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MWV seekers. SUMVARY OF THE | NVENTI ON According to an aspect of the

Lo i th an odd number wrorrIRTOMEETEF BHEATERARL, "aspect of the
i nvention, a guGlidedninssils ahtgroidesies haod yrevitwkii utiiddd @fpidtbl y coupled to
the body. é\ltmtlaaﬁg tse%-ratcti\?gz laser (SAL) terminal seekers for guidance to a target

or other desired location. SAL seekers provide some measure of guidance,

while maintaining loose requirements in terms of induced pointing errors,

errors due to undesired changes in orientation of the seeker. More recently,

imaging infrared (lIR) and millimeter wave radio frequency (MMW) seekers

have been employed. Among these new types of seekers are uncooled

focal point array seekers, which are a type of IR seeker. Such new seekers

may reduce cost, weight, power requirements and/or complexity. However,

they may have longer signal integration times, and may indeed have

requirements for stability that are a factor of ten more stringent than with

older types of seekers, such as SAL seekers. '

it will be appreciated that improved stability would be desirable in
missile i:latforms for unaided autonomous acquisition devices such as HR
and/or MMW seekers.

SUMMARY OF THE INVENTION
According to an aspect of the invention, a guided powered or
unpowered missile has a freely rollable tail with an odd number of fins.
According to another aspect of the invention, a guided missile
includes a body; and a tail assembly coupled to the body. Atleast part of

the tail assembly is rotatable relative to the body. The tail assembly has an
odd number of fins.




‘ [ ly is rotatable relative to the body. The tail assenbly has
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invention comprises the features hereinafter fully described and particularly

pointed out in the claims. The following description and the annexed

drawings set forth in detail certain illustrative embodiments of the invention.

These embodiments are indicative, however, of but a few of the various

ways in which the principles of the invention may be employed. Other

objects, advantages and novel features of the invention will become

apparent from the following detailed description of the invention when

considered in conjunction with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

In the annexed drawings, which are not necessatrily to scale:

Fig. 1 is a view of a missile in accordance with the present invention;

Fig. 2 is a view of the tail assembly of the missile of Fig. 1, with the
fins of the tail assembly in a pre-deployed or undeployed configuration;

Fig. 3 is another view of the tail assembly of the missile of Fig. 1, with
the fins of the tail assembly ina deployed configuration;

Fig. 4 is an exploded view of the tail assembly of the missile of Fig. 1;

Fig. 5 is a graph showing auto and restoring moments of tails with

various numbers of fins;

Fig. 6 is a graph highlighting restoring moment variations for tails with
various numbers of fins; and



fins of the tail assenbly in a pre-depl oyed or undepl oyed confi guration;
Fig. 3 is another view of the tail assenbly of the mssile of Fig. 1, with
the fins of the tail assenbly in a deployed configuration; Fig. 4 is an
expl oded WENIFH220TRe tail assenbly of the mssile of Figcris2okogrod is a
graph showi ng auto and restoring nonents of tails with various nunbers of
fins; Fig. 6 is a graph highlighting restoring nonent variations for tails
with various nunbers of fins; and WD 2005/ 022075 PCT/ US200-1/015795 Fig.
7 is a graph oFigedusweayreph op exeivalent pixetsyef isvagersmesar dsaitdil motlirkter ate  f or

m ssil es r. . | O nunbers of tail.fins. DETAI LED DESCRI PTION A m ssil e,
either a %’g\x}é@ﬁesﬁ¥?T'%“%PU'§ﬁ9[ﬁn%Jc}a}é%'ea- projectile, includes a
"freely-rolling tail assenbly having an odd nunber of fins. Having an odd

nunber of fins may reduce oscillations caused by the rotation of the
freely-rotating tail. This may nmake a nore stable platformfor a seeker,

such as an uncool ed focal | r imaging infrared (II1R) or
mllimeter wave radio freq%@iﬁwsgggegw&i n the body of the mssile.
Al'so, mini m zAngisede, dithet agovayed misgleadr ATldnpewded stbjdcties may facilitate

control of the mssile Referring initially to Fig. 1, a mssile 10
i ncl udes E'Q%{é\ﬁ/aﬁnﬁe%'é’d?"‘fg taik gssanally having aff edd sumbeg of fins. Hewegbly 14. The
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wave radio frequency (MMW) seeker, in the body of the missile. Also,

minimizing oscillation by using an odd number of fins may facilitate control of

the missile.

Referring initially to Fig. 1, a missile 10 includes a forward body 12

coupled to an aft rolling tail assembly 14. The term “missile”, as used

herein, is intended to encompass both thrust-producing and unpowered

devices. Thus, the missile 10 may either be an unpowered projectile, for

example, fired from a gun or other launcher, or alternatively may be a

powered missile, for example, containing a rocket motor, jet engine, or other

thrust-producing device.

The forward body 12 includes canards 20, as well as a seeker 22

mounted on a gimbal 24. The canards 20 are used for controliing orientation

and course of the missile 10. Thus, the canards 20 may be coupled to other

devices in the body 12, for example, an inertia measuring unit and actuators

to aid in determining the course of the missite 10, and the proper positioning

for the canards 20 in guiding that course. The canards 20 may be stowed

within slots in the forward body 12 at the time of launch or firing of the

missile 10, with the canards 20 being deployed by any of a variety of well-

known methods. For example, the canards 20 may be hinged and may be

deployed through the action of pressure within a launch tube. Alternatively,

the canards 20 may be deployed by other forces, such as inertia forces. A




The forward body 12 includes canards 20, as well as a seeker 22 nounted on
a ginbal 24. The canards 20 are used for controlling orientation and
course of the mssile 10. Thus, the canards 20 nay be coupled to other

devi ces i n‘Y%%"“HB@;‘)“lZ, for exanple, an inertia measuring@cunistocansros
actuators to aid in determning the course of the mssile 10, and the
proper positioning for the canards 20 in guiding that course. The canards
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| The seeker 22 may be any of a variety of known terminal seekers.
Two broad categories of terminal seekers are imaging infrared (/IR) seekers
and millimeter wave radio frequency (MMW) seekers. A subcategory of liR
seekers are uncooled focal point arrays. IIR and MMW seekers offers
advantages in terms of weight, complexity, and/or cost, when compared {o
other types of terminal seekers. However, IR and MMW seekers may have
relatively large acquisition times. For example, an uncooled focal point array
may take a relatively large time to integrate optical energy. The acquisition
times of lIR and MMW seekers may be in excess of one millisecond, in
excess of ten milliseconds, or about sixteen milliseconds. Further
information uncooled focal point arrays and liR seekers may be found in
commonly-assigned U.S. Patent 6,144,030, which is hereby incorporated by
reference in its entirety. Further information MMW seekers may be found in
commonly-assigned U.S. Patent 6,100,841, which is hereby incorporated by
reference in its entirety. In addition to the broad categories of seekers
mentioned above, it will be appreciated that any of a wide variety of seekers
may be utilized with the fin configuration described below, including both
gimbaled (such as described below) and body-fixed (tail assembly not free to
rotate relative to the body) configurations.



and mllimeter wave radi o frequency (MW seekers. A subcategory of IIR
seekers are uncool ed focal point arrays. IIR and MWV seekers offers
advantages in ternms of weight, conplexity, and/or cost, when conpared to
ot her type¥03f05@24nal seekers. However, |IR and MWV semkenSoimMsHave
relatively |arge acquisition tines. For exanple, an uncool ed focal point
array nmay take a relatively large tine to integrate optical energy. The
acquisition tipes of IR and MW seekers may be in excess of one
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assembly 14 with the fins 32 in their pre-depioyed configuration, and Fig. 3

llustrates the fins 32 in their deployed configuration. A mechanism may be

provided for locking the fins 32 into place once deployed.

Referring now in addition to Fig. 4, the tail assembly 14 includes a
bearing assembiy 40. The tait assembly 14 is a freely-rotating assembly,
 allowing the fin retainer 30 and the fins 32 to rotate freely relative to the

forward body 12. More precisely, the fin retainer 30 and the fins 32 freely

rotate relative to a base 42 of the tail assembly 14, which in turn is attached

to the forward body 12. A rolling tait such as that in the tai assembly 14 is

utilized in order to simplify the roll control of the missile 10. Turbulence off

the canards 20 causes a roll moment in the fins 32. If the tail is fixed relative

to the forward body, the canards must be made large enough to contro! this

rolf moment. This would result in smaller-than-optimum fins, reducing lift of

the missile, or larger-than-optimum canards, increasing drag and/or control

complexity. The solution is to make the tail freely rolling, for example using

the bearing assembly 40 shown in Fig. 4. The freely-roliing tail largely

obviates the need to provide roil control.

However, a freely-rolling tail will tend to rotate at some smali rate, for
example, on the order of a few Hertz. This rolling of the free-rolling tail
causes a wobbling through the missile 10. This is because as the fin

retainer 30 and the fins 32 rotate, the fins 32 change their orientation relative
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t [ [ [ [ The fins 32
has fin slots 34 corresponding to respective of the fins 32. N
‘'may be depl oyed during flight, using nechani sns such as those descri bed

t he
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mechani sm may be provided for locking the fins 32 into place once
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decreases the variation in restoring moment as the freely-rolling tail rotates.

For example, a tail having five or seven of the fins 32 experiences markedly

less variation in restoring moment than tails having four, six or eight fins.

Fig. 7 shows an example of the equivalent pixels of image smear, due to the

gimbal 24 incompletely removing the time oscillation of the forward body 12,

as a function of the number of the fins of a freely-rolling tail. As can be seen

from Fig. 7, the lowest amount of image smear occurred with configurations

having five or seven fins.

Thus, the missile 10, with its odd number of the fins 32, produces less

moment variation (wobbling) than traditional designs having even numbers

of fins. The reduction in wobbling allows better image acquisition by the

seeker 22. The missile 10 may have five fins, may have seven fins, or may

have an odd number of fins greater than seven.

in addition to providing a more stable platform for the seeker 22,

utilizing an odd number of fins may advantageously enhance guidance of the

missile 10. It will be appreciated that a reduction in oscillatory motion may

enhance the accuracy of readings from inertia measuring units that measure

rotation rate and acceleration, and/or may reduce control-system-generated

movements of the canards 20, thus, for example, reducing the amount of

power utilized by the control system.



to the angle of attack or apparent wind direction of the mssile 10. This
causes variations in the drag and/or |ift characteristics of the mssile
10. This wobbling may be difficult or inpossible to fully renove using the
gi nbal  24WORNEYERGISe, the wobbling generated by notion pér/ifRgfdi%dset ai ner
30 and the fins 32 may cause difficulties in maintaining acquisition of
the seeker 22 on the target or other destination. These problens are
particularly acute when seekers with large signal integration tinmes are
utilized. | Fi gUss of enusidraireberant thaémplﬂz rafy hh@w'u%b‘i:ff%rgé?ﬁﬁﬁvhﬂg moment

in arbit S function e nunber_ of finsS of the tail. As
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moment . Hep@vef thewhil Asé be seen
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freely-rol ki g cta?lb}dé'?éat es. For exanple, a tail having five or seven of
the fins 32 experiences markedly |ess variation in restoring nonment than

tails having folne oddésyn’fm@ﬂn@fih dddﬁguratIEhQaanﬁbﬁJ‘ﬁ@l?é’r'bf‘? gampl e of the
equi val entﬁgﬂxel Saﬁgcsl mage snear, due to the I mbal 24 1 nconpl etely

removi ng t PﬁF%\Q ABAUA tallra-;ssemmmebou@d sbove amyaoffannct ion of the
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the | owest anount ar occ thBavi ng five

or seven f¢Qn§lgulratlma mayl@ff&r méa‘seﬂ&angetrﬂatlﬁétd)ﬁmllwﬂﬂ@éllegfwrfl‘he fins 32,
produces | ess i on (wobbl'ing) than traditional designs haV|ng

even nunbers %‘fm'ﬂeﬁéc ﬁ%ﬁf{@ﬂ%@ﬂ%n in wobbling allows better inmage
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motion compared to corresponding missiles with even numbers of fins. In
addition to the advantages of providing a more stable platform for the seeker
22, and the other possible advantages discussed above, the missile 10 with
its odd number of the fins 32 may have a larger range than corresponding
missiles with even numbers of fins.

Although the invention has been shown and described with respect to

a certain preferred embodiment or embodiments, it is obvious that equivalent
alterations and modifications will occur to others skilled in the art upon the
reading and understanding of this specification and the annexed drawings.
In particular regard to the various functions performed by the above
described elements (components, assemblies, devices, compositions, etc.),
the terms (including a reference to a "means") used to describe such
elements are intended to correspond, unless otherwise indicated, to any
element which performs the specified function of the described element (ie.,
that is functionally equivalent), even though not‘ structurally equivalent to the
disclosed structure which performs the function in the herein illustrated
exemplary embodiment or embodiments of the invention. In addition, while
a particular feature of the invention may have been described above with

respect to only one or more of several illustrated embodiments, such feature
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mssile 10. It will be appreciated that a reduction in oscillatory notion
may enhance the accuracy of readings frominertia neasuring units that
nmeasur e rQb@EMPﬂuéﬁte and accel eration, and/or may reduce

control - systen}gen Fited novenents of the canards 20, thest/ubmngy/exaypl e,
reduci ng the anount of power utilized by the control system 6 WO

2005/ 022075 PCT/U82004/015795 Use of an odd nunber of the fins 32 may

al | ow use stil nabling control of the mssile 10 by
the canar dg]flazdoBé ohge'h&fwﬁwg 0"& qra{ppre QAhghiesturegofthe pthes semsdimendts( t he

di anet er ofasanay beldesied Ring f at er. t an a canard
span of the nlsglle 10 (theqfﬁghygk?ﬁgf%?§n€§NEHQ%§Q€Wg' éﬂﬁ?@@ The
odd-symretric fin configuration (an odd number of fins synnetrlcally
spaced about a tail assenbly) descri bed above nmay offer additional

advant ages beyond those al ready nentioned. For exanple, the configuration
may offer increased range relative to simlar mssiles with even-symetric
fin configurations. The use of an odd symmetry tail such as that described
above thus allows a nore efficient air vehicle by mnimzing the nunber of
surfaces needed to generate |lift while at the same tinme reduci ng possible
oscillatory notion conpared to corresponding mssiles with even nunbers of
fins. In addition to the advantages of providing a nore stable platform
for the seeker 22, and the other possible advantages di scussed above, the
mssile 10 with its odd nunber of the fins 32 may have a | arger range than
corresponding mssiles with even nunbers of fins. Al though the invention
has been shown and described with respect to a certain preferred

enbodi nent or enbodi nents, it is obvious that equival ent



al terations.and nodifications will occur to others skilled in the art upon
the reading and understanding of this specification and the annexed
drawings. In particular regard to the various functions perfornmed by the
above ded{Q pWH8@228Tenents (conponents, assenblies, devi eesjusempogdtions,
etc.), the ternms (including a reference to a "neans") used to describe
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(i.e., that is functionally equi v&LMMS even though not structurally
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herein il wééirlg{&gadmggj%npl ary enbodi nent or enbodi nents of the invention.
In addition, while a particular feature of the invention may have been
descri bed abov j th, respeﬁ:t to only one or nore of several illustrated
enbodi nents, sdet SEegaissileI Heompkisim7s  PMUS2004/ 015795 nay be
conbined with @%@1 r&égother features of the other enbodiments, as my
be desired and advan gg’eous for any given or particular application. 8 WD
2005/ 02207-5 RGHl eSg@0blyq18Yoduledtd/Babady;i s clainmed is: 1. A guided

m ssile (10) conprisi a tail assenmbly (14) coupled to

: .a bo 2) . an |
the body; wher &' qqg%gstt pﬁgrqq){'aé %Q"I)*@SSP&?%'Y sSokatgble reativettathel e rel ati ve
to the bedyy; angl wherein the tail assenbly has an odd number of fins (32).

wherein the tail assembly has an odd number of fins (32).
2. The missile of claim 1, wherein the body includes a seeker (22).

3. The missile of claim 2, wherein the seeker includes an imaging
infrared (lIR) seeker.

4. The missile of claim 2, wherein the seeker includes a millimeter
wave radio frequency (MMW) seeker. |

5. The missile of any of claims 2 to 4, wherein the seeker a long
sampling greater than about 1 millisecond.

6. The missile of any of ciaims 2 to 5, wherein the body also includes
a gimbal (24) to which the seeker is mounted.

7. The missile of any of claims 1 to 6, wherein the fins are deployable
in flight. '

8. The missile of any of claims 1 to 7, wherein the fins are

circumferentially evenly spaced around the tail assembly.

9. The missile of any of claims 1 to 8, wherein the at least part of the
tail assembly is freely rollable relative to the body.

9



2. The mssile of claim1l, wherein the body includes a seeker (22). 3. The
mssile of claim2, wherein the seeker includes an imaging infrared (IR
seeker. 4.Wa}gﬂ%i g&iil e of claim2, wherein the seeker includes a mllinmeter
wave radi o Trequency (MMWJ seeker. 5. The m ssile of anyproi/ustoarms7ds to 4,
wherein the seeker a long sanpling greater than about 1 mllisecond. 6.
The mssile of any of -clains 2 to 5, wherein the body also includes a

gi mbal (24) to which the seeker is nounted. 7. The missile of any of clains
1 to 6, wherein the fins are deployable in flight. 8. The mssile of any
of clainms 1 to 710.wiheenigsitder flafsgare circunferentially evenly spaced
around the tail assenbly. 9. The mssile of any of clains 1 to 8, wherein
the at |east par¥"¢fein Hie tajl sissembheinblugess freely rollable relative to the

body. 9 WO 2005/ 02207, / 015795, 10. The m ssile of claim9,
wherein the tail asse%ﬁ%ﬁ%ﬁ%%é@:c%nﬁﬁge@ to4be bpplyedl y connected to the

body; a fin retainer 480yetamemidGhotviiech i connected; and a bearing
assenbly (40) couple rt he et‘)’ngse)hand the@?ﬁgs?ee&?%@&?&ﬁ% wherein the

dto
bearing assenbly enall éga §NH3sEPHI(49) doupted tot thei tarseding i i n T et ai ner
relative to the rbgfifer: 4Rd

\
wherein the bearing assembly enables substantially free rotation of
the fin retainer relative to the base.
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