WO 2011/ 085758PCT/ EP2010/ 007428 1 DESCRI PTI ON Met hod for Correcting
the Trajectory of a Projectile, in Particular of a Term nal
Phase- Gui ded Projectile, and Projectile for Carrying Qut the Method
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beamriding nethod as a nethod for det ectl ng the anmount of deviation
of the projectile. Specifically, term nal phase-guided projectiles
generally nust be altered in their trajectories or nust thenselves be
capable of altering them This | pEscrticihed by neans of actuating
drives that are either aerodynam c or inpul se-generating. The

i nformation for guidance is ascertai ned autononously in the
projectile or by neans of a seeker head or alternatively is forwarded
fromthe ground (beamriding nethod). DE 44 16 210 Al concerns a
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decoded by neans of an addltlonal hol ogr aphi ¢ el ement on the flying
body. The signal generated in this process is then used for
correction. A method and a device for trajectory correction of
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deviation of the projectile.

Specifically, terminal phase-guided projectiles generally must be altered in their
trajectories or must themselves be capable of altering them. This is accomplished by
means of actuating drives that are either aerodynamic or impulse-generating. The
information for guidance is ascertained autonomously in the projectile or by means of a

seeker head or alternatively is forwarded from the ground (beam-riding method).

DE 44 16 210 A1 concerns a method and a device for ascertaining the roll angle
position on the basis of laser light. Here, a phase-coded laser light beam is produced
with the aid of a holographic optical element. This beam is decoded by means of an
additional holographic element on the flying body. The signal generated in this process

is then used for correction.

A method and a device for trajectory correction of projectiles are known from DE 44 16
211 A1. In order to be able to correct both individual projectiles and multiple projectiles

spaced closely together in time that have different deviations, it is proposed to divide a



2 guide beam- laser - into at |east five conponent beans or segnents
that are arranged around a central gui de beam segnent ainmed at the
collision point. In this design, each guide beam segnent is nodul ated

differ RV the aid of the receiving device in th j ile
sai d psgpﬁ%?ﬂﬁ%g?WEn ascertains fromthe nodul ati on of 3ﬁﬁﬁ§@§§ﬁh@E§%§
segnent the angular position with regefrd to the collision point
required for the correction. EP 2 083 243 A2 includes a nethod for

taj nj ng. th | | | i €] f | yi ng body. Th t hod
hor ol n bBlsIRAS iy - B PEle B e et botisdr SeakisnTmiebris yanoes
solid argirRl #tedtrdidpfde BEAMbiidng althe ¢ Bt ﬂqbe:oilisi}tirﬂ?)iﬁpﬂvtﬂi@déggﬁt@&h

This step includes the detection of the laser lig at the flying
body bguiiehaanysegmgst isdnpdatedidifencoint\Wih the eideof dhejeeceivingdedse in be
rotati :Qfe S al I j - er . ttern
at thegr.é?(tét{;%?ﬁaq%ggﬁ{?tg%t 0 %sg}:%ﬁgfg? g{:cﬁ'n gﬁriéjf)hgﬁrﬁj{at“gﬁglf griec %'Fg;%%grreﬁﬁt of

t he i nseameahiheumnguldr| positighevifiosigardto the ddlisidrasoist refjuiree fdddpel er
shift. In this nmethod, the | aser beam pattern is generated by stripes
that m59%eH% the solid angle of the |aser beamwith a predeternined
frequency. EP 2 128 555 describes a nethod for ascertaining the roll

angle position of a rotating projectile or flying body. In this )
met hod EPa21483n¢4D Agrineludas @ metheds fop msgettaining thedell @nglespesiten vég fiyjng
the flyj [ t 1

sensor " oL AekRRaHeckitRe EERErRon of 8 ibYh e Reafifipdtom over
f ocusi agdlid amgfeuoica iaser beatrheithinguiah teying dodyfis tdvatdd. Viihimgstepdycludes

space. A method is,. known from 2009/ 085064 A2 i ich the.

oF oor aff FEeREn. e 8RS ih bRt RPN ogfs FF g tdsahpontdogatpd o
end, the pidej sfchiel &ida$ roptibe Jf BANHOHF Nwill HisChecyiok®s enees [dder Heam
2009 024 508. 1, whi (fh is not a prior publication, concerns a nethod
for coPrlei Al thRerdlevdnt chesiforyrof atheo distectiont BeiRt raNd seseraigmenbof the

ammuni frsPihtarsdfRis! foll SEdiy pBhitin oREthe! IS ok ‘tﬁ%b%ebie?tshﬂﬂ IRTthiS4hBthod, the
projectiles or ammunition in the nedium caliber "W
2011/ OBs7E8PATY RN (0% Qonazged by stripes that move over the solid angle of the laser

beam with a predetermined frequency.

EP 2 128 555 describes a method for asceﬂaining the roll angle position of a rotating
projectile or flying body. In this method, a light beam transmitted from a fixed station is
received by the flying body and focused at the rear of the flying body on a sensor with
the aid of an optical element. In this design, the focusing is a function of the angular
position of the flying body in space.

A method is known from WO 2009/085064 A2 in which the programming is carried out
by the forwarding of light beams. To this end, the projectile has optical sensors on its

circumference.

DE 10 2009 024 508.1, which is not a prior publication, concerns a method for
correcting the trajectory of a round of terminal phase-guided ammunition, specifically

with the projectile imprinting of such projectiles or ammunition in the medium caliber
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in the projectile
then rotates about a central circle, preferably with a fixed rotational frequency. The

projectile detects the second laser after a certain time. This time corresponds to a
position or angle around the central circle. After said projectile detects its geostationary
position in space, at least one pulse drive (if more than one is incorporated, then these
as well) is initiated via a sensor such that said projectile is back on the desired course at

the target, and hence strikes the target.

In order to calculate the correct ignition time in relation to the time of impact, the
projectile detects not only the magnitude of its deviation, but also the correspondingly

earlier or later ignition of the pulse drive(s).



The invention shall be explained in detail using an exenplary
enbodi mrent wth drawi ngs. The draw ngs show. Fig. la basic structure
of a projectile for the nethod, Fig. 2an enbodi nent of the nethod on
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representation variant of the nethod. Fig. 1 shows
or flying body 1 W|th a receiving wndow - that here is rear-nounted
- and a rear sensor 2, a sensor 3, an explosive 4, and a discharge
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the set of beams, the magnitude of the deviation is then ascertained, and the correction
is initiated immediately in the case of a large deviation or correspondingly later in the
case of a relatively small deviation. For the tasks of ascertaining the deviation and
initiating the correction, the projectile has a processor internal to the projectile in which

the relevant delays are preprogrammed or stored.

Alternative codings are known to individuals skilled in the art, so that the pattern of the
laser image does not have to be restricted to stripes, or else could also be evaluated as
line widths. Examples of methods generally known to those skilled in the art also include

time-varying codings, polarizations, or signals modulated onto carrier waves.

This method also finds application in hollow-charge projectiles or the like in addition to
explosive ammunition. In this way, the high penetrating power and high temperature

also make it possible to counter mortar rounds.

In summary, it is thus proposed to guide or rotate a collimated laser beam about the
center of the instantaneous desired course of a projectile in such a manner that the
projectile itself detects its deviation and then carries out a self-correction. To this end, a
first laser beam is transmitted over a specific area around the desired course of the
projectile; this laser beam can simultaneously trigger the start of a time counting. A
second rotating laser beam with a fixed rotational frequency is then placed around the
region, for example simultaneously. Using this second laser beam, the projectile then
detects its deviation relative to the desired course and initiates the correction based on

the ascertained deviation. The magnitude of the ascertained deviation is then used to



7 respect to the projectile 1. The projectile 1 itself is tracked on
its path by at |east one sensor 10 after it |eaves a barrel of a
weapon not shown in detail, and the actual trajectory is continuously
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The use of the nethod is not limted to projectiles or ammunition in
t he medi um cal i ber range; instead, its use is independent of caliber.
WO 2011/ 085758PCT/ EP2010/ 007428 9 Cl ains 1. Method for trajectory

correc ojectile (1), which in particular

phase- 3}8 329085/0@% artlcul ar after the detection of a de&’éa%gﬁb%q/o‘fﬂés
projectile (1) by a sensor (10), in particular on the weapon, with
the steps: triggering of a first | aser beam (11) over a specific
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the prg ggifimbed aser B V2, t @hichSoffiHAI§%s spatially modulated, is transmitted
around the center of the instantaneous desired trajectory in such a manner that the
projectile 1 itself detects its deviation and carries out the correction by initiating the
pulse drive 6. In this process, the collimated beam 12 is sensed by the rear sensor 2.
Fig. 3 shows the projectile 1 in relation to various regions 15 that are formed t;y the
collimafed laser beam 11 in a plane perpendicular to the trajectory of the projectile. If
the projectile is in the central circular path 13 shown in the figure with vertical hatching,
it is on the desired course. In contrast, if the projectile is located outside this region 13,

the trajectory must be corrected.

To this end, in a first step a first laser flash 11 is triggered over a specific region 15, and
can preferably simultaneously trigger the start of a time counting. A laser, preferably a
second laser, then transmits the rotating laser beam 12 starting at the time t=0 with a
fixed rotational frequency Q about the region 15 (direction of arrow) as the region 16.
The projectile 1, which is located in the lower right region 17 in the exemplary
embodiment, detects the second laser beam 12 after a time t=t;. This time corresponds
to a position in space around the central circle (13) at the angle a4. After detecting its
geostationary position in space via the magnetic field sensor 3, the projectile 1 can
initiate the pulse drive 6 so as to be located back on the desired course at the target

(not shown in detail), and hence strikes the target.

In one variant, provision is made to produce a precise and measured correction for
relatively small targets. In the simplest design, this can be achieved through the variable
intensity of the pulse drive 6. Another possibility is that a pulse drive with fixed impulse
output is ignited at different points in time relative to the expected impact point at the

target.



course, initiation of the correction based on the ascertained
deviation. 2. Method according to claim 1, characterized in that the
rotating | aser beam (12) starts at the tinme tz:0, wherein the

pr o] ect‘i,gezao(clé@rsgﬁ?gcts t he second | aser beam (12) after&g#/?%go{o%oﬁzs

3. Metho to claiml or 2, g@aracterized int
correction is initiated earlier or even immedi ately in the case of a
| arge devi ation, whereas it can take place at a later point in tine
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coded. remaining flight time.

To this end, the laser beam 12 is additionally coded. The coding can take place by
means of lines (Fig. 4), points (Fig. 3), or combinations of the two, etc., in the laser

beam 12.

Fig. 4 shows another deviation-dependent position finding. The rotating laser beam 12
is impressed (over deviation) in an asymmetric manner (which is to say that it is
impressed in a varying manner in the radial direction about the desired trajectory, e.g.,
converging in the direction of the outer edge, or — as shown — converging in the
direction of the center) and is divided into bright and dark zones 19, 20 by a grid 18. If
the projectile 1 is located outside of the central core region 13 but in the vicinity, the
projectile 1 senses two to three dark lines, for example, with its rear sensor 2. However,
if the projectile 1 is located in the outer region, more dark lines (for example, five) are
sensed, which is interpreted in the processor 7 as a larger devjation. Thus, in
accordance with the coding, the projectile 1 must initiate the correction sconer or even
immediately in the case of a large deviation, whereas it can take place later in time in
the case of a relatively small deviation. This information is stored in the processor 7, for
example from comparisons of previous identical situations, which is to say that the

relevant delays are correspondingly preprogrammed in the processor 7.

The use of the method is not limited to projectiles or ammunition in the medium-caliber

range; instead, its use is independent of caliber.
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claims 1 through 5, characterized in that the coding can take pl ace
by nmeans of lines (19, 20), points, conbinations of the two, or the

like. cording to one of clainms 1 through 6, ¢ | zed
in tha5”9ﬁ§ﬁ?§$3?§%g | aser beam (12) is inpressed in anlggaﬁﬁébﬁﬂQ%“zs
manner varying in the radial directior about the desired trajectory,
for exanple can be inplenmented as converging in the direction of the
outer edge or converging in the direction of the center (13). 8.
Projectile (1) for carrying out the nmethod according to one of clains
1 through 5, characterized at |east d)¥ingsr €ar sensor (2), an

expl osive (4), a discharge elenent (5) as correction thruster (6),

and a processor (7) for ascertaining the deviation of the projectile
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di'roction oPY e RREHAD: B A Bl B e Wb e lanst 1o (D), 10,
Proj ectil e accor figgerihg oflaafindt Yasef b8ant I asieerd gestifidrdgidt (B vt the
are desired course of the projectile (1), which can simultaneously trigger the
start of a time counting,
- trénsmission of an additional, rotating laser beam (12) with a fixed
rotational frequency (Q) about the region (15),
- detection of the second laser beam (12} by the projectile (1),
- ascertainment of the deviation of the projectile (1) relative to its desired
course,

- initiation of the correction based on the ascertained deviation.

2. Method according to claim 1, characterized in that the rotating laser beam (12)
starts at the time t=0, wherein the projectile (1) detects the second laser beam
(12) after a time t=t;.

3. Method according to claim 1 or 2, characterized in that the correction is initiated
earlier or even immediately in the case of a large deviation, whereas it can take

place at a later point in time in the case of a relatively small deviation.

4. Method according to claim 3, characterized in that delays for the initiation of the

correction as a function of the ascertained deviation are stored in the projectile

(1).

5. Method according to one of the claims 1 through 4, characterized in that the

rotating laser beam (12) is coded.



preprogranmed or stored in the processor (7) by nmeans of which the
correction is initiated at the relevant time as a function of the
magni t ude of the ascertained deviation. [key for figures:] Fig. 3,
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6. Method according to one of claims 1 through 5, characterized in that the coding

10.

can take place by means of lines (19, 20), points, combinations of the two, or the
like.

Method according to one of claims 1 through 6, characterized in that the rotating
laser beam (12) is impressed in an asymmetric manner varying in the radial
direction about the desired frajectory, for example can be implemented as
converging in the direction of the outer edge or converging in the direction of the

center (13).

Projectile (1) for carrying out the method according to one of claims 1 through 5,
characterized at least by a rear sensor (2), an explosive (4), a discharge element
(5) as correction thruster (6), and a processor (7) for ascertaining the deviation of
the projectile (1) from the desired course, wherein the rear sensor (2) can receive

laser beams (11, 12).

Projectile according to claim 8, characterized in that an additional magnetic field
sensor (3) detects both the rotational speed (roll rate) of the projectile (1) and the

direction of the magnetic field relative to the projectile (1).

Projectile according to claim 7 or 8, characterized in that delays are
preprogrammed or stored in the processor (7) by means of which the correction
is initiated at the relevant time as a function of the magnitude of the ascertained

deviation.

[key for figures:]
Fig. 3, Fig. 4:

Geschossposition = Projectile position



