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. correction of a ballistic trajectory The invention concerns a process as

".set forth in the classifying portion of claimi1. 10 A process of that kind
" i's known from WD 98/01719. It is based on a procedure of using a satellite
navi gati onal apparatus on board the projectile to determ ne the t'(ajFéBtlﬂﬂﬁy
“which is currently being foll owed, and, froma conparison wth
target-optimsed trajectory, when a point lon the traj mem\m is
derived fromthe conparison is reached, releasing 15 br aki ng
devices for correction with the greatest possible degree ofsisarget accuracy
of the subsequent trajectory. Problens arise in terns of practical

i npl enent ati on however by virtue of the fact that the t er nal

i nfluencing factors acting on a trajectory path still ﬂ@mm@'ﬁ‘mmﬂmt rajectory
even after the braking neans are rel eased and therefo rrected
traj ect oFy does not then result in the operative nechani SH¥% t he
projectile being delivered accurately on the target. It is known fromEP O
138 942 Bl to | oRrpeess foqrthettafart-eetatied eomectinmmaia dbllistiddraieckomnyt he cannon
and to determine in the fire control conputer elevation and charge for a
ballistic trajectory path which extends 25 sonmewhat beyond the target, then
to neasure the | atiehng@sesh adoriceenranjrotedse akr est tfhehbar e alrdssyiogt | y
thereafter by means of radar to ascertain the instantaneous position of the
projectile MAHEMAL ¥3M Ae cannon. Conparison of that instantaneous
positioRawith theyr t } I

bal |i st ?8 traj ec?f)P$$%S?Wr@?3dslﬁe%@%q§ngg{le¢ﬁlmﬁgﬁ? %g?gg{%rgg%cﬁlégggﬁn g/hi ch

i s actual | y procedurexpleusiod,a sae!lite mavigatignaleippgratoisder boerd ther pfajeatilghen
aer odynam c hr aki .ef fect act | . rojectile ch as
ext endi ng brtgkﬁl%{&prfg\"i%)gﬁgrﬁ%]l%gwk}vggp %nédéﬁé%&%%héi?%%gfé&gt%dé fiﬁaﬁ‘ |gn
order to suidoambpariseduwitht e tesyat-opthgidedajtegjeotoryprwhée bagomtofort enew

aer odynam c condjtions .and thereb 0 reduce the ] ayoff ?2 FFRZ2~0:~ 2z
From 1 he t arGerctan ST cqbraved SO AT GRIMParsabI eseadishr rrlgedBea
to a predet ejdoApHamitebrakirdj afdvides Pat hedrie@ioherwitly Gt @Jrabttat t Pessible
attainment of a braking tinme so that once again the initialisation tine for
t he braki ng 4RsHRE ¢fstaxpebacei@g¥refi HeispbsrURrE tGajesiaryr PAPDIERTS acisedd and
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trajectory necessarily result 1n an additional target layoff,
numerous external influencing factors acting on a trajectory path still act on

the trajectory even after the braking means are released and therefore the
20 corrected trajectory does not then result in the operative mechanism in the
projectile being delivered accurately on the target.

It is known from EP O 138 942 B1 to locate a target for example by
means of radar from the cannon and to determine in the fire control
computer elevation and charge for a ballistic trajectory path which extends

25 somewhat beyond the target, then to measure the launch speed of the
projectile from the barrel and shortly thereafter by means of radar to
ascertain the instantaneous position of the projectile relative to the cannon.
Comparison of that instantaneous position with the reference position, on
the basis of the calculated ballistic trajectory path, is used to determine the

30 target layoff which is actually to be expected, the final step being to derive
therefrom when aerodynamic braking effects should be activated at the
projectile such as extending braking flaps or blowing off an aerodynamic
projectile tip in order to suitably reduce the remaining trajectory on the

basis of the new aerodynamic conditions and thereby to reduce the layoff



Such a correction neasure in respect of the braked transition f{kaﬁﬂ““
initial trajectory path into a trajectory which is optimsed af ‘ %‘

- apogee thereof is all the sane substantially | ess expensive than the 1o
installation of a target sensor, control system and regulating |oop for
automatic, target-seeking final approach flight of a projectile. On the
“other hand, in consideration of the projectile speed being high in
particular in the initial phase, the procdedure for determ ning the rea
trajectory path framthe asurenent of initial instantaneous points . on the
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promising but which is still too inaccurate for the aspects of a practical
situation, in such a way that it is possible to achieve substantially more
precise target acquisition by way'of a reduction in trajectory, as a result of
30 an increase in the aerodynamic braking moment.
In accordance with the invention that object is attained in that the
essential process steps set forth in the main claim are carried into effect.
Accordingly the procedure according to the invention is based on the

notion, as is known per se as such, of reducing the longitudinal scatter,



to the target. Determning the current trajectory path does not involve
. having recourse to the procedure for determ ning the trajectoryq?FPHﬂ%he
+cannon, which is inevitably really inaccurate and technically unreliable
due to 25 interference effects. On the contrary, as is known per se, the

‘ initialisation point for the braking manoeuvre is autononously determ ned

on board the projectile, without therefore also being reliant for that
purpose on a data link to a ground statioh. For that purpose the projectile

is agai n equi d wth satel |l ife receivi devi.ce . for deternmning fhe
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contacting the navi %atl onal satellites fromthe projectile, and
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the currently | raj , t | d 0 whi ch
are 1o be extesELE 50 Pk aFER R el (ARGt Ee BBt 4R B BNy o
access fromwhidhoas dinthigapiyojresity |ieaadturbeaiséing oteehafcatiheuneatiapbd | dunal to
satellites Whicr} are a%%ve t he &_%rizon and ra Ldly obtain reljahle .
i nformaﬁso_n IRBRUEraNE SEehE Ofr fo?trraj'yecqsof£ PatR, PYhek the ftrbt'glf‘ﬁ?té%”so
the deviati opoihbeheeie bFAhE MBahddiReti8raltondrhotEly d@@rifedBhchodrd the
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projectile, without therefore also being reliant for that purpose on a data

link to a ground station. For that purpose the projectile is again equipped

with a satellite receiving device for determining the actual initial trajectory

30 path. As a deviation from the state of the art of the general kind set forth,

the braking manoeuvre however is now not already triggered when a

predetermined point on the trajectory is reached, but in accordance with

the invention the initial trajectory path is compared to the theoretical

launch curve over a period of time which is as long as possible, for as many



current error influences. The greater the nunber of current trajectory
points that can be neasured on board the projectile by neans of $4tfdlfl e

. navigation, the 5 correspondingly nore accurately is the trajectory path
determined up to the tinme of initiation of the braking manoeuvre beyond the
apogee, and the correspondingly nore accurately is it therefore also
possible to determ ne on board the layoff which is to be expected
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satellitesupported trajectory-determ ning procedure on board the
projectile.



Dependi ng on the previously established direction and range 11 frog)&gcmg
cannon 12 to a target 13, azinuth orientation, elevation 15 and ﬂﬂ I**1"ent
-charge power (that is to say the theoretical nmuzzle velocity 16) for the
ballistic trajectory path 18 of a projectile 17 into the target region are
determined in a firing control conputer 14. That cal cul ated | aunch
“trajectory path 18, after the apogee, nakes a transition into a trajectory
20 1, 7~E~100'~ 7 which is between a mintnumtrajectory 21 and a maxi num
trajectory 22 for a given error budget in the area around the target 13
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i ffer in st FERSEREG AN HOPAdtiHim Proyetls Rie mass i Oh gpAle ey gy, the
trajectory 2@o0e85om@hgRC el ¥cpbitdy de et Brafjd@bryvyaeh dakhenwsed end he
calcul ated traject or}/_ parabola for the trajectory lo path 18, but it

i ncreasi ngl ythtigeer irdtstier of dbedrekoganeoatuBechemdtha apeseargn@the
cannot be ex I £l e e Y. \ raki .

of 1 ences.  FRecereraheif R dectfadei & Bioratora HBr SRRk donyiRPmine
devi ce whi chohn hperd seh&ntayoffranhieh fior texbapleepeaiadi nietareordr akiohy the

surfaces which can. be extended by a fo|di ng o,rsig)i votal 15 novenent %r a
rel easabl e f FARYRMHANNYoNEEEHTSS MYREN b 1s commuairated YRQR Jgyneh to

spreadabi® bfpkigrgieztild. T4t Fizle8Ct PossHé tidl SNBAHIy ddeupdedf Pregseprife DE 3
608 109 Al. For the braking system 26 which is specifically present and for
certai n int efieidasd énitigfisatéare eeint{es sutiatied ofithe tiakiagl procapeca, dhgt 20td s an

20 initialisati ' : ' i 1,0 Al

flight tinme ?%y ?ﬁe&bé{?dﬁb q@ gﬁ&#‘#&%ﬁ%?%ﬁomg\mﬁﬁrho}}’e% I f'he\ﬂ“c%"ﬁgglt@%;}févﬁ‘ rom
the real trapecidyngn? proeditieisy ifrdro stheh eed r aregetioopalwhichaj dasor pedtb
that the latter, increasjngly approaches.the mninpumtrajectory 21 an t
by event ¢ hEGPRPERMGY Fonbr e EOE e EeatPart YRk piryetdys et
initialisati gRjeQohf, iASdeferRietde orctid ESPaRih§ dlightedikl iBto 8Re theydtedea.
trajectory 20, the further away the trajectory 20 would be fromthe target
13 in the pl BReaie PRetheapar hang shat Rialdpattimeewbicakisngs daer agtnosaible
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25 continuous updating, for the currently prevailing error influences, the last

possible initialisation point for entry into the braked transitional trajectory

for the approach to the minimum trajectory is directly imminent, the

structurally predetermined braking manoeuvre is triggered for example by

extending braking elements or blowing off the aerodynamic projectile tip

30 and therefore target acquisition is achieved with a high degree of reliability

in the final approach flight phase, on the minimum trajectory or at any

event on a trajectory which leads very close to the target.
In order to minimise the computation complication and expenditure

for determining the optimum (latest possible) braking triggering point on



the disturbed real trajectory 20 is really accurately known. The procedure
for determning the currently real trajectory 20 (and therefromtip mER e

- procedure for establishing the attainment of the initialisation point 24)
is effected on board the projectile 17 itself over a to flight path section
which is as long as possible in order to detect the real effect of as nmany
“error influences as possible on the trajectory path 18 into the trajectory
20. The operation of determ ning the traj6ectory is inmplemented with
satellites ty to t f ' of
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() - 3S#10% 0&He) tdtget 13 and from which the projectile can divert from the real
trajectory 20 precisely into such a transitional trajectory 25 that the latter
increasingly approaches the minimum trajectory 21 and at any event
theoretically finally goes accurately to the target 13. That initialisation point
25 24 occurs correspondingly earlier on the real trajectory 20, the further
away the trajectory 20 would be from the target 13 in the plane of the
target region, without the braking correction intervention, that is to say the
correspondingly higher that the trajectory 20 is. This means that, for an
array of possible real trajectories 20, a sequence of the ideal initialisation
30 points 24 can be represented as a triggering curve 28 which (as can be
seen from the drawing) is pivoted somewhat with respect to a set of curves
of real trajectories 20, which therefore respectively intersects once the
entirety of the real trajectories 20 between the minimum and the maximum

trajectories 21 - 22. The various interference influences (such as the wind
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5 current interference conditions can be really accurately predicted because
the disturbed real trajectory 20 is really accurately known.

The procedure for determining the currently real trajectory 20 (and
therefrom then the procedure for establishing the attainment of the
initialisation point 24) is effected on board the projectile 17 itself over a

10 flight path section which is as long as possible in order to detect the real
effect of as many error influences as possible on the trajectory path 18 into
the trajectory 20. The operation of determining the trajectory s
implemented with satellite support, that is to say by way of the reception of
the items of positional information from navigational satellites 27 which are

15 currently detected on board the projectile 17, on the basis of the known
orbit data thereof, as is generally known as such from satellite navigation
by means of different systems of locating satellites. For that purpose the
spin-stabilised projectile 17 is preferably provided with scanning, which
rotates in opposite relationship to the spin, of antenna elements which

20 surround the projectile 17 on its peripheral surface in order to permit
interference-free direct reception, that is to say to cut out interference
ground reflection phenomena in respect of satellite radiation, as described
in greater detail in EP 0 840 393 A2.

In order to be able to switch to the satellites 27 as quickly as

25 possible, that is to say to achieve a close succession, which is initiated as
early as possible, of real trajectory co-ordinates for determining the actual
trajectory path 18 and the trajectory 20 resulting therefrom, expected
values in terms of the positions of probably receivable satellites 27 are also
given to the projectile 17 from the firing control computer 14 upon launch

30 for the launch trajectory 18 which is predetermined by computation, those
values then serving as a basis after launch on board with continuous
updating. In addition, sequences of initialisation points 24 for disturbed

arrays of possible real trajectory paths 20 are stored as an interference-
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device 26 is activated and the projectile departs from the previous real
trajectory 20, turning into the transitional trajectory 25 to the target 13.

In order therefore to perceptibly reduce the inevitable trajectory

scatter or spread of projectiles 17 which are ballistically fired into the target

10 area without the technological expenditure involved in automatic target-

seeking control, and in order thereby substantially to improve the level of

target hit accuracy, the minimum trajectory path 21 is laid through the

previously ascertained target position 13 - having regard to the error

budget of the weapon 12 and the external influencing parameters to be

15 expected such as a height-dependent headwind 19 on a real trajectory 20 -

so that all real trajectories 20 up to the maximum trajectory 22 of that

overall error budget are behind the target position 13. The descent of the

projectile 17 into the target area is then shortened from the instantaneous

real trajectory 20 to the minimum trajectory 21, that is to say towards the

20 target position 13, by the enablement of an aerodynamic braking effect. For

that purpose, attainment of the optimum initialisation point 24, which is

dependent on the theoretical remaining flight time, for the aerodynamic

braking device on the projectile 27 is determined on the real trajectory 20

by a procedure whereby in accordance with the invention the real trajectory

25 20 is now continuously measured by means of satellite navigation over a

distance which is as long as possible to directly prior to the point of

intersection with a triggering curve 28 which is predetermined in

dependence on environmental factars - and therefore as far as the

conclusion, with all actual error influences being involved. Thus, the actual

30 approach to the point of intersection with the triggering curve 28, that is to

say the sequence of optimum initialisation points 24-24 for the array of real

trajectories 20/20, is established, from which a braked transitional

trajectory 25 is adjusted to match the minimum trajectory 21 through the

target position 13.
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increasing its aerodynamic drag coefficient for it to turn from the initial trajectory

path into a steeper transitional trajectory to the target, characterised in that:

(a) external interference influences on the configuration of the
trajectory path are taken into account in predictive determination of the imminent
real trajectory beyond the target by sensor means and/or from the measured
trajectory path in comparison with one determined by computation, and that for

" the real trajectory which is accordingly to be expected, having regard to those
influences, an initialisation point which is as close as possible prior to the target
is determined for the increase in the drag coefficient for entry into a transitional
trajectory for turning into the accurately targeted minimum trajectory; and

(b)  for an array, which is predicted in dependence on error, of real
trajectories between the minimum trajectory on to the target and a maximum
trajectory behind the target, the triggering curve of a sequence of initialisation
points is stored in the projectile and the imminent point of intersection of the
triggering curve with the measured real trajectory is determined from ongoing

satellite navigation, for triggering the braking device.

2, A process according to claim 1 characterised in that interference-
dependent curve sets for real trajectories and/or for triggering curves are stored
in the projectile.

3. A process according to claim 1 or claim 2 characterised in that
initial positions are predetermined for the projectile upon launch into the real
trajectory to be expected, in accordance with the contacts with navigational

satellites which are to be expected for trajectory measurement.



