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



the tail assenbly is rotatable relative to the body.
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BRIEF DESCRIPTION OF DRAWINGS

In the annexed drawings, which are not necessarily 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 in a 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-deployed or
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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 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
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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 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 IIR 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.
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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 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 control this
roll 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-rolling tail largely
obviates the need to provide roll control.

However, a freely-rolling tail 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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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.
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of the
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 (i.e.,
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
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di aneter of a circle swept out by the fins 32 may be
greater than a canard span of the mssile 10 (the
tip-to-tip dianeter of the canards 20). The
odd-symetric fin configuration (an odd nunber of fins
symetrically spaced about a tail assenbly) described
above may offer additional advantages beyond those
al ready nentioned. For exanple, the configuration may
of fer 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 sane tine 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 other
possi bl e advant ages 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. Although the invention has been shown and
described wth respect to a certain preferred
enbodi nent or enbodi nents, it is obvious that
equi val ent
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conprising: a y (12); and a tail assenbly
coupled to the body, wherein at | east part of the tai

ahorsi e st & GQuERoRy Sl fid Seti indliess af Meine
infrarey- (IR) sEBRefri ssile of claim1l, wherein the body
i ncludes a seeker (22).

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 claims 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.
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3. The mssile of claim2, wherein the seeker includes

an imaging infrared (IIR) seeker. 4. The mssile of
w@b@snoed75s wherei n the seeker includes a ml|i NMBCEBUS2004/015795

wave radi o frequency (MW seeker. 5. The mssile of

any of clains 2 to 4, wherein the seeker a |ong

sanpling greater than about 1 mllisecond. 6. The

m ssil e of any of cl airrs 2 to 5 wherein the body al so

i ncl ulg)eSTh,e rr%%ioan 4 9to whi ch the seeker is

nmount of any of clains 1 to 6,

wher W%rbhﬁh%'téﬂa@é&nﬁ@ﬂh@lﬁé@ée in flight. 8. The
mssile of any of clains 1 to 7, wherein the fins are
ci r cunf er énpase (@)éveﬂiy;cosmpacf@d tartbebodyhe t ai |

assembl y 9 f claims 1.t

wher ei n theﬁ%gé}?'é‘%?% tstvaa?ﬁf%e 'ng gi9 C%%f)?qu
freely rold bédning @és&inhM%(ll@) ddlﬁbléwﬂythe%éé@ 2RPMHDRLO075
PCT/ US2004/ 015795 10 he mssile of claim9, wherein
the 8iN&588%DbIy includes: a base (42) fixedl y

conn {40 At dy, ' [

Che 1o el tRerng sty Bndikg slbkantdl. e {O%elgy of
theipretdines relativeds theabalsé.he fin retai ner; and wher ei n
the bearing assenbly enabl es substantially free
rotation of the fin retainer relative to the base. 10
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