 m at which point the velocity of

t he pmoasscefi4.40 kgswas finedhaminitinl angle af1457 with. a Volosityd F00dl) ngses0 sec
after |aunch., The_velocity at_ | ct s 194.76 sec, at_an angle of

54. 73 Teotatienal freaseury was 0O, gt the maxiinam Jaterabaceeleyaggnm FIG
6 is a graph that represents the height of the path of the projectile from
| aunch to iTipatime off thiedlight aaardésd b sceos thiedangd Ring 35 6¢) yr.ajphe mhaximum

represents the t of lateral, correction necessary.,FIG 8 is, a
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t he invention.
194.76 m/sec, at an angle of 54.73°. The maximum lateral correction was calculated

at 233.69 m.

FIG. 6 is a graph that represents the height of the path of the projectile from
launch 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.



WO 2012/ 056267PCT/ 1B2010/ 003543 12 There has thus been shown and
described a novel rolling projectile with extending and retracting canards,
parti cul avbyormseasti ch fulfills all the objects and advaotragado/socaght

t herefore. Many changes, nodifications, variations and other uses and
applications of the subject inventi onlevi |1, however, beconme apparent to
those skilled in the art after considering this specification and the

acconpanyi glghdrawi ngs whi ch disclose the preferred enbodi nents thereof. All
such changeshergdwsithusbiegn shoya and desrribetia oyel rollipg progecte Witht i ons

whi ch n d rt. fromthe spirit,. cope of .t Lhv ion.ar emed
to be SRRk SRR bt afNRe RO Rl AREUS S be3hiS HAS
whi ch JRbhies HOROHRGARGRE i LHRALAY MBAAR atBSL ARVl Seibal med
is: 1. A projectile conprising: a projectile body having a
f or wvandes antdiapplizatioas o€ tlie swejiecoinvaendionawilh doavdvenghécotn @ apparédrd;to
those skilled in the art after considering this specification and the accompanying
drawings which disclose the preferred embodiments thereof. All such changes,
modifications, variations and other uses 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 canards in the forward section on opposite sides of the
projectile that are capabl e of being extended fromand retracted into the
proj ecti lwokoyséwr ti mes and at frequenci es correspondiPa@/IBmio/hesss3at e of

rotation of the projectile; two or nore tail fins in the rear section
that are fixed coextensive to or at ah3angle to the |ongitudinal axis, and
an actuator for extending and retracting the canards, wherein, after

the projectile is fired al ong £ t[q\% anards are extended from and
retracted into the projectile bodgit o It s and frequencies related to
rotation of the projectile to correct the path of the projectile. 2.
The prWhatis ¢leimédds:ai m 1, wherein the canards are extended and retracted
at such frequency, and at such periods during rotation of the projectile,
SO0 as to cyusg praj&itab coRMARENL: 3. The projectile of claim 2,
wherein the canards are extended and retracted at a frequency of at |east
once every rotatj claiml
whi ch al so conprlgl%égétlltg(r)lﬁ)t@{)&‘?% tde%rtwﬁg secﬂon-[l[ e‘eg"té ll?gltééirdto ext end
and retracth adpasidadinal axis;5. The projectile of cI aim4, wherein the
control system I ncl udes a GPS naV| gat I onal system or an I NS navi gati onal

Wb 2012 056267t PR BTSF 6EhBYP iR foRSALRciln SRUp Rl e IES! | &

projectile that are capable of bemg 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 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 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 1, 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.



6. The projectile of claim1, wherein the control systemincludes a rol
gyro systemfor determ ning the angular position of the projectile.
7. The prwpeotzdse2éof claim 1, where the canards are at @aoTARYI@@E4F r om

about 2 to about 20 fromthe horizontal axis. 8. The projectile of
claim7, where the canards are at an éﬁgl e of fromabout 4 to about 10 from
the horizontal axis. 9. The projectile of claim8, where the canards

are at an angle of fromapout 5 fromthe horizontal axis
({l gi"he pro{ectire] OP g]a%m 1, Where£n ﬁw contro system)éncludes aroll 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 at an angle of from about

5° from the horizontal axis.



