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RANGE LI M TED PROTEETI LE EE U ﬁp gﬁg_%ment ha‘s’&-g/lé%é%/g-sﬁ‘p
license in this i nvent i on®AN®E ¢ _ %ﬁhP HEFF P ed circunstances to ,
5 require the patent owner to |license others on reasonabl e ternms as
provided for by the ternms of DAAAZI - 90- C- 0096 awar ded by the
Departnent of the A& . This invention relates to a_new and

i mpr oved traini H‘é Brdj var@meRht has 2 PHdsys: direRed Iuiddes 10
limted trajectory characteristic. More particularly, radi al ly

di stributed flafP¥ephieRanhdhgnsdghefinkigkides eircumstanaegitioi ty at a
predeterm ned range, thereby reducing the overall flight path of the
projectile.5 require the PatRatenwnéimxerliteds?, sthefBuin aredsodabiboses a
15 spinning shotgun projectile with grooves to streanline t he

proj ectil e bodyetrimer abypxiecidessifog by rtheiextrano€ DAAAZI-90-C-0096

awarded by the Department of the Army.
This invention relates to a new and improved
training projectile that has a predetermined range
10 1limited trajectory characteristic. More particularly,
radially distributed flats induce the onset of gyroscopic
instability at a predetermined range, therebf reducing
the overall flight path of the projectile. {
U.S. Patent Number 4,063,511 (Bullard) discloses a
15 spinning shotgun projectile with grooves to streamline
the projectile body thereby decreasing air resistance
during flight.
U.S. Patent Number 4,520,972 (Diesinger et al.)
discloses a spin-stabilized training projectiie, which
20 changes its axial stability by operation of a stabilizer
mounted at the rear end of the projectile.
U.S. Patent Number 4,708,065 (Schilling et al.)
discloses a training projectile with an annular recess

around its circumference but does not use roll damping to

25 truncate the normal trajectory of the projectile.




during flight. U S. Patent Nunber 4,520,972 (D esinger et al.)
di scl oses a spin-stabilized training projectile, which 20 changes its

axi al st abi by operation of a stabilizer nount ed end
of the proj ‘é’&%flé%" U S. Patent Nunber 4, 708,0658%%@%?8(1?%
al.) di scl osed1.&.t PatemtnNymbejredt Bbe, 602 h(Buckdand) adisclossss a
around its circunference but does not use roll danping to 25 truncate

t he normal trajreict-diayped tieeiring eebitéetile, which has an angay ofat ent
Nunber 4, 905, 602 (Buckl and) di scl oses a spi n-danped training

projectile, wemh-ldaspangafimy mlinted ol pile daizel bg thesprmjeritddeon the
nose of the projectile. Ranges for testing the trajectory of
large caliber 5 auandgekt E6D tafingt tBedt e@iedinaly of aaegefealindad ous
5 ammunition require a great deal of area for obvious
safety reasons. A typical range for a 25-mm projectile
has a length of approximately 14-km because projectiles
of 25-mm typically travel a distance of 12-km. These
distances change depending on the size of the projectile.
10 The larger projectiles require a proportionally larger
area. Many ordnance applications, i.e., target practice
rounds, require projectiles to satisfy two conflicting
objectives: 1) achieve a high performance flat trajectory
to a specified range and 2) abruptly decelerate and
15 thereby not exceed a specified range limit. Conventional
spin stabilized projectiles, due to their pointed
cylindrical shape, are severely limited in the degree to
which they can satisfy these two conflicting
requirements,
20 The problem is that high initial velocities result
in excessively long carry ranges; or alternatively, if
the specified range limitation is met, the initial
trajectory performance is inadequate.
The present invention solves this problem by
25 providing a training projectile with a roll damping

augmentation section that causes the projectile to become



safety reasons. A typical range for a 25-nm projectile h of
appr oxi mat elvofgli%#because projectiles of 25-mm typi capﬁgﬂ'@?éﬁﬁg?} a

di stance of 12-gurostepieally unfitebdmcadtenshdeayedéndi AgPERISIRF LS of t he
projectile. 10 The larger projectiles require a proportionally |arger
area. Many or dndirtanzppl | The¢ i gyrnsdopécalinrgrstahlgctiragectory reARAES
require projectiles to satisfy two conflicting obj ectives: 1) achieve
a hi gh perfor natiee grdojecti bé ettd egin highoyaw spetithezdbyangéducerl tde
abruptly decelerate and 15 thereby not exceed a specified range limt.
Conventional  gistsdice $habprdyestileowelli hESimatiedyt arbhelr poi nt ed

cylindrical shape, are severely limted in the degree to whi ch t hey
can satisfygthese twhiGOnhlbatify relatesCddi AePRMHSotildOthat acHiwvey obl em
is that high initial velocities result i n excessively long carry

:ﬁggfrs]i; ¢ iogl al tef nafdvel¥jebfory to o RBeSREELA i fbdcrRemihby &84t Lbd S Net,
and upon reaching that distance abruptly becomes
gyroscopically unstable. Accordingly, one embodiment is
drawn to a projectile having an ogival nose portion; a

10 posterior portion; and a midportion.

The midportion includes a longitudinally extending
roll damping augmentation section disposed in a recess
and extending outwardly no more than approximately the
depth of the recess. The roll damping augmentation

15 section has flats or flutes defining grooves which
interact with oncoming air causing the projectile to
become gyroscopically unstable at a predetermined range
and continuously gyroscopically unstable thereafter.

Figure 1 shows the range limiting characéeristics of

20 a projectile with augmented roll damping in accordance
with the invention.

Figure 2 shows the range limited projectile having a

substantially conical nose portion and a roll damping

augmentation section having flutes.
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trajectory performance is inadequate. The present invention
Zolvgs this problemby 25 providing a training projectile with a rol

anpi ng augnent ati on section that causes the projecti me
-2- Wog%?flg@f{opi cally unstable after_a trayeling a ,thgypg%%%%@d
di stance. The gyr osTHal3 Fhanst B &angs) diPerss RRAESTIe DD ectil e
to begin high yaw and thereby reduces the | distance_the projectile wll
ul timately trafepstanyially copigal mpset PORtHED AL & 5°§1pﬁi‘i‘)‘f‘£’&é | e that
achi eves a flat trajectory to a specified predeternm ned distance
and upon reachRughentatigns sgattomhayingy fhatsndsich defdnp gERNRS: |y

unstabl e. Accordingly, one enmbodinent is drawn to a RroLectiIe havi ng
an ogi val nose portFbgures 4 shows the range limited projectile having

5 canted flutes.

Figure S shows the range limited projectile having
canted flats.

Figure 6 shows an axial cross-section of the
projectile having a canted role damping section.

10 Figure 7 shows a longitudinal cross-section of the
projectile at 90°.

Figures 8A and 8B show variations in the number of
flutes or flats respectively.

Figure 9 shows the range limited projectile having

15 adjustable canted roll damping flutes.

Figure 10 shows a cross sectional view of the angle
of orientation of the roll damping augmentation flutes or
flats.

Figures 11A and 11B show an example of flute

20 dimensions in a bi-conic configuration.

Figures 12A and 12B show an example of flute
dimensions in a cone-cylinder configuration.

Figure 13 shows the range limited projectile having
a solid roll damping augmentation section.

25 This invention relates to training rounds for which

a range limitation mechanism has no substantial effect on



2 1 ongi {uth néfPWlé%??end?RS * ™ Pl Gampi ng augnent l?.eonm SE%F% ??9%1 Hisea

in a recess eaﬁHaéQFEW i thinwar epgc bl atbrangranbappresd it el y t he
depth of the recess. The roll danping augnentation 15 section has flats
or flutes defi suagaglobbesrange thereaftént @resenting the orwatguiaig causi ng
the projectile to becone gyroscopically unstable at a predeterm ned
range anconndsi finom séycepAingc 0he Codundarisisablf et hé et waifrd igig

Figure 1 shows the range limting characteristics of 20 a projectile with
augnent ed rol | agapi ng i n accordance with the invention.

Figure 2 shows the range limted projectile having a substantially

fCFBIt ggl noss portiomyphdatlyold [HRAREAY projectBUPTBAkaLEIP SeELigHt havi hg
when the gyroscopic stability faqtor, which enables a
projectile to have an aerodynamic stabilized flight
trajectory, is greater than 1.0 and the dynamic stability
factor, which represents the ability of a projectile to
10 maintain a stable trajectory, is between zero and 2.0.

A rotating projectile has a stable flight trajectory

when S5 > 1 where:

Ix? od 2
15 Sq = ( )

2IyCmonPd’ v
V is the velocity of the undisturbed oncoming air
flow; Ix is the axial moment in inertia of the
20 projectile; P is the air density; 4 is the reference

diameter of the projectile; I, is the transverse moment
of inertia of the projectile; o is the angular velocity
about the longitudinal axis of the projectile and Cmo is
the aerodynamic pitching moment slope.
25 Standard ;nternational units may be used gor
consistency.
As d, I, and I, are fixed and P and Cma only vary

slightly for low angle, high velocity trajectories, the
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- 3- Figure 3 shows the range limted projectile having a

substantially conical nose portion and a roll danping augnent ati on
section havin% flats which define grooves. Fi gure $ Qﬁﬁ7@ne
range |inmteWOPPAIMEtile having 5 canted flutes. , Lglre 5 "shows
the range |ini tRadmeiryj 62E49% gPYerRNT Projegiidg gyreecopic stabllifyq,re 6
shows an axi al cross-section of the projectile having a canted role
danpi ng sectioris the ratio ¢f gugularsyelecity sAgFPXeR IV §Ysection of

t he projectile at 90. Fi gures 8A and 8B show variations in

the nunber of (eo/v).

The present invention seeks to achieve a range
5 limited projectile through auémented roll damping which
causes.the spin rate to decay faster than the forward
velocity. In the course of a normal trajectory, the
velocity decay is greater than the spin rate decay thus
the projectile becomes more stable. If the spin damping
10 of the projectile is increased sufficiently for the spin
rate detay to exceed the velocity decay, Sy will decrease
during flight and a projectile, which started off stable
can have instability induced after travelling a critical
distance. It is important that the roll damping
15 mechanism does not increase the projectile drag, nor
introduce extraneous pitching moment changes nor alter
the Magnus moments in a manner that would adversely
affect the capability of the training round to resemble
as closely as possible a combat round that it is intended
20 to simulate. The present training round design does not
interfere with normal operation of full caliber
projectiles on the use of subcaliber projectiles using
sabots.
The instant invention enables a projectile to have a
25 first segment of its trajectory gyroscopically stable and

thus, correlate to a regular cartridge projectile. The



flutes or flats respectively. Figure 9 shows the ran Lot ed
projectile h&mw&& 5 adjustable canted roll danping flut es.’%lg;l?sglylllyglls

Fi gure 10 showsfhightosthagectevhaticd @f shet Reramgiegment off tHej ent ati on of
the roll danping augnentation flutes or flats. Figures 11A
and 11B show antexjeqpicryotcahl he eobrvedi apdskrererded.a Fhecdats
configuration. Fi gures 12A and 12B show an exanple of flute

di mensi ons i n ag&there«y |fratebbsentirgiithiel dirst segment ofFithere 13 shows the
range limted projectile having a solid roll danping augnentation
section. 25  trajddicry Mu§NbeOlsd® !ty @xtir@pblatditlyp teaiestbey whe ch

a range limtation nmechani smhas no substantial effect on
-4- 5 projectile would have if the roll damping augmentation
feature were not present.

The first section of the trajectory has a flight
velocity imparted from a muzzle with a Mach number. The
firing also imparts an angular velocity proportional to

10 the barrel rifling twist angle. As the projectile
proceeds along its flight trajectory, the flight velocity
begins to decrease at a faster rate than the angular
velocity. This decrease necessitates the inventive
augmented roll damping section as shown in Figures 2 and

15 3 to include flutes 120 or flats defining grooves 220 in
the body of the projectile to enhance the moment forces
around the rotational axis of the projectile and hence
decrease the stability of the flight trajectory.
Otherwise, the projectile will have a stable %light

20 trajectory and such a trajectory will increase the
distance the projectile will travel.

A second segment of the trajectory is gyroscopically
unstable due to an increase in the rotational pitching
moment céused by the interface of air and the éugmented

25 roll damping section of the projectile. The gyroscopic

instability causes the projectile to assume high yaw




the trajectory within a specified range, but acts to curtail the range

thereafter, preventing the training rounds from exceedi ng the
boundaries @f the training ar ea. 5 Typi cal |y, rotati
projectile KRB e 11 ght when the gyroscopi c st abi ?F?&}’Sgﬁéygg“r,

whi ch enabl es angles. priheset high tyavhanglas merwidendwigb drapithated fli ght
trajectory, is greater than 1.0 and the dynamic stability factor,

whi ch repr esentisctémseabithiet §istarmceptbeeptoiectile Willmaraval n aormd abl e .
trajectory, is between zero and 2.0. A rotating projectile has a
stable flight pugpesd &y the reddsdedSkenl] damgind&feRtion 100 is to

[err] [err] 2 15 [err] %

Vis the vel ochtYowftHd@edRghStdnhechsQACOA At Ridaliber projectiles,
5 fired from conventional gun barrels; or for the
adaptation of existing sub-caliber projectile/sabot

configurations without the need to modify the

(structurally critical subprojectile aft end/pusher base

interface or the sabot manufacturing and/or molding
10 process.

A rotating projectile used as a training round has a
flight velocity (V) which drops more rapidly than the
angular velocity‘(m)‘ Thus, as the projectile slows
down, the flight pattern becomes more stable. The

15 present invention, by the use of an augmented roll
damping section in the midportion of the projectile,

causes the projectile to experience a moment about its

rotational axis which causes (®/V)?to decrease. This

causes the projectile to become gyroscopically unstable
20 and to begin a high yaw and/or tumbling trajectory.

As shown in Figures 2 and 3, the augmented roll
damping section 100 can have either flutes 120 or flats
defining grooves 220 to interact with the air flow
surrounding the projectile. The design of the roll

25 damping feature, specifically the number of recessed

- 8 -



flow, I[err] is the axial nonment in inertia of the 20 projectile; P

the air densiWQ99¥828% the reference di aneter of the prOJP&yV?%‘]"ﬁl[‘err]
i s the transver ggutese1do or flatsi 220} ismglfe bifietheof batted 420 exr flasst he
angul ar velocity about the |ongitudinal axis of the projectile and
[err] is t BgoaR{ O8l VP tP tbCHhé 0L dHYIRAId i kD P&xis 2nd how dSkgndar d
International units may be used for consi stency. As d,

[err] and [errlndl e1heaehANGPrands G Qe réde¥sed intd el bisa0bs | ow
angl e, high velocity trajectories, prinmary factor governing

projectile gyr O%ﬁgpbfofé@@ﬁlé tﬁetemlﬁ%%tgle whatl BoPhe 319WHy velocity to

forward vel ocity e present Invention seeks to
achi eve a rqggetrajectory path the projectile will become gyroscopically

unstable and begin a high yaw flight trajectory. This
point is known as the "crossover point' because the
projectile is crossing over from a gyroscopically s;able
trajectory to a gyroscopically unstable trajectory. The

10 crossover point is a function of spin rate, which is the
speed the projectile is rotating (angular velocity) and
decay rate, which is how braking forces are affecting a
projectile's trajectory. By adjusting how rapidly the
decay rate increases it is possible to predetermine the

15 crossover point and use that determination to design a
projectile with a desired crossover point.

The flutes 120 and flats 220 can have planar or
twisted and/or curved surfaces thereby causing the air to
have a greater or lesser effect on the trajeétory of the

20 projectile. The cumulative effect of a plurality of
longitudinally elongated flutes 120 ox flats 220,
deflecting air currents, causes the moment forces to
overcome the tendency for the projectile to become more
gyroscopically stable as it decelerates.

25 The flutes 120 or flats 220 are recessed in the

midportion of the projectile 110 such that they do not



5 limted projectile through augnented roll danpi ng which causes the

spin rate to decay faster than the forward “velocity. In the course of
a nor nal tr@&@ l% t he vel ocity decay is greater thapctieesidsiy rate
decay thus e projecti|e becones pore stable fIf thg éﬁgn danping 10
of the projectf¥eend %“PéF%ﬁEb%ius}UPﬁS& EREI 99%% tSHE gﬁ? rate decay to
exceed the velocity decay, S[err] will decrease f ht and a
projectile, whPEPI@tdrdeed The depih ©Ff the E%H'F%\}@ol ﬁ§t gjo?t?"f' t%’i({qﬁ(fuced
after travelling a critical di st ance. i S_inmportant, th the rol
danping 15 nRERERFiMAted¥seaeal |%rté1§s@ePF|}é berd'jhé‘cFFF@SﬁrJa‘b

i ntroduce extraneous pitching moment changes nor alter the Magnus
noments in a nehdeertivm andustowldy desetyleast twiceeas PhghcapdBi® ity of the
training round to resenbl e as closely as possible a conbat round that
it is interBledbodidaxyo laiyer! mteentuihdejgbtest thegi diongotobeeomwresi gn does
not interfere with normal operation of full caliber

submerged in the boundary layer. The boundary layer is
an area that surrounds a moving projectile and exerts
forces on the projectile.
Figure 2 and 3 show air flow along the surface of

10 the projectile while in flight. The flutes 120 or flats
220 extend outwardly from the longitudinal axis 710 to
overcome boundary layer effects and thus the flutes 120
or flats 220 will increase moment forces on the
projectile 10.

i5 Figure 2 shows the projectile 10 with a nose portion
20 which can be hollow and may be made of any resilient
material such as aluminum or steel, a posterior portion
30 and a midportion 110. The midportion 110 has a
recessed roll damping augmentation section 100 which

20 includes flutes 120. Figure 3 shows the projectile 10
with a conical nose portion 20, a posterior portion 30
and the roll damping augmentation section 100 includes
flats 220.

The flutes 120 and flats 220 may define air cavities
25 180, which are filled with on-coming air. The air

cavities 180 may be of virtually any depth, however, a

- 10 -



projectiles se of subcaliber projectiles using _ Pﬁ%ﬁ)@nsl
The i nstant iﬁllr?v%;r}?lszn enables a projectile to have a 25 first segmen‘% of

its trajectory ¢fREs&SpRchk| o st & ©fafile projeqtidse bedyr diaveten s regul ar
cartridge projectile. The - 6-

f1ight charact episftenredovithes 1% sif shgnpnojedtilee body dimmptet dreiman be
observed and recorded. The data gat hered from observing the first
segnment of the most prefjeeectdry may be used to extrapolate the trajectory
the 5 projectile would have if the roll danping augnentation feature

were not present. The flutedh@20id¥d 39ghk@NaDéngd ard NANGGERAYRARS A
flight velocity inparted froma nuzzle with a Mach nunber. The
5 axis 710 of the projectile 10 as shown in Figure 7. The
flutes 120 can be placed at varying degrees in relation
to the axis and can vary in shape.
As shown in Figure 10, roll damping section 100 may
be angled in relation to the longitudinal axis 710. The
10 preferred angle of orientation, y is 90° which maximizes
the exposed surface area of the roll damping section 100
to oncoming air. As the angle of orientation of the
flute or flat is decreased or increased from a 90°
perpendicular angle, roll damping section 100 will have
15 less surface area exposed to oncoming air flow because
the roll damping section 100 will have more surface area
closer to the body of the projectile. The angle of
orientation y also affects the shape of the air cavities
180. The midportion roll damping section 100 increases
20 the spin decay rate and deliberately drives the
projectile 10 into gyroscopic instability at a
predetermined range.
The roll damping augmentation section 100.which
includes the flutes 120 or flats 220 is placed in the
25 midsection 110 of the projectile 10, which is near the

center of gravity, thereby reducing undesired

- 11 -
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firing also inparts an angular velocity proportional to 10 the barrel
rifling twst angle. As the projectile proceeds along its flight

trajectory, wdghhd,oht velocity begi ns to decrease at ?'ﬁfrﬁl%g'ﬁﬁsi@te
t han the angul ar vel ocity. This decrease necessitates_the Inventive

augment ed r ol | PEEHARRGioBEt iBnthe diohs PRRIPAYs 2ThRJroLE darRidg nel ude
flutes 120 or flats defining grooves 220 in . the body of the projectile
to enhance t he*WHEHAtAoncE8ction canobRdthaeentdirg: LERAFR AR st t he
projectile and hence decrease the stability of the flight trajectory.
O herwi se, thePPPipeclie-e A Prefrrnedalengbheld begween2d and g} &t ory and
such a trajectory will increase the di stance the projectile wll
travel . times Aheebody dtaymaner of the projesttidey | Theymamttopical ly
unstabl e due to an increase in the rotational pitching nonent caused
by the inté f apereférmd landthhis augientiads e bodyl ddampten cfatheon of the
projectile. The gyroscopic
projectile.
The projectile 10 as shown in Figures 2 and 3 has an
obturation band 160 to enable the muzzle to impart a spin
on the projectile 10 as it is being discharged.
10 Through variationg in the size, number and/or twist
angles of the roll damping flutes 120 or flats 220, the
projectile's aerodynamic roll damping torques can be
tuned to control the time of onset for the high drag
condition, thereby providing vast improvements in
15 tailoring the respective fast and slow portions of the
trajectory. The deeper the flutes 120 or flats 220 into
the midportion 110, the sooner the projectile 10 will
become gyroscopically unstable. The flutes 120 or flats
220 redirect the air flow around the surface of the
20 projectile 10 because the flutes 120 and flats 220 cause
the aerodynamic forces operating in opposite directions
to produce a moment about the rotational axis, which
decreases the gyroscopic stability and causes the
projectile to being a high yaw and/or tumbling
25 trajectory. As shown in Figures 8A and 8B, the roll

damping section segments 100 can vary. Any number of

- 12 -



instability e projectile to assunme high yaw
W&ﬁﬁz{ PCT/YS98/17514

-7- angl es. These hi gh yaw angl es provide high drag

decreases the d?gggﬁEEFtWﬂ?lﬁrUPégtiIQPWﬂqu'tPaP§Ffe{?ﬁ9 numbegpfose of the
recessed roll danping section 100 is to allow the design to be used in
full caliber pr8peReRtesre befweeqy 4 rand déneanal byatpagsed aousdsther for

t he adapt ati on of existing sub-caliber projectile/sabot

confi gurations Girfenferdnsenefdthe pmafidoritlee (structurally critical
subprojectile aft end/ pusher base interface or the sabot

manuf act uri ng and/ or Aspslibwry inl@igpre€essand 5, the roll damping
5 augmentation section 100 may be canted at an angle B
counter to the flow of air to increase the roll damping
effect. Increasing the canted angle P of the flutes 120
or flats 220 relative to the longitudinal axis 710,
increases the angle at which the air interacts with the
10 roll damping section 100. This facilitates crossover to a
gyroscopically unstable projectile trajectory, which
causes the projectile to have a reduced trajectory.
Values for B can be between zero and thirty degrees from
the longitudinal axis. However, angles between 3 and 5
15 degrees are preferred. BAngles of canting exceeding 15
degrees cause instability early in the flight trajectory.
As shown in Figure 9, the roll damping augmentation
flutes 120, may also be adjusted by the user so that the
angle of canting may be varied in the field. The angle
20 of canting B at which the recessed flutes 120 are

attached to the posterior portion 30 may be altered by
having a plurality of connection slots 140 in the

posterior portion 30. Once the individual user selects a

desired deflection angle of canting B, each of the flutes

- 13 -
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A rotating projectile used as a training round has a flight velocity
(V) which drops nore rapidly than the angul ar velocity ([err]). Thus,

as the projectile slows down, the flight pattern beco bl e.
The 15 pr&QWB¥vention, by the use of an augmented rol ﬁéngﬁbﬁ%fng

section in theiendpat thomfdixeletprojenredsponding «lanrsa40t hé phej ectile to
experience a nonent about its rotational axis which causes [err]
decrease. Thi s postertatiseactiiba poojectile to beconme gyroscopically unstable
20 and to begin a high yaw and/or tunbling trajectory. As shown

in Figures 2 and 3, rigeralgBhdw@dahOhkial crodanpesgiaeaii aheltdpady have
either flutes 120 or flats defining grooves 220 to interact wth the

air flow PHHEQUAN 1 a8 Bhe] 8611 |mpig d8sith afoot B8 ERightBp
danping featuré, specifically the nunber of recessed
5 canted. This depicts the relative depth of the roll
damping‘section 100. The roll damping section is
sufficiently recessed to overcome boundary layer momentum
forces.
Figure 7 shows a longitudinal cross-section of the
10 range limited projectile at 90°.
Fiéure 8 shows that the range limited projectile can
have various numbers of roll damping means.
Figure 13 shows the roll damping section 100 may be
solid. The flats 220 define grooves, which provide an
15 interface with oncoming air thereby increasing the roll
damping on the projectile 10. This embodiment does not

include an air cavity..

Example 1

20 Figure 1 graphically illustrates comparative
performance characteristics for a conventional spin
stabilized projectile and a projectile with augmented
roll damping. Reference line 12 shows the trajectory of
a projectile without augmented roll damping. Reference

25 1line 14 shows the trajectory of the projectile of the

instant invention with the augmented roll damping

- 14 -
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trajectory. The_ 10 crossover point is a function of spin rate, which is

t he speed LR8SpEMARENN AsraBIatrefdpqtdrguPhr3del odity®) and decay
rate, which is how braking forces are affecting a projectile's
trajectory. By diffistémee Howmaxpndiytrdawel rangdecaly betispartansswhent s
possible to predetermne the 15 crossover point and use that

determ nati on t eoesderiray the physjiesl iliemiwathons defiexedttnes seatnipgi nt .

and test ranges. The distance traveled by a projectile
is a function of the mass of the projectile. The larger
the mass, the greater the distance of its trajectory.

10 However, the inventive roll damping augmentation will
proportionally reduce the distance any projectile
travels. Thus, the instant roll damping features will

apply to any size projectile.

15 Example 2
Figures 11A, 11B, 12A and 12B show examples of

dimensions of flutes 120. The dimensions are expressed
as a percentage of projectile body diameter and thus are
applicable to any projectile. Figures 11A and 11B show a

20 Dbi-conic projectile with flutes 120 having a depth from
the surface of the projectile toward the longitudinal
axis of 3.5% of the body diameter. Figures 12A and 12B
show a cone-cylinder projectile where the flute depth is
5.7% of the body diameter for a cone-cylinder ’

25 configuration. In both the bi-conic and cone-cylinder

- 15 -




The flutes 120 and flats 220 can have pl anar or tw sted and/ or curved
surfaces thereby causing the air to have a greater or |esser effect

on the traj %95,%29; the 20 projectile. The cunulative efPfgtq@ 5
sygste

plurality of . longitudinally elongated flutes 120 or flat: 4
defl ecting ai r ceRfipHatiopguskhe tipngtbnefit therrad demping segkiemmes t he
tendency for the gro'ectile to becone nore gyroscopically stable as
it decel erates133®3f the bpAy dianeteri20 or flats 220 are recessed in the
m dportion of the projectile 110 such that they do not
- 9- ext Ehel euisstcaitindet \gwase hhighyiafals .98r bacehef bodye
projectile. The depth of the flutes 120 or flats 220 is
diameter provided four times the roll damping of a bi-
5 conic groove height of 3.5% of the body diameter.
A preferred embodiment of the invention utilizes
recessed flutes 120 having a flat vertical surface
extending outward from the longitudinal axis. This
configuration increases the effective surface area of the
10 flutes 120. The flutes 120 have a length to height ratio
of 15:1. A tungsten cylinder as the midportion 110
allows tailoring of gyroscopic stability to ensure cross-
over and range truncation regardless of the ambient air
temperature. The crogsover rate will be unaffected in
15 muzzle temperatures ranging from +150°C to -60°C when a
tungsten cylinder is utilized. The flutes 120 or flats
220 may be molded into the tungsten cylinder or may be
carved into the tungsten cylinder.
While preferred embodiments of the present invention
20 have been illustrated in detail, it should be apparent
that modifications and adaptations to those embodiments
may occur to one skilled in the art without departing

from the scope of the present invention as set forth in

the following claims.

- 16 -



appr oxi matel‘x' equal to the depth of tt"l,l%mﬂﬁﬂu lﬂut,UHl t|on and
shoul d be atWP&&432 8?vm ce as high as t ayer Eﬁﬂ"ﬁb‘t ght
so they do not wBMIOITE @ ged in the boundary |ayer. The boundary

| ayer is an area that surrounds a noving projectile and exerts

forces on the projectile. Figure 2 and 3 show air flow along the
surface of 10 the projectile while in flight. The flutes 120 or flats

220 extetnd outyardly di3@cthge! P tdllglrg@lteﬂgédw to over comnme
boundary | ayer effects and thus the flutes 120 or flats 220 wil |

I ncrease nonent forces o Jpeoq_tt! Figure 2 shows
the projectile 10 with a%?@lﬁétt?‘%@ 158‘ \/\/20 h can be hol I ow and may
be made of any resilient mat er i such @é)al um num or steel, a

1

posterior portion @é’ﬁ&tsrﬁ?ﬁp%?tﬁ’@ﬁ‘ ‘T2 ni dportion 110 has a

r roll I n I
ecessed rol | danping au%f%ﬂ%%%rQQOSETilo &gsposed between said nose

portion and said posterior portion, said projectile
defining an elongated, aerodynamically-shaped body
having an axis of rotation (710);

10 said midportion comprising a longitudinally
extending roll damping augmentation section (100)
disposed in a surface recess thereof, said roll
damping augmentation section extending outwardly no
more than about the depth of said recess, for

15 causing said projectile to become gyroscopically
unstable at a predetermined range and continuously

gyroscopically unstable thereafter.

2. The projectile (10) as described in claim 1
20 characterized in that said nose portion (20) is
substantially conical in shape throughout the axial

dimension thereof.
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20 includes flutes 120. Fi gu ﬂlml E l”llltm!um ectile 10 with a
coni cal nose portion 20, a post and the roll danping
augnent at i orwéggy 100 i ncl ude's | ats 220. pCTRIS8hbsik es
120 and flats defi pe alr cavtles 25 1%0 whch re filled with

on-coming air. 3 -The [4fyProjectile  (ip) a5 Lesarivgs f ¢ r’t ual ly any depth,
however, a d;? of 2.5%to
7.5% of the proj ect i ParBEEGERSthdPeFhRE said ﬁﬁi&fQFWBﬁP%wﬁﬁ$W§3 5P he
projectile body dianeter being nost preferred. The flutes
120 are aligned al of§cthen| epmpmiseenal PLurakitiys of161eroated projectile 10 as

shown in Figure 7 The flutes 120 can be placed at varying degrees in
rel ation to t hduatppoaed flarvesar§2Ph Hmagrdd body and extending

S longitudinally between said nose portion (20) and
said posterior portion {(30) wherein the flutes
extend outwardly no more than about the depth of

said recess in said midportion (110).

10 4. The projectile (10) as described in claim 3
characterized in that the number of flutes (120) is

between 4 and 12.

5. The projectile (10) of claim 3 characterized in that
15 the projectile has a series of slots (140) of
sufficient size for receiving a terminal portion of

an associated flute (120).

6. The projectile (10) as described in claim 3
20 characterized in that the flutes (120) extend
radially outward perpendicular to the axis of

rotation (710).

7. The projectile (10) of claim 1 characterized in that

25 the roll damping section (100) is canted relative to

-
-
- —
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As shown in Figure 10, roll darrpl ng section 100 may
relation to ME8Hitudinal axis 710. The 10 preferred angﬁ’g’qjélfs%/ll%u

orientation, [err] ish80lexgitudinah amksni?ey in thehdiespoiad ofurface area

of the roll damping section 100 to onconming air. As the angle of
orientation of the oncohimngeiar. flat is decreased or increased froma

90[ err] per pendi cul ar angle, roll danping section 100 wll have 15

| ess surface ar@a expheepréfediQei(ng) aas démwibedatineclaim 1he roll

danpi ng section 100 wi Il have nore surface area cl oser to the body of
the projectile. ciiﬁ%aéﬂsi—fzé& in tha®l tRatAI0Rapiny séS0ic f@obs ibe shape
of the air caV|t|es 80. The m dportion roll danping section 100

| ncreases thenRREN, ée&@ugateeb@gafgﬁlaﬂwtatsel ¥nd'd* @3 chNehe

projectile 1 i Nt O gyroscopicinsta Ity at a pr edet er mi ned range.

The'rol | darpi ng QuGmealal] aseqiha) A% dlhece ion! 8 4B AELUT 05

9. The projectile (10) as deécfibed in claim 1

characterized in that said roll damping augmentation

10 section (100) comprises a plurality of juxtaposed
flats (220) defining grooves (180) formed in the
body and extending longitudinally between the nose
portion (20) and the posterior portion (30), said
flats extending outwardly approximately no higher

15 than the depth of the recess in the midportion

(110).

10. The projectile (10) as described in claim 9

characterized in that the number of flats (220) is

20 between 4 and 12.

11. The projectile (10) as described in claim 10
characterized in that the flats (220) are spaced
equi-distant around the circumference of the

25 projectile.

— -—
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aravi ty. thereby reduci ng. undiesi r ecl NN JBMMES oat - ons 0 che 17 gnt
trajectory. ‘gat;ygﬁlsjb danpi ng augnment ati bn section can qf@%ﬁ[fél' re

| ength of th rojectile. 'Feferred length is bet weerf

times the body - anﬁ'thér Pé?l?wlm dﬂ@ét?ﬁsedesl% in ctafpeferred length is
1.33 tinmes the body dianeter of the projectile. The
projectile 10 as sheharrateripeddthatl thedength of thetxeldt idempbaagd 160
to enable the nuzzle to inpart a spin on the projectile 10 as it is
bei ng di scharged. Bogmentatign ;sgitivar (100ors up the2sd Aeimesutdber and/ or
tw st angles of the roll danping flutes 120 or flats 220, the

projectile's aerodyhedycdiahétedaryfi nfet projstiden bad defines a
5 plurality of air cavities (180) each having a depth
of between 3% and 7% of the body diameter of the

projectile.

13. The projectile (10) as described in claim 1
10 characterized in that said roll damping augmentation
section (100) contains the center of gravity of said

projectile.

14. The projectile {10) as described in claim 1
is5 characterized in that an obturation band (160) is
disposed between said roll damping augmentation

section (100) and said posterior portion (30).
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tuned to control the time of onset for the hi gh drag condi ti on,

t her eby prowWﬂ?jl:"?%f’st i nprovenents in 15 tailoring the resﬁ&ﬁmwllﬂaﬁt
and sl ow portions.of At beojectile &j1@¢t ehyradierideepey:t he flutes 120 or
flats 220 into the m dportion 110, the sooner the projectile 10 will

becone gyroscopi cal | g beayakd€inglhe bkikess sk a¥ichl d7$0) anda 220 redirect
the air flow around the surface of the 20 projectile 10 because the flutes

120 and flats 220 cayseluding!he aerodynami c forces operating in opposite
di rections to produce a noment about the rotational axis, which

decreases the gyroscopi ¢ shaBhlydy R4 sauessntfit),  projectile to being
a high yaw and/or tunbling 25 trajectory own in Figures 8A and SB

Ehizr?ll 5 danpi ng secglggséggﬂgp %c%ggncggoyagxuiAmy nunber of
a roll damping section (100) disposed
therebetween;
said body having aerodynamically shaped outer
surface and rotating about the axis of rotation
10 during an initial ‘and gyroscopically stable portion
of a trajectory of said body;
said roll damping section comprising:
a plurality of circumferentially disposed
aerodynamic surfaces (120, 220) individually
15 configured to create sufficient aerodynamic
perturbations on said body following said initial
portion of said trajectory, thereby decreasing the
gyroscopic stability of said projectile during a
subsequent portion of said trajectory; |
20 said surfaces (120, 220) defining a plurality
of air cavities (180);
said surfaces (120, 220) having a length of up

to two times the body diameter of the projectile and

a depth from the surface of between about 3.5 and

L ——
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segnent s woul JUBAR27 However, a preferred nunber of segnﬁﬁ?@saﬁ’é““

between 4 and 12 equally spaced around the circunference of the
projectile. As shown in Figures 4 and 5, the roll danping 5
augnent ati on section 100 may be ca#NﬁkQﬁ

A D@%ﬁ@ﬁ?le ;err] counter to
the flow of air to i nckga'g@)?yﬁﬁlmwowwﬁ arch 8999 £22:03.99)cr easi ng t he
canted angle [err] of Yrigalclaisd=l4 amended; originglclaim Licancelied (4regealli ve to t he

| ongi tudi nal axis 710, i ncreases the angle at which the air interacts

with the 0 roll danpi ection 100, This facjlitates crosso to a
gyroscopi catly ,ng?égFﬁggpgﬁg&?FaepFPQFEE%SFy?EQLiﬁﬁarac 35%ﬁ§§§6¥he
projectile to have a reduced trajectorgu Val ues for [err] can be

bet ween zero and t hi AyogéyrdeBofpoRPrtiont Ka0) ngitudi nal axis. However,
angl es between 3 and 5 15 degrees are preferred. Angles of canting

exceedi ng 15 degr pesteader postabnl i(B@)eaahg in the flight trajectory.

a midportion (110) disposed between said nose
5 portion and said posterior portion, said projectile
defining an elongated, aerodynamically-shaped body having
an axis of rotation (710);
said midportion comprising a longitudinally
extending roll damping augmentation section (100)

10 disposed in a circumferential surface recess thereof,
said roll damping augmentation section (100) comprising a
plurality of members which extend outwardly no more than
about the depth of said recess and at least twice as high
as the projectile boundary layer momentum height, for

15 causing said projectile (10) to become gyrgscopically
unstable at a predetermined range and continuously

gyroscopically unstable thereafter.

2. The spin-stabilized projectile (10) as described in claim
1 characterized in that said nose portion (20) is
substantially conical in shape throughout the axial dimension

thereof.
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As shown in Figure 9, the rolJﬂHﬂ I Hﬁrﬁﬂwatlon . flutes 120, nay
al so be adj ugbeghiy7 t he user angl e of canti PgTrUsys/DBs14
varied in the field. The angle of cantlng [err] at which the recessed

flutes 120 are attached to the posteri or portlon 30 may be altered by
having a pluralit o n_slots_140 in psterior _portion
50, Oncd © he ThRaRbiguat idized pEpdeatile (dabi e canePiReRonRarErihof
canting [err], each of the flutes - 13-
120 canlbeharrickedirzeda igothaspsaddn godlodampingf auguentatipnssest den
portion 30. Figure 6 shows an axial cross-section of the m dbody

members comprise a plurality of elongated juxtaposed flutes

(120) ip said body and extending 1ongitudinélly between said
5 nose portion (20) and said posterior portion (30) wherein the

flutes extend outwardly no more than about the depth of said

recess in said midportion (110).

4. The spin-stabilized projectile (10) as described in claim
3 characterized in that the number of flutes (120) is between

4 and 12.

5. The spin-stabilized projectile (10) of claim 3
characterized in that the projectile has a series of slots
(140) of sufficient size for receiving a terminal portion of

an assocliated flute (120).

6. The spin-stabilized projectile (10) as described in claim
3 characterized in that the flutes (120) extend radially

outward perpendicular to the axis of rotation (710).

7. The spin-stabilized projectile (10) of claim 1
characterized in that the roll damping section members are
canted relative to the longitudinal axis (710) in the

direction of oncoming air.

-23-
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porcton 110 VBRI ol copppni i < Sl 1y 5 RS

depicts the relative depth o anpi ng section 100. The rol

danpi ng section is suffi i ehtly rMecéssed to overcone boundary | ayer
monment um forces. Figure 7 shows a | ongitudinal cross-section
of the 10 range limted projectile at 90[err]. Figure 8 shows
that thegranggyle @ﬁﬁﬂ-éﬁa&tﬂ%‘@éé@ ectlléqvl%)valrg WS AP S r0fc1rz6
danplng neans. Figure 13 shows the roll danping section 100 rmay
0 The f.l 2 e \Y% |d 5
mterfacg m &'fcgrﬁzaggds %}qtlh re‘{ohe %\ogﬁe%mﬁqﬁgﬁe roq'l\é et ér]#plarlfg on the
projectile 10. This enbodi nent does no yde an air cavity.

Exanpl e fang@d at aqﬁ%ﬂﬂl?:@%ﬁﬂﬂﬁﬂ(QQQRquI @?@rétegrEBnﬁaﬁat|ve

longitudinal axis (710) in the direction of oncoming air.

9. The spin-stabilized projectile (10) as described in claim
1 characterized in that said roll damping augmentation section
members comprise a plurality of juxtaposed flats (220)
defining grooves (180) formed in the body and extending

5 longitudinally between the nose portion (20) and the posterior
portion (30), saild flats extending outwardly approximately no

higher than the depth of the recess in the midportion (110).
10. The spin-stabilized projectile (10) as described in claim
9 characterized in that the number of flats (220) is between 4
and 12.

11. The spin-stabilized projectile (10) as described in claim

10 characterized in that the flats (220) are spaced equi-

distant around the circumference of the projectile.

24
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perf@rnance characteristics_for a conventional spin stabilized

projectile andommsnjectile " roll danpi ngcTRShBIBICE

linegl2 shows the traj ect orymﬂmuﬁ@l@ ctile without augnmented roll
nﬂ?ng Ref er ence i ne Jectory of the projectile of

the I nst ant inventlon wi th the augnented roll danping

- 14 - feature. The projectile w thout the range Iiniting

feature greference line 12) _travels up to_12-

proj ecti A8 mnFﬁetﬁelpaﬁ&ébPF%FﬁﬁnBrPéﬁFEFéetKﬁngés descré%§dth%n°%a&m1 a

range reduction of 33% This 5 difference in maxi numtravel range can be

i nport anf. whemacterizedsiinethay the prpgkbabf| thetzeldbndawmpinvgi sting

traini ng and test ranges. The distance traveled by a projectile

augmentation section (100) is up to 2.0 times the body

diameter of the projectile, and defines a plurality of air
5 cavities (180) each having a depth of between 3% and 7% of the

body diameter of the projectile.

13. The spin-stabilized projectile (10) as described in claim
1 characterized in that said roll damping augmentation section

(100) is disposed at the center of gravity of said projectile.
14. The spin-stabilized projectile (10) as described in claim
1 characterized in that an obturation band (160) is disposed

between said roll damping augmentation section (100) and said

posterior portion (30).

-25-
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Is a function of the mass of the projectile. The |arger the mass, the
greater the distance of its trajectory. 10 However, the inventive rol

danpi ng augnentatlon wil | proportionally reduce the di A
projectile WO91338ye|s. Thus, the instant roll danping fea u?@?‘s ﬁﬁ/
apply to any size projectile. 15 Exanpl e 2
Fi gures 11A, 11B, 12A and 12B show exanplj¢g of di mensi ons of flutes
120. The di nensions are expressed as a percentage of projectile body
di aneter and thus are applicable to any projectile. Figures 11A and
11B show a 20 bi-conic projectile with flutes 120 having a depth from
the surface of the projectile toward the | ongitudi nal axi s of 3.5% of
t he body dianeter. Figures 12A and 12B show a cone-cyEgnder projectile
where the flute deTh is B 7% of the hnrly di cone- Cy| i nder
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configuragtli In both the b| coni c and cone-cylinder
15 - wogwlsagnflguratlons the length of the roll darrpplcﬁréuss?g/é S|1‘(‘)n S
133% of the body dianeter. The cone-cylinder groove hei ght of
5. 7% of the body di aneter provided Pgug tines the roll danping of a
bi - 5 conic groove height of 3.5% of the body dianeter. A
preferred enbodi nent of the invention utilizes recessed flutes 120
having a flat vertical surface extendi ng outward fromthe | ongitudinal
axis. This configuration increases the effective surface area of the
10 flutes 120. The flutes 120 have a length to height ratio ] of 15:1. A

tungsten cyli nderwasl t?ﬁ m dpigrot i-&b 11(‘)[]]0 _Q

FIG. 2

5 ) (/ 20
160- 180 100

FIG. 3
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allows tailoring of gyroscopic stability to ensure cross- over and
range truncation regardl ess of the anbient air’ tenperature. The
crossover 999)(%;[8]7 be unaffected in 15 nuzzle tenperatureﬁc-f,gggy,ﬁgmfrom
+150[err]C to err] C when a tungsten cylinder is utilized. The
flutes 120 or flats 220 may be nolded into the tungsten cylinder or
may be carved into the tungsten cyBiﬂder. Wi le preferred
enbodi ments of the present invention 20 have been illustrated in detail,
it should be apparent that nodifications and adaptations to those
enbodi nent s may occur to one skilled in the art w thout departing
fromthe scope of the present invention as set forth in the foll ow ng
cl ai ns. - 16 - 10

w 160 120 f'l]O
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1. A spin- Swlﬂbiﬁd projectile (10) characterized by: PCT/US98/17514 AN

ogi val nose portion (20); a posterior portion (30); and

a mdportion (110) disposed between said nose 5 portion and said
posterior portion, said projectile 4/8 defining an el ongat ed,

aer odynam cal | y- shaped body havi ng an axis of rotation (710);
said mdportion conprising a longitudinally ext endi ng rol
danpi ng augnentation section (100) 10 di sposed in a circunferenti al

surface recess thereof,

I
-
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said roll danping augnentation section (100) conprising a

plurality of nmenbers which extend outwardly no nore than about
t he depth ofyosd}ishgrecess and at | east twi ce as high pPCT/889811P 814
projectile boundary |ayer nmonmentum hei ght, for 15 causing said
projectile (10) to becone gyroscopically unstable at a
predet erm ned range and continuously 5/8 gyroscopi cal ly unstabl e
t hereafter. 2. The apin-stabilized projectile (10) as described in
claim 1 characterized in that said nose portion (20) is
substantially conical in shape throughout the axial dinension t her eof .
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3. The spin-gstabilized projectile (10) as described in claim

characteri zed QW ¥t said roll danpi ng augnentati on section Pér‘%’e“r%%’r”ss14 .
conprise a plurality of elongated juxtaposed flutes (120) in said body and
extending longitudinally between said n@g® portion (20) and said posterior
portion (30) wherein the flutes extend outwardly no nore than about the
depth of said recess in said mdportion (110). 4. The spin-stabilized
projectile (10) as described in claim 3 characterized in that the nunber

of flutes (120) is between 4 and 12. 5. The spi n-it abilized projectile
(10) of claim3 characterized in that the proj ectileﬁas a series of slots
(140) of suffici&?t size folgQec '\1'8@ a termnal portion of

il

g ~

710
30) 1407 B ™20 20

FIG. 9
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an associated flute (120). 6. The spin-stabilized projectile (10) as
described in claim 3 characterized in that the flutes (120) extend

radial |y owvowgrts2grer pendicular to the axis of rotation (71@crmwsesrsidhe
spin-stabilized projectile (10) of claiml1l characterized in that the roll
danpi ng section nmenbers are canted relative to the |ongitudinal axis (710)
in the direction of oncomng air. 7/8 18

Z‘/‘/7777\7_‘z FIG.11A
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8. The spin-stabilized projectile (10) as described in claim 7
characterized in that the roll danping section nenbers are t an
angl e bet we¥P 3287 3[err] and 5 fromthe | ongi t udi nal a%cg?@&/g%lgn
the direction of oncoming air. 9. The spin-stabilized projectile
(10) as described in claim 1 characgerg zed in that said roll danping
augnent ati on section menbers conprise a plurality of juxtaposed flats
(220) defining grooves (180) fornmed in the body and extending 5

| ongi tudi nally between the nose portion (20) and the posterior portion
(30), said flats extending outwardly approxi mately no hi gher than the
depth of the recess in the mdportion (110). 10. The spin-stabilized
projectile (10) as described in claim 9 characterized in that the
nunber of flats (220) is between 4 and 12.

(30 230 [no 10
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11. The spin-stabifized projéctile (10) as described in clain{.ﬂwmiaw— '
characterized in that the fl aﬂﬂmﬂﬁﬂnlﬂnﬂ"fﬁ)ﬂ ed equi - di stant around
the circiff & 8hcet?f® t heBpr oj &I Lo '1 ?@Tas%yd//,ﬁgn) /0003
19 12. The spin-stabilized prgjettile (10 ribed in

S P ’ O 558 "5 9" somle 19

claim

WEAT IS8 CLAIMED IS:

1. A spin-stabilized projectile (10) characterized by:
an ogival neose portion (20);
a posterior portion (30); and
a midportion (110) disp&séd between said nose
5 portion and said posterior portion, said projectile
defining an elongated, aerodynamically-shaped bedy having
an axis of rotation (710);
said midportion comprising a leongitudinally
extending roll damping augmentation section (100)
10 disposed in a circumferential surface recess thereof,
said roll damping augmentation section (100) comprising a
plurality of memberg which extend outwardly no more than
about the depth of said recess and at least twice as high
_; as the projectile boundary layer momentum height, for
| 15 causing said projectile (10) to become gyroscopically
unstable at a predetermined range and contifuously

gyroscopically unstable thereafter.
2. The spin-stabilized projectile (10) ae described in claim
1 characterized in that said nose portion (20) is

substantially conical in shape throughout the axial dimension

thereof.
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1 characterized in that the I  roll danping augpg ' —,
section (100) is up to 2.0 ti [f/ T:h\anceter of the ﬁmm/gnﬁ/y
defines a plurality of air cdvi ch having a depth of between

3% and 7% of the body diameter of Y he tile. 1gpnaelion
spin-stabilized projectile (10) as descri be‘d in claim m& «Qr‘m! z'AégRl AQQQ
that said roll danping augmentation section (100) is disposed at t he

| h I I
?ig; e;sojdeggr té.:p‘lfn %@hﬁxﬁ&%é&ﬁ%#%&ctnel 101 sﬁapggﬁﬂgga 144 u?J ectile

I"ai m ura |on and
(160) 1 5 dyshasqd cbetuaen.sal daLohl ST A%:349 Tihah 20155 B AL 400 and
members comprise a plurality of elongated juxtaposed flutes
(120) in said body and extending longitudinally between said
§ nose portion (20) and said posterior portion (30) wherein the

flutes extend outwardly no more than about the depth of said

recegs in said midportion (110). ?

4. The spin-stabilized projectile (10) as described in claim
3 characterized in that the number of flutes (120) is between

4 and 12.

5. The spin-stabilized projectile (10) of claim 3
characterized in that the projectile has a series of slots
(140) of sufficient size for receiving a terminal portion of

-+ an associated flute (120).

6. The spin-stabilized projectile (10) as described in claim
3 characterized in that the flutes (120) extend radially

outward perpendicular to the axis of rotation (710).

7. The spin-stabilized projectile (10) of claim 1
characterized in that the roll damping section members are
canted relative to the longitudinal axis (710) in the

direction of oncoming air.
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20 15. A projectile (10) characterized by: 07 [/Sﬁdf/ oI
havi ng an axi s—of- rotatlon“(71“hpand i ncl udi ng: // /b /s/

2ot G no- SUPMOIIMRAM osce = """ “TRERIUS D1 RFR 1999

8. The spin-stabilized projectile (10) as described in claim
7 characterized in that the roll damping section members are
canted at an angle between about 3° and 5° from the

longitudinal axis (710} in the direction of oncoming air.

9. The spin-stabilized projectile (10) as described in claim
1 characterized in that said roll damping augmentation section
members comprise a plurality of juxtaposed flats (220)
defining grooves (180) formed in the body and extending

S longitudinally between the nose portion (20) and the posterior
portion (30), said flats extending outwardly approximately no

higher than the depth of the recess in the midportion (110).

10. The spin-stabilized projectile (10) as described in claim
9 characterized in that the number of flats (220) is between 4

and 12.
11. The spin-stabilized projectile (10) as described in claim

10 characterized in that the flats (220) are spaced equi-

distant around the circumference of the projectile.

19



t her ebet ween; sai d body having aerodynam cal Ipf Zy(z(ﬁécﬁéfu‘[’ép /Y
surface. and_LQLaLLng—abeut-%he axis of rotation during an |n|t|al

and- gyr oscopi( “ﬂg! ﬁ mm“plr?; g of a traj Mmﬁ 84 ?pﬂdwv

said roll darn
circunferenti aerodynamc surfaces (120, 220)

i ndividually 15 conf lgured to create sufficient aerodynamc
perturbations on said body follow ng said initial portion of said
trajectory, ther eby decreasing the gyroscopic stability of sai d

projectil

sai d surfdces ’{hfg(fplfzﬁ)taﬁ’&#?ﬁ?ﬁgg’ggﬁ por ognagf dggcr%#eij eﬁ: g:{/%/jt | es
fo tuo t I mEbARESEIPe 4ot rfﬁgﬁéhéem ¥ e zaad dampisg” O P
augmentation section (100) is up to 2.0 times the body
diameter of the projectile, and defines a plurality of air
5 cavities (180) each having a depth of between 3% and 7% of the

body diameter of the projectile.

13. The spin-stabilized projectile (10) as described in claim
1 characterized in that said roll damping augmentation section

(100) is disposed at the center of gravity of said projectile.

14. The spin-stabilized projectile (10) as described in claim
1 characterized in that an obturation band (160) is disposed
between said roll damping augmentation section (100) and said

-~ posterior portion (30).
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a depth fromthe surface of between about 3.5 and 25
t he body di aneter. 21
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CLAI M5 [received by the Internati onam. E
1999 (22.03.99); original clains 1-1 gﬁ?qbggéﬁﬁéﬁmg

cl aim 15 cancel ed (4 pages)] A spi n-st abl
characteri zed by: ?? ogi val nose port
a posterior portion (30); and 8

i zed projectile (10)
ion (20);

a mdportion (110) disposed

bet ween said nose 5 portion and said posterior portion, said
projectile defining an el ongated, aerodynam cal |l y-shaped body
havi ng an axis of rotation (710);
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said mdportion conprising a longitudinally ext epdi QV ~
danpi ng augnentation section (100) 10 di sposed in ap%i(?gl%ﬁg r‘ynt/i7a-?/y

surface recess thereof, said roll danpi ng aug byl .G~ SeCl + g9
(100) conprising a plurality of nenbers mhichiﬁﬂi Cbﬁtmaﬁ68£1gu
no nore than about the depth of said recess and at |east tw ce
as high as the projectile boundary |ayer nonentum hei ght, for
15 causing said projectile (10) to becone gyroscopically
unstabl e at a predeterm ned range and conti nuously
gyroscopically unstable thereafter. 2. The spin-stabilized
projectile (10) as described in claink 1 characterized in that said
nose portion (20) is subst anti al f&:oni cal in shape throughout the
axi al di nmensi on t her eof .
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-22- 3. The spin-stabilized projectile (1?0 d ' ' aim

1 characterized in that said roll danpi ng augnent a /ﬁs‘é‘??gfﬂ%¢s
conprise a plurality of elongated juxtaposed flutes WA/l i d
extending | ongitudinally between said nose. portion (W%‘d&gﬁ%d’%ggﬁg%
portion (30) wherein the flutes extend outwardly no nore than about the
depth of said recess in said mdportion (110). 4. The spin-stabilized
projectile (10) as described in claim 3 characterized in that the nunber
of flutes (120) is between 4 and 12. 5. The spin-stabilized projectile
(10) of claim3
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30 B *180 ‘100

FIG. 4




characterized in that the projectile has a series of SlOt%Jyggﬁy/Zd-]y
sufficient size for receiving a termnal portion of an asso¢idted flute

(120). 6. The spin-stabilized projectile (10) as W i Gla
characterized in that the flutes (120) extend radially GO i HF?WQQ%
perpendi cular to the axis of rotation (710). 7. The spin-stabilized

projectile (10) of claiml characterized in that the roll danping section

menbers are canted relative to the longitudinal axis (710) in the
direction of oncoming air. -23-
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8i The spin-stabilized projectile (10) as described in c)ﬂzﬂﬂas ?P//7‘57$£

characterized in that the roll danping section nenbers are canted at an

angl e between about 3[err] and 5[ err] fromthe longit ins1(

the direction of oncomng air. 9. The spin-stabili mpﬂl ép(:Rlongg
as described in claim 1 characterized in that said roll danping
augnent ati on section nenbers conprise a plurality of juxtaposed flats

(220) defining grooves (180) forned in the body and extendi ng

| ongi tudi nally between the nose portion (20) and the posterior portion
(30), said flats extending outwardly approximately no higher than the

depth of the recess in the nidportion $480). 10. The spin-stabilized
projectile (10) as described in claim 9 characterized in that the nunber

of flats (220) is between 4
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and 12. 11. The spin-stabilized projectile (10) as descri é/ fcf pr(7j/§f
t

10 characterized in that the flats (220) are spaced equi- dist aroucgdggg
the circunference of the projectile. I
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12. The spin-stabilized projectile (10) as described in cl air/%’f Z/j?f//7é7?
characterized in that the length of the roll danping augnent ati on

section (100) is up to 2.0 tinmes the body di anet er X j £Ct 2,0

and defines a plurality of air 5 cavities (180) each m%@wthfd? 1339
bet ween 3% and 7% of the body di aneter of the projectile. 13. -Fhe’
spin-stabilized projectile (10) as described in claim 1 characterized

in that said roll danping a@g@entati on section (100) is disposed at the
center of gravity of said projectile. 14. The spin-stabilized

projectile (10) as described in claim 1 characterized in that an

obturation band (160) is disposed bet ween said roll danping
augnent ati on secti on%oo-)- nd said posterior portion (30).
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