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gimbaled semi-active 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 (IR} 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 lIR seeker. Such new seekers
may reduce cost, weight, power requirements and/or complexity. However,
they may have fonger 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. i

it will be appreciated that improved stability would be desirable in

missile biatforms for unaided autonomous acquisition devices such as IR
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. At least part of
the tail assembly is rotatéble rejative to the body. The tail assembly has an

odd number of fins.



the tail assenbly is rotatable relative to the body. The tail assenbly has
an odd nunber of fins. 9 According to yet another aspect of the invention,
an unpowered guidable projectile includes a body; and a tail assenbly
coupled to the body. The body includes a seeker; a ginbal to which the
seeker is mounted; and canards. At |least part of the tail assenbly is
freely rotatable relative to the body. The tail assenbly has an odd nunber
of fins. According to a further aspect of the invention, a tail assenbly
for a guidable ?ﬁoé@'ﬁglt@,yeitﬁ@Di’I@é@Saeajaxféhéime@kiwnpmuapb@dréoo t he body;

fi tal ; ; Ins._c led to the fin retainer; and a
gealr inngr eaglsg;%?tyé?(gﬂglgteﬁgq?@%%%gbbfé)l & &K g?ﬁgaﬁﬁﬁﬂpét%%d torthe tredyt i ng
assenbly enldisl kedysinobiiesta stdherf & eanbatiatimeh efe g@&grggﬁeﬁ}&@%%e%el ative

to the base. he, acconpl i shnment of the foregoing an s, the
i nvention cc():rar%% esA@ﬁ@S qf e \ad aspemblyeis fragly yotdtsie rdetvandhe

particul arl yooqp_oimee@“%tsemj}ﬁ%eggﬁj%unﬁ% Jf_?l | om ng description and the
n

annexed draw ngs set forth | certarnifPustrati ve enbodi nents of
the invention. firesudiegiwdifumnesasgreet bhitledatémion, howRweEen®ly R a few of

t he vari ous Loswhich th rinciples of the invention may be enpl oyed.
Ot her  obj eg?}é,%%%dé&ﬁ%g%s‘ngHaegé\;ﬁseff@@?h’r%"tﬂCtQm@ theveodyi; arfirni | | become
appar ent f r catainke; 4r0bHO WuREhHH &) &l L i . the invention when
considered in conﬂ' unct i orllJ with tﬁg%gtrjgﬁagéstﬁé B&PE@'%%W@T?@@@ DRAW NGS
In the anneRPBPKGWHLED (niherbasesanmbtherfiecedsiaer | Yhi QeSfifl isskindly 1 1S a

Viewof the tarpS sBsBRRONCROE Fatiblal M B PRl obhbe ko thecbase
To the accomplishment of the foregoing and related ends, the |
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 necessarily to scale:

Fig. 1is 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 anocther view of the tail assembly of the missile of Fig. 1, with
the fins of the tail assembly in a deployed configuration;

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

Fig. 5is 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 view of the tail assenbly of the mssile of Fig. 1, Fig. 5is 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 2 Fig. 7 is a graph of equival ent pixels
of inmage snear Vg % id graphl ofreatuivaldrirpixe!s 9if iresgd emasriisous| reumier s of tail
fins. DETALLED. SCE!PTLCN A nissilf ,ﬁither a powered mssile or an
unpower ed b?dﬁ@@ 3 Ior varioup fyawess pF NS ol 1ing tai| 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 nay nmake a nore
stable platformfor a seeker, such as an uncooled focal point array or

other imaging infrared (1IR) ), 1 radi o frequency (MW
seeker, in the body of the m@T&éédAﬁ??éRﬁﬂ%& zing oscillation by using
an odd nunber oA rhis3de NGithdr aChdvidratien®eié bPhnAnpolWefedirsibtie, Referring
initially to Fig. 1, a mssile 10 includes a forward body 12 coupled to an

aft rol | i nfiolules agsehtofingdail srsembiymaving snlogd, numsbeselfingeraiing i s
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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 controf of

the missite.

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
mournted on a gimbal 24. The canards 20 are used for controlling 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 missile 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



t hrust - produci ng device. 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
may be coupled to other devices in the body 12, for exanple, an inertia
measuring unit and actuators to aid in determning the course of the

m ssile 10, and the proper positioning for the canards 20 in guiding that

course. The g el be st within slots in the forward body 12
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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 (lIR) seekers
and millimeter wave radio frequency (MMW) seekers. A subcategory of IR
seekers are uncooled focal point arrays. 1R and MMW seekers offers
advantages in terms of weight, complexity, and/or cost, when compared to
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 refatively large time to integrate optical energy. The acquisition
times of IR 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 IR 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.



Two broad categories of term nal seekers are imaging infrared (11 R) seekers

and mllineter wave radi o frequency (MWJ 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 types of term nal seekers. However, |IIR and MMV seekers may have

relatively large acquisition tinmes. For exanple, an uncool ed focal point
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retai ner 30, and an od
assembly 14 with the fins 32 m their pre-deployed 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 assembly 40. The tail 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 tail such as that in the tail assembly 14 is
utilized in order to simplify the roli 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 {o control this
rolt moment. This would result in smaller-than-optimum fins, reducing lift of
the missile, or larger-than-optimum canards, increasing drag and/ar control
complexity. The solution is to make the tail freely rolling, for exampie using
the bearing assembly 40 shown in Fig. 4. The freely-rolling tail largely
obviates the need to provide roil control.

However, a freely-roliing tait will tend to rotate at some small 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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fins 32 circunferentially spaced about the fin retainer 30. The fin
retainer 30 has fin slots 34 corresponding to respective of the fins 32.
The fins 32 may be deployed during flight, using nechanisns such as those
descri bed above wth regard to deploynent of the canards 20. Fig. 2
illustrates the tail assenbly 14 with the fins 32 in their pre-depl oyed
configuration, and Fig. 3 illustrates the fins 32 in their deployed
configuration. A mechanismnay be provided for locking the fins 32 into
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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 humber 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,
utitizing 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 24. Therefore, the wobbling generated by notion of the fin retainer
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. Fig. SUselaiginreddsumbeerbtip finsod?2 thy dlkienss o'f%?@@!rﬁﬁ@wfm@e”t (in

arbitrary u nof t he er of fins of the tail.

expect ed, agmgé)é%@%rgacréﬂﬁ@ip% @i'sr%eﬂroh capagieab e argpemple, raealorl ng
nmonent.  Hoseareof tha tah aSE@BENTE (RBWMiAM I Lt mill, be seen
t hat havi ng aq@gdd nunber O]an,gs s‘ucﬁ%a}gjftanaibhée%gégovpbylgl t”}ﬁs rated

in Figs. 1-7aY Qfegieaiardban gecanard sppomf e méssiler itn@hetipenttipgiahtiger

freely-rol |bﬂ9et5@narc§§é(§‘} es. For exanple, a tail having five or seven of
the fins 32 experiences markedly I|ess variation in restoring nonment than

tails havi ng f ouFhe sddl-symreewgiotfied ateigurdtich (ah &dt%‘ﬁm%@r%%‘ﬂﬁ@' e of the
eqU|vaIent due to the ginbal 24 inconpletely

xel e, spear,
renovi ng t h m 'C({'j‘@&FPPgW 8Rout & tabassembly HdesuipedBbovesmayfolfect i on of t he
fhe I owest t%ﬁ%‘? SPla oS Bk ey rM BRI o brRErameIs.fii ng 1 ve
or seven figesfiguraiion mag offes Bicrea e raMgteheldtusreQG@uﬁitﬁ’l’Qﬂfssﬂés Wg fins 32,
produces, | Stn IRl RSB RebdR0! 1), e Tt onal designs having
Soven Tins, o my “have an odd hurber ol o carereehii el T "
addition t & lpw\A Bﬁcﬁ% efficieyt @irsvettitle yl mirfimizing tj‘re nimabeeekenrfachs
needed to generate lift while at the same time reducing possible oscillatory
motion compared to corresponding missiles with even numbers of fins. In
addition to the advantages of providing a more stabie 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 particutar 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 (i.e.,
that is functionally equivalent), even though not structurally equivaient 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 iilustrated embodiments, such feature
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utilizing an odd nunber of fins may advantageously enhance gui dance of the
mssile 10. It will be appreciated that a reduction in oscillatory notion
may enhance the accuracy of readings frominertia nmeasuring units that
measure rotation rate and accel eration, and/or may reduce

control -system generated novenents of the canards 20, thus, for exanple,
reduci ng the anmount of power utilized by the control system 6 Use of an
odd nunber of the fins 32 may allow use of larger fins while stil

enabl i ng coRtdPe 6PMdiehvdiane arampse other éeataredsofdfie Jfivsr @xBORINGsnta t ai |
span of thegga ianeter of a circle swept out by the
fins 32 mayg ggéyggigf?gtr? b%! r?i‘;é &gé@glﬁ%dr%uga%aw SIEE of Rartipigan gppligadion.
tip-to-tip diameter of the canards 20). The odd-symetric fin
configuration (an odd nunber of fins symetrically spaced about a tai
assenbly) descri bed above may offer additional advantages 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 symetry 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 sane tinme reducing possible oscillatory notion
conpared to corresponding mssiles with even nunbers of fins. In addition
to the advantages of providing a nore stable platformfor the seeker 22,
and the ot her possible advantages di scussed above, the mssile 10 with its
odd nunber of the fins 32 nmay have a |l arger range than correspondi ng

m ssiles with even nunbers of fins. Al though the invention has been shown
and described with respect to



a certain preferred enbodi nent or enbodiments, it is obvious that

equi valent alterations and nodifications will occur to others skilled in
the art upon the reading and understanding of this specification and the
annexed dramﬁngs In particular regard to the various functions perforned
by the € gesc i bed el ements (conponents, assenblies, devices,

conposi tl fds © 5 the terms (including a reference to a "neans") used
to describe such elements are intended to correspond, unless otherw se
indicated, to any elenent which perfornms the specified function of the
descri bed & ekgwded migsile compasings functional |y equival ent), even though not
structural ly qﬂﬂkvﬁl £nt to the disclosed structure which perforns the
function in th erein illustrated exenplary enbodi ment or enbodi ments of

the inventi on tail assaadlyt éipledmbith€body; particul ar feature of the invention
may have been described above with respect to only one or nore of several

illustrated &YHSEAR fEiRast P%’heﬂfheetati@ﬁ%,errﬂoims/frs@lycr@mbﬂms aiunif abaut el e
ot her feat ur egoQfinfdit kNQF tl@m%gflggﬂ%ﬁthat fi aFPe%%t%%rtdoq‘%gé %ﬁl a?g'gnbl rotates

advant ageous for~any given or articular applr cati‘on ¢lFafved
is: 1. A QU|de@pnwssﬁhadmnqpﬁnﬁkdgmbﬂaehnmmboayd a tail assenbly coupled to
t he body; wherein | east rt of t nbly is freely rotatable as
a unit about W&%%‘hﬁr%{?ﬁa?ssw@f R A er)?fLﬁ’étaﬁ'P%%lf plgnaihinsh t hat the at

| east part Ofylchen fid: lcﬁ§t§%%f%hé%laés§énbig”ﬂ&ﬁ\@ésqge afdl aygcontrol | ed,

relative to the body; wherein the tail has an odd nunber of
subst ant i al | yWheteantie subsfentiallyhelpesriirshaee ambsmlasﬂy paiplanaf witheart @ii$ ofbsenbl y

includes the fiéa@?par?&dthe tail assembly.

2. The missile of claim 1, wherein the body includes a secker.
3. The missile of claim 2, wherein the seeker includes an imaging infrared (IIR) seeker.

4. The missile of claim 3, wherein the IIR seeker includes an uncooled focal plane

seeker.

5. The missile of claim 2, wherein the seeker includes a millimeter wave radio frequency

(MMW) secker.

6. The missile of claim 2, wherein the seeker has an acquisition time greater than about 1

millisecond.

7. The missile of claim 2, wherein the body also includes a gimbal to which the seeker is

mounted.
8. The missile of claim 1, wherein the tail assembly has five fins.

9. The missile of claim 1, wherein the tail assembly has at least seven fins.



wherein the substantially planar fins are substantially co-planar with an

axis of the at least part of the tail assenbly. 2. The mssile of claiml,
wherein the body includes a seeker. 3. The missile of claim?2, wherein the
seeker includes an imaging infrared (IIR) seeker. 4. The mssile of claim

3, wherein | I R .seeker. includes an yncool.ed focal plan seeker. 5. The
m ssile of ]Q‘Pgrlerﬁ"f?l?WéC?%%ﬂtwr%éﬁ%ﬁm i %gasaatﬁrl‘?qsp?%%é‘ﬁ' wave radio
frequency (MWN seeker. 6. The missile of claim2, wherein the seeker has
an acquisition time greater than about I mllisecond. 7. The missile of
claim2, wheriednissite fodaimal, sohereio thaiBes are geplonable i fighth t he seeker is
nmounted. 8. The mssile of claiml, wherein the tail assenbly has five
fins. 9. The mssile of claiml, wherein the tail assenbly has at |east
seven finsli2. Thelfissilhef alafsill evhefeigtiad fihd arevdigtgiferehtigliyt evdnlasgesbhiouhas at
| east nine figs._ 11. The mssile of claim1l1, wherein the fins are

depl oyabl e i 29 3ilgHtembl®. The missile of claiml1, wherein the fins are
circunferentially evenly spaced around the tail assenbly. 13. The mssile
of claim1, wherein the tail assenbly includes: a base fixedly connected to
the body; &3.flihe mietikiafetaitol,whi ch the fins are connected; and a bearing
assenbl y COUplied‘tﬁEt h.i bas% and, the fin retainer; and wherein the bearing
assenbl y enaBlEL fisdfd APSCRDN ElUdES'y ot ation of the fin retainer relative

to the base. abase fixedly connected to the body:
a fin retainer to which the fins are connected; and
a bearing assembly coupled to the base and the fin retainer; and
wherein the bearing assembly enables substantially free rotation of the fin retainer

relative to the base.

14. The missile of claim 13, wherein the fin retainer has slots therein corresponding to

each of the fins, with the fins within the slots when the fins are in a stowed position.
15. The missile of claim 1, wherein the body includes canards.

16. The missile of claim 15, wherein a canard span of the canards is less than a tail span

of the tail.
17. The missile of claim I, wherein the missile is powered.
18. The missile of claim 1, wherein the missile is an unpowered projectile.

19. An unpowered guidable projectile comprising:
a body, wherein the body includes:
a seeker;
a gimbal to which the seeker is mounted; and
canards; and

a tail assembly coupled to the body;

10



14. The mssile of claim 13, wherein the fin retainer has slots therein
corresponding to each of the fins, with the fins within the slots when the
fins are in a stowed position. 15. The mssile of claim1l, wherein the
body includes canards. 16. The missile of claim15, wherein a canard span

of the canards, is |ess than tail span  of the tail. 17. The m ssile of
claim 1, Mer%%’?{ewéi?ﬁsg Bt @? itke tsdvassambly 18 frephyerofgtatle pe agmitcabguhf pentral

wherein the m ﬁ)%lgitﬁ‘dlhaﬁ aRf dWH@YP@srsﬁg sElEHJt]ﬁagrtlLé leasnC uﬁﬂhb‘fh‘??é’é@érﬁ@g?wag@bl e

projectile conprising: a body, wherein t I a see ;
gi nbal to whi c'hnﬁowrmidemcpstmﬂﬂdm@dweanme bmityar ds; and a tail assenbly
ar t. .of the tail assenbly is

coupled to th bod wher
fregl y rotatab 01615?16 taﬂﬁlﬁe bﬁ%ﬁf‘ %‘gﬁ?% rof 18Si t udi nal axis of the

mssile, suchvliidiéh thda@ ladst baast theasil a@&mbf}einklﬁtiés e FiBsiy rotates
unpower ed and uncontrolled, relative to the body; wherein the tail assembly
has an odd nuwisEeinghe sybsiantiohe planar ﬁmﬁearatsubsé@rgtaﬂwamtpimartwhén aaptis gb el y

includes the fji.ns ¥ substantially planar fins are
substantial ly co Bfgﬁgﬁh\g\}m&l%sgﬁltbg’zl s of the at |least part of the tail

assenbl y. 20 The projectile of claim19, wherein a canard span of the

canards is 3%% t han.a %a ﬁ of the tail 21. A guided mssile
conpri si n (Pﬂ‘iﬂec%é apm ¢l ewb?fﬁvlﬁl??é‘laﬁlc%n Ofﬁlescéé%rélﬁ is less than a tail span

of the tail.

21. A guided missile comprising:

a body, wherein the body includes:

a seeker;

a gimbal to which the seeker is mounted; and

canards; and

a tail assembly coupled to the body, wherein the tail assembly includes:

a base fixedly connected to the body;

a fin retainer to which the fins are connected; and

a bearing assembly coupled to the base and the fin retainer;

wherein at least part of the tail assembly is freely rotatable as a unit about a central
longitudinal axis of the missile, such that the at part of the tail assembly rotates
unpowered and uncontrolled, relative to the body; wherein the tail assembly has an
odd number of fins; and wherein the fins are circumferentially evenly spaced around
the tail;

wherein the fin retainer has slots therein corresponding to each of the fins, with the
fins within the slots when the fins are in a stowed position; and

wherein the at least part of the tail assembly includes the fins and the fin retainer.

22. The projectile of claim 21, wherein a canard span of the canards is less than a tail span

of the tail.

11



a ginbal to which the seeker is nounted; and canards; and a tail assenbly
coupled to the body, wherein the tail assenbly includes: a base fixedly
connected to the body; a fin retainer to which the fins are connected; and
a bearing assenbly coupled to the base and the fin retainer; wherein at

| east part ,of .t he. t is.free rotatable as a unlt about a
central |6 gTIfeLf&fsﬁ ggllsa g? %h&érem %ld‘é arg EIE‘FF“E‘A‘?HWIE‘% -\ béP%chﬁmt‘WQ
tail asseanWhégﬁptes unpower ed and uncontrolled, relative to the body;

wherein the tail assenbly has an odd nunber of fins; and wherein the fins
are circunferentially evenly spaced around the tail; wherein the fin

ot ainer a2 BkoRR0SE S S3LFRREN D SRR HRy kbR

t he at IeasttpanﬁLof the tail assenbly includes the fins and the fin
retainer. 22. The projectile of claim?21l, wherein a canard span of the

canards is less than a tail span of the tail. 11 23. The nissile of claim
19, mhere|@5ﬁﬁelﬁ; I [0 il.

20, The mi 25i e 5P AL AL NHCREE DG Rt P e BAPEE B R IR bR
spaced ar oundin retugnerai | . 25. The mssile of claim 24, mhereln the at | east

part of the tail assenbly also includes the fin retainer. 12
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