1 METHOD FOR PROGRAMM NG THE SHATTERI NG PRQJECTI LES AND TUBE WEAPON W TH
PROGRAMM NG SYSTEM (000i] The present invention concerns a nethod for
programm ng the shattering of projectiles according to claim1l and a tube
weapon with a programrmng systemaccording to claim6. The priority of

Swi ss Patent Application No. 2003 0298(03 of February 26, 2003 is cl ai ned.
100021 In connection with the inventionthe termtube weapon is to be
understood to include such t ube meapons mhlch ar e SUIted to the Iaunchlng
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the projectiles which are Iaunched by such tube meapons in the context of
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directly programed, or the nunmber of projectile rotations up to detonation
i s taunched by such tube weapons in the context of the invention lie in a range

which js larger than about 5°. Such tube weapons are used in general for

destruction of fand and sea targets.

(0003)] To obtain a maximum weapon effect with a shatteratqlé projectile, the
shattering of the projectile must take place in the nearby space surrounding the
target 10 be destroyed. So that this happens, projectiles with programmabie
ignition are used, which in general are referred to as programmable or fuse
settable projectiles. The goal of the pragramming is to achieve with simitar
projectiies, which are launched with similar elevations and which thereby fly
along basically the same trajectory, detonation at different shattering poinis
according to the position of the target with respect to the tube weapon.

[000¢] Customarily in the programming the projectiles are not so directly
programmed that they detonate at a given shattering point. More often the time
of the shattering or the flight duration of the projectile between the weapon and
the shattering point is programmed. For this either the flight duration can be
diractly programmed, or the number of projectile rotations up to detonation is

pre-set.



pre-set. 2 10005] So that the projectile devel ops an optiml effect several
conditions in regard to the shattering point nust be observed. The
shattering of the projectile should take place at an optinal distance in
reference to the target. The basis of this is the following: in the
shattering or detonation of such projectiles nunerous fragnents or
splinters are forned, These splinters in general have only a small mass but
a high initial speed. O course this saged di mi ni shes rapidly because of
air resistance. The splinters nove outwardly fromthe detonation point, into
a splinter space, which for exanple can be referred to as a scatter cone.
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t herefore
from the shattering point. The spatial effective region of such grenades or

projectiles with explosive material is accordingly narrowly limited. For
determining the optimal point for shattering the grenades into splinters two
important conditions are therefore to be taken into account: first the shattering
should take place as close as possible to the target, to develop a high effect on
the target; in the case of earth and sea targets this means that the grenades
must be detonated in the field surrounding the target. To achieve a goed striking
likelihood for the splinters the shattering must take place at a not too small
distance from to the target. The flight time up to the shattering must absolutely
be determined so that the shattering occurs before the impact. The mentioned
conditions set narrow boundaries for the optimal region of the shattering point
and especially for the height range of the shattering point.

[0006] Cannons are generally used for the destruction of targets with elongated
shots. The trajectorfes of the projectiles launched in this way are therefore
elongated or only slightly elevated and exhibit therefore overall only a small
elevation above the ground relative to the attacked target. These projectiles are

customarily so programmed that they are detonated at a cenain longitudinal



el ongated or only slightly elevated and exhibit therefore overall only a
smal |l el evation above the ground relative to the attacked target. These
projectiles are customarily so progranmed that they are detonated at a
certain longitudinal 3 distance fromthe weapon. Because of the el ongated
flight paths in this case the projectiles detonate at |ow hei ghts above the
target. [0007] O her tube weapons, especially tube weapons in the style of
grenade |aunchers, shoot projectiles o grenades along trajectories which
are nore strongly elevated or curved than the trajectories of the
above-nentioned cannon projectiles. In the case of these projectiles the
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possi bl e, height above the target. [0008] Indeed different possibilities are

known for allowi ng the projectiles to detonate at an optinmal position with
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U. S. Pat ent phectifes3 94, tH 2astestthebe prajectité e prograearmingciakeg plase in teat t eri ng
time for the purpose of maintai ni,ng%_ a constant shattering distance between
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detonation 1is triggered by a radar signal. Al three nentioned docunents
t herefore describe nethods by which detonation of a projectile takes place

at a predet fdo%fﬁ%eed different possibilities are known for allowing the projedtiles to
detonate at an optimal position with the corresponding programming of the
projectile taking into account the actual muzzle velocity or the deviation of the
actual myzzle velocity from a known muzzle velocity. U.S. Patent No. 5,814,756
for example describes how the shattering time can be so correcled that the
horizontal shattering distance in front of the target remains constant as much
possible. Also, U.S. Patent No. 5,884,102 describes a method for correcting the
shattering time for the purpose of maintaining a constant shattering distance
between the weapon and the shattering point. Another method for shattering a
grenade at a given horizontal distance from the weapon is revealed by U.S.
Patent Application 2002/088367, wherein however no measurement of the
muzzie velocity and no programming of the projectile resulis, but the detonation
is triggered by a radar signal. All three mentioned documents therefore describe
methods by which detonation of a projectile takes place at a predetermined
horizontal distance.

[0009] Obviously the disadvantage of using the customary programming method
originally designed for the elongated shooting of projectites, which are shot along

heavily curved trajectories, lies in that these projectiles because of their elevated



hori zontal distance. [0009] Qobviously the di sadvantage of using the
customary progranm ng nethod originally designed for the el ongated shooting
of projectiles, which are shot along heavily curved trajectories, lies in
that these projectiles because of their elevated 4 trajectories are not
detonated over the target at the optimal height and thereby have no

sati sfactory effect. [0010] Moreover, in actuality the detonation of the
projectiles does not occur at all, or &nly by chance, at those exact points
at which they are supposed to take place according to the progranmm ng,
since, as already nentioned, for different reasons always a certain

scat t eri nglrajeciories arg\notdetenales ovgr hamdrgelrat theeoptiroalthesghtrapd theeebyn t hat t he
actual muzzle velogities of the projectiles deviate from the theoretically
cal cul at ed %ﬁ%&?éaﬁﬁﬁﬂeﬂf9 8 the projectiles, with however the progranming
bei ng made on the basis of the theoretical nuzzle velocity. [0011] It is
now t he object of the invention, to provide a nethod by neans of which the
ef f ect i venimaooflopraveednidobsglity theedatorgtiontof the projéctitds ddesamat ovgur & ongat ed,
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1; and for the tube weapon with the programm ng system by the features of
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programming being made on the basis of the theoretical muzzle velocity.

[0011] it is now the object of the invention,

- to provide a method by means of which the effectiveneass of projectiles,
the frajectories of which are not elongated, is improved even if a deviation
of the actual muzzle velocity of the projectile from the theoretical muzzie
velocily is present;

and to propose a tube weapon with a programming system which is
suited ta the carrying out of the method.

[0012] The solution to this object in accordance with the invention occurs
- for the method, through the features of claim 1; and
for the tube weapon with the programming system, by the teatures of

claim 6.

[0013) Advantageous further developments of this method and of this tube
weapon with the new programming system are defined by the associated
dependent claims.

{0014) The new method is especially, but not exclusively, used for tube

weapors, hereinaiter designated as weapons, which are shot in the lower angle



dependent clains. [0014) The new nethod is especially, but not exclusively,
used for tube weapons, hereinafter designated as weapons, which are shot in
the lower angle 5 group. The projectiles are progranmed by the transm ssion
of programm ng or a corresponding signal. The cal culations for the
programm ng take place with reference to the position of the target, |aunch
and termnal ballistic criteria, a pregeternined nmuzzl e vel ocity, an actual
or neasured nuzzle velocity of at |eastY one of the projectiles, and the
boundary condition that the detonation should occur at a shattering point
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det er mi nat iogguoét 4 Bhateringapoimwebich lieebamn optimeONEight Ibavie théeargetv et hod one
achi eves the shattering of projectiles, such as grenades which are shot
al ong strongly curved trajectories, at an optinmal height over the target.
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Taking into account the actual or neasured nuzzle velocity for optimzing
the hei ghtacspuphef thetastial nrziovelesiynwhichie detesmings e MaagureeMy t aki ng
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(0016 In this, the precalculation can be carried out before the measurement of
the actual muzzie velocity, and after the measurement of the actual muzzle
velocity a calculation correction, and with it the ultimate calculation, can be
carried out; or the entire ulitimate caiculation can take place after the
determination of the actual muzzle velocity.

[0017) With the new method one achieves the shattering of projectiles, such as
grenades which are shot along strongly curved trajectories, at an optimat height
over the target. The otherwise usual scattering, caused by the deviation of the
actual muzzie velocity from the predetermined muzzle velocity, is practicality
avoided by taking into consideration the actual or measured muzzle velocity.
Taking into account the actual or measured muzzle velocity for optimizing the
height of the detonation location is new, since customarily by taking into
consideration the actual or measured muzzle velocity, the shot length, that is,
the longitudinal distance of the detonation place from the WEeapon, was
optimized.



t he | ongi tudi nal distance of the detonation place fromthe weapon, was
optimzed. 6 [0018] The new nethod and the new progranmm ng system are, as
al ready nentioned several tines, intended especially for tube weapons, for
exanpl e infantry weapons or machi ne cannons, which are suited for the
shooting of projectiles along strongly curved trajectories and preferably
in the |lower angle group, wherein the descent angle relative to the

hori zontal exceeds about 5. [0019) Gbaﬁrally t ube weapons used within the
framework of the invention are those ich are at | east sem -automatic or
automati c tube weapons, especially grenade |aunchers or machi ne cannons.
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| ongi tudi nal di stance of the target fromthe tube weapon. For this however
an external distance neasuring nmeans can al so be used, and in certain cases
t he mentioned | ongitudinal distance can,also be determined with the help of

t opogr aphi cAPIfipEneratipube waaPenseduithip tharamgwork elthadayastioniard t he

progranmm n | r rabl: del.d v | jles is
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weapon. The safety field is essentially dependent o

methad of the invention can however, also be carried out for projectiles fired as

individual shots.

[0020] For the carrying out of the method, a tube weapon with a programming
system is used. That programming system has according to the invention v,-
measuring means, computing means including memory means for the
processing of data for the programming, and transmission means for the
transmission of the programming or corresponding signals to the projectiles.

[0021] Preferably integrated distance measuring means are provided for
measuring the longitudinai distance of the target from the tube weapon. For this
however an external distance measuring means ¢an also be used, and in certain
cases the mentioned longitudinal distance can also be determined with the help
of topographical maps.

[0022] The construction of the tube weapon with the programming system is
preferably such that the delivery of projectiles s blocked if, as a result of the
computations for the programming, a shattering point resuits which lies within a
safety field around the tube weapon. The safety fisld is essentially dependent
on the projectiies or their effective area.



on the projectiles or their effective area. 7 [00231 Tube weapons for the
delivery of projectiles in serial fire and wwth the new programm ng system
are preferably so constructed that a serial firing or a firing burst is
initiated by a shooter and is continued until an interruption is caused by
t he shooter. 100241 It is advantageous if upon an interruption of serial
fire certain settings are maintained, especially, in case the sane target
is again to be destroyed, the settings7associated with the |ongitudinal

di stance of the target. A further serial firing or a further firing burst
for destroying the same target can then take place wthout further input,
and only upl®823hEuhrewerpens %ﬁlhﬁ delivaevpitripigetiemirs serialdire aad wéthdbedewet t i ngs

be changed. The tube weapon t t at at the
end of 3 sePearamiya SR carF P CBRLES el 88 SN MR o1 et
(00251 I'n tBgyst glih@wiedchy Aehoaeeand Ritdntinded ORfilkainteiptbaiid clyseary of
exanples and wth refer'ence to the drawi ngs. The drawngs are not to scale.
They Show: theighootert he flight behavior of shatterable projectiles for
explaining ternms used in the franework of the description; Fig. 2 a tubular
weapon and a target to be destroyed, for explaining the determnation of
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without further input, and only upon the destruction of a new target must the

associated settings be changed. The tube weapon can however also be so

constructed that at the end of a serial firing or firing burst the used set values are

cancelled.

[0025] In the following the invention is described in detail by way of examples
and with reference to the drawings. The drawings are not to scale. They show:

Fig. 1 the flight behavior of shatterable projectiles for explaining terms
used in the framework of the description;

Fig. 2 atubular weapon and a target to be destroyed, for expiaining the
determination of suitable settings, in schematic representation;

Fig. 3 atube weapon and a target as well as flight paths of similar
projectiles with similar programming, wherein only computation tor
preprogramming takes place but not for correction of the final
programming in a representation similar to Fig. 2;

Fig. 4 atube weapon and a 1arget as well as flight paths of similar
projectiles, wherein computation steps for precalculation and for
definitive calculation take place, in a representation similar to that
of Figs. 2 and 3;

Fig. 5 atube weapon with a programming system according to the
invention, in schematic representation.



of Figs. 2 and 3; Fig. 5 a tube weapon with a progranm ng system accordi ng
to the invention, in schematic representation. 8 [0026) First of ai
different ternms, known in thensel ves, which appear in the follow ng text or
in Figs. 1-4, will be explained. 100271 Input specific nmagnitudes are: a
destruction distance or a longitudinal distance x. of a target Z, a

| ongi tudi nal di stance xo of a shattering point Q and an optinal

| ongi t udi nal di stance xo' of an optinmal &hattering point Q froma tube
weapon 12; and further tz, that is, the fused duration tine, which begins to
run with the ignition of the projectile G and at the end of which the
shattering of the projectile G takes place at the shattering point Q The
wor ki ng cooffli - ar.8 ai ' d : [ r -0f luenti al
magni ¢ odes. \RZPTERR TS ERNBRARE: ket AR Embel e bn B R T e
effective di&lb@ﬂ@téﬁ@ﬁﬁi@é.%ﬂ@ilﬁbe gipigineds a function of the grenade
type and which over the destruction distance x or a region of the

| ongi tudi nal distance is practicality constant; second, the error distance

; third, h i gh \ he..el i ' h - di [ h
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system E 109%93nc§t>iz![dﬁ aQkAg 2, '&Tl{ah’@fﬂdiﬁél d&%d@%&{f% ghatlReng peintpraml  nuzzle

velocity vo(0) of e projectile G and an actual muzzle Vel ocity va (eff)
of the proj entoptimatiorgBudmal gistansecwl af avapimal ghatiedng peini &Y fram a tube
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velocity V o(off ers i ener a romthe predeterm ned nu e velocity

vo(0) and t bedjedtie & takes precenatasgsediterray pditteQu Thier@é kingadoordiagiesraré he
effective nuzzle velocity V Jeff) is taken into consideration. If a
cal cul at i ondpsignates By xpnd y.

[0028) Further influential magnitudes, for each of the known types of projeciiles
G, are: first, the effective distance w of a grenade G; which is a function of the
grenade type and which over the destruction distance x or a region of the
longifudinat distance is practicality constant; second, the error distance u; third,
the height y or the elevation in the y-direction of the detonation point Q for a
given 1arget Z; and fourth, the fault allowance system E.

[2029) Still other influential values are a known or normal muzzle velocity vy(0) of
the projectile G and an actual muzzle velocity v, (eff) of the projectile G. Fora
precalculation the predetermined or predetermined or normal muzzie velocity v,
(0) is used, and it is established that the shattering is o take place at a time t,
which can be calculated from the different influential values. The effective
muzzle velocity V i(eff) differs in general from the predetermined muzzle velocity
v, (0) and therefore must be measured. For the ultimate calculation the effective
muzzle velocity V ,(eff) is taken into consideration. |f a calculation is made with
only the predetermined muzzle velocity v,(0), the shattering of the projectile G is
based on an imparted signal after a flight duration t. 1If the ultimate calculation is
made with the actual muzzle velocity vg(eft), the signal imparted 10 the projectile



only the predeterm ned nuzzle velocity vO(0), the shattering of the
projectile Gis based on an inparted signal after a flight duration t. If
the ultinmate calculation is nmade with the actual nuzzle velocity vo(eff),
the signal inparted to the projectile 9 G and which determ nes the flight
time to the shattering, nust be so changed so that the shattering or
detonation takes place after the flight duration It + At. At is atine
error and can be either a positive or n€gative value. At should be as snall
as possible. (0030] The elevation a of the weapon tube 13 of the tube weapon

12 is set Dbefore the firin f the projectile G, and it allows the sol ution
of known f%'mﬁmld%%ﬂm'ﬂgﬁﬁ'@'éaméﬁ‘%iﬁt eiShGHEURg. cnustiRe $9 PlangediCation i s

det er m ned. i - ] . o] be 13
and a tar gépa‘[ztﬂggg%ggh&gﬁp%g‘gﬁ%é {%e%%eﬁ%?%ﬂ@?@@?@@wrm he tube
vweapon 12. Ffy@e effidt@tddncodeitirtdpaditiveiotieative ¢alleZ At hb@dite gest royed,
noves i n dependence on the input elevation X of the weapon tube 13 over

di f ferent mmaleas pbssibleaj ectories g or g'. The suitable elevation k' is

that which the projectile G reaches on the optinmal projectile trajectory
g*, so that the projectile Gupon its shattering at the |ongitudinal

i st ance xGioigiomd DBvAe, BEHRAeRr 0Bl130 PRI GAIRIENS iwer above the

target Z. An opti mal progranm ng e result t e projectile G at

this optinebefbel Wetfirng dieh® padjestileG; and aptibwshhe balttion ohngvwant Q. Wth the
shattering of a projectile Gresulting fragnents nove away in all directions
from the shaga@enk)babistit equatipnselram wiich ek duraliatistdedarmimed absol ut e
velocity of each fragnment is conposed of the fragnent velocity and of the
projectile wvelocity. The target Z is optinmally | ocated approximtely in the

mi ddl e of a(gpSHHr £igCe shBwithe b ReaPone2 With }a@eép’ﬁngﬁbe 435 4 %ﬁgéﬂ tter

space, where the “splinters of the projectile G detonated at di sburse,

i ntersect obedastodyesr at a [odQBEdingl distadce kj} lisovthe dsbe weapehagi diheof

theoretical ;l)r}rgiebc%\el és Eviitg%!/rligh tshierqialrgaert lZyis?g E){e r(]j%stroyed, moves in dependence on
the input elevation A of the weapon tube 13 over different projectile trajectories g
or g*. The suitable elevation A" is that which the prajectile G reaches on the
optimal projectile trajectory g*, so that the projectile G upon its shattering at the
longitudinal distance x4 from the tube weapon 12 is at an optimal height y*
above the target Z. An optimal programming has the result that the projectile G
at this optimal height y* detonates at an oplimal shattering point Q". With the
shattering of a projectile G resulting fragments move away in all directions from
the shattering point with relative fragment velocities. The absolute velocity of
each fragment is composed of the fragment velocity and of the projectile
velocity. The target Z is optimally located approximately in the middle of a
surface in which the plane of the target Z and the splinter space, where the

splinters of the projectile G detonated at Q" disburse, intersect one ancther.

[0032] Fig. 2 illustrates the behavior of theoretically ballistically similarty acting
projectiles G which are shot at the samé elevation A and with the same
programming. The calculations for the programming in this case take into
account only the predetermined muzzie velocity v,(0). a correction for taking into
account the actual muzzie velocity vy(eff) is not made. For clarity only three



projectiles G which are shot at the sane elevation a and with the sane
programm ng. The cal cul ations for the programmng in this case take into
account only the predeterm ned nmuzzle velocity v,(0); a correction for
taking into account the actual nuzzle velocity vo(eff) is not nade. For
clarity only three 10 projectiles G are represented, but in actuality a
series can contain far nore than three projectiles. The tube weapon 12,

whi ch has the weapon tube 13, shoots ife projectiles Gto destroy the
target Z by a preceding calculation, and with the given presuned el evation

or oj oct 11 6PRIHIRS PrarEteBiosh o B b ARt fhfes Fon CRRYD it © 11

det onat | on 3B iphojBremea! wb%ﬁewﬁ-hg?ﬁz PAIER has 1hé feRnsh tutsy 18 Ndhoots
pr edet er m ned z‘z e velocity vo(0). The shattering points Q of the
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target Z to, be destroye and ,at | ongi t udi n di stance xo fromthe tube
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vel ocity v kebétonafion Thiy sreesitilaforiakes priodasn Wetdasidel ther edet er mi ned

nmuzzl e velocity v,(0), then according to Fig. 3, assum ngmé absence of
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This is the primary” reason why the projectiles G as illustrated in Fig, 3,
even with ghedoungasa thenghattesing peinsy & lap somewrat aloseoto, thedubdweapdy on, t he

optimal trajector b opn,. .other trajectories g,, and even with the sane
pPogr anm ng ed't%‘aﬂé%/‘? 9559‘3@%' WE‘Ph(ﬁ]F@ateqrjg{lgﬁ Igagee ?h'éc’%‘gp?x&ﬁ WRaP%r i ng
point Q buf; al so at other shattering points Q

[0033] If the actual muzzle velocity vy(eff) of the projectile G coincides with the
predetermined muzzle velocity v,(0), then according to Fig. 3, assuming the
absence of disturbing influences, all projectiles G move along a common optimal
projectile projectory g* and detonate at the shattering point Q. Generally and as
often mentioned, the actual muzzle velocity of the projectile G deviates from the
predetermined muzzle velocity v, (0) of the projectile G. This is the primary
reason why ihe projecliles G, as illustrated in Fig. 3, even with shooting al the
same elevation, move not on, of nat only on, the optimal trajectory g” but on
other trajectories g, and even with the same programming do not, or do not only,
detonate at the optimum shaltering point Q" but also at other shattering points Q.

[0034] According to the invention the actual muzzie velocity vy(eff) of at least one
of the projectiles G is now measured. Taking into account the actual, measured
muzzle velocity vy(eff), or its deviation from the predetermined muzzle velocity
Vo(0), an ultimate calculation, or a computation correction, is obtained. and on
the basis ot the results of the ultimate computation, the programming for the
projectites is produced. The trajectories g, over which the projectiles G move,



10034] According to the invention the actual nuzzle velocity vp(eff) of at

| east one of the projectiles Gis now neasured. Taking into account the
actual, neasured nmnuzzle velocity v,(eff), or its deviation fromthe
predeterm ned nuzzle velocity vo(O, an ultimte calculation, or a
conputation correction, is obtained, and on the basis of the results of the
ultimate conputation, the programmng for the projectiles is produced. The
trajectories g, over which the projectilles G nove. 11 are the sane as in
Fig. 3, that is, the sane as if the progranm ng were carried out only on

the basis of the precalculatjion w thout taki, I nto account the actual
nuzzl e vel @¢the %@Péfas)“."%%tantﬂl"@ I%,10¢ saMe aéap%a|pa@9r@mm@9 We{e CBFBst amming i s
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all shattering points Qis above all a |ongitudinal deviation of the
det onat i on thasithe sQafterng reints Qrof @Hiok the pRFCHESiGhig abitw eatimym iheighdyT ar ge

pr of cct 11 00 &0 gfupEr ARG nef e e e G 4 24T Bk AR Bl T

m ddl e val ue of the neasured nuzzle velocities of earlier or previously
shot projectiles can be used as the predeterm ned nuzzle velocity vo(eff)_
To al ways dpe3n]ihehedvantageyoitbe mpimgm height \Wmfiathshatiedinghpsints Qésout t he
target Z, a neasyrepent of the.effective nuzzle velacity vo(eft) should be
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the new progranm ng system so that a destruction effect increase can be
achi eved. ¢hosen.

[0036] The middle value of the measured muzzle velocities of earlier or
previously shot projectiles can be used as the predetermined muzzle velecity
vo(eff). To always obtain shattering points Q™ with optimal heights y* about the
target Z, a measurement of the effective muzzle velocity v,(eft) should be cartied
out for each projectile G.

{0037} For carrying out the above-described methed the tube weapon 12 is
equipped with a programming system. Existing tube weapons, for example,
infantry weapons such as grenade launchers or machine cannons, can, be
modified as needed to include the new programming system, so that a
destruction effect increase can be achieved.

(0038} The programming system has v,-measuring means 14, computer means
16 and transmission means 18, for the transmission of calculated data from the
computing means 16 to the projectiles G, including a ransmission unit at the
tube weapon 12, The v,-measuring means 14 are generally arranged in the
area of the muzzle of the weapon tube 13, before or after the muzzie section.
The transmission means 18 are 5o constructed and arranged that the



[ 00381 The programm ng system has vo neasuring neans 14, conputer neans 16
and transm ssion neans 18, for the transm ssion of calculated data fromthe
conputing neans 16 to the projectiles G including a transm ssion unit at
the tube weapon 12. The vO-neasuring neans 14 are generally arranged in the
area of the nuzzle of the weapon tube 13, before or after the nmuzzle
section- The transm ssion neans 18 are so constructed and arranged that the
12 transm ssion of the data to the prQ%ectiIes G takes place between a
projectile |oading point and the end of the weapon tube 13 before the

| aunching of the projectiles. [00391 As already nentioned, the ultimte

cal cul at i qrarizghesieh e thedatago Neavpra@ithesiGhares flace BetWdert A ptojédtie proj ectil es
G are so programmed that they indeed detonate at the optiml height vy

above t he loadiggtpaint arat therendafihaweapendghe hdbeforethe leunchiag ofiths ance xo
fromthe tube apon. This problem has presented itself earlier in the

dest ruct i FIOEENES f ace targets, and as a solution it was then proposed that
t he shooting be done in a so-called chain of pearls node. By this the
following is to be understood: In the abstract simlar projectiles are shot.

These pr oj [@o39]l &s afreadymentipazd, the altindte cakubtioh ereordirritat taenienal
bal l'i sti cal lé'w occurring stra){s, in principle simlar trajectories, which
nat ur al | y DRB@dmas/thegesrit thad the projretiss Ghare samreraveed Bial hey indeed hanged.

These sim 0] i ',%Sﬂ,' ' r 0 progr ans
transm tte%i% Bg{%%ﬁﬁépggﬁ‘cﬁl gé@r@%% ca?é%]@ist gd',%rg% tﬁ%g?g%hreoérﬁt he | aunching
to the shaphgitidital distahce . fromahetibe ebpsn.t Maisippolgesthdd preentédr at i on and
each successive projectile has a shorter flight duration. In this case, the
char act er i kggligaréer nrbe siesireetias ofssriace fergelss BRAGS 2 salvtiamié wasdheoi nt s of
the trajectories

weapon w t HOBASRISNEIBS SRR bF Aote B BSeRAFEEnaD ofRpfipRrs: 1 IMne 1 mes

of the projrabibFmg!is tb BE UnBERNGS: O thBLsHEE MRARPtojekctilc Bt eflot.
These projectiles follow, apant from the usual inner and terminal ballistically
OCCUITing strays, in principle similar trajectories, which naturally then only
coincide if the azimuth and elevation are not changed. These similar projectiles
are now dissimilarly programmed, or the programs transmitted to them are
dissimilarly calculated, so that from the launching to the shattering the first
projectile has the longest flight duration and each successive projectile has a
shorter flight duration. In this case, the characteristics of the projeciories do not
change, but the end points of the trajectories of the unshatlered projectiles shift
closer 10 the tube weapon with each successively fired projectile. By tuning the
flight times of the projectiles to the cadence of the tube weapon, if wanted, a
number of projectiles can be detonated simultaneously. Especially in the case of
night time shooting this offers an observer a picture which at some distance can
be compared to a chain of pearls, and from this is derived the term ‘chain of
pearls mode”. It should also be known that shooting in the pearl of chain mode
does not necessarily mean that the projectiles detonate simultaneously.

[0040) If one combines the idea of programming projectiles G for point shoating
mode according the invention, that is, the maintenance of the optimal height y*
of the shattering point Q", with the idea of the known chain of pearls mode, a



nunber of projectiles can be detonated simultaneously. Especially in the
case of night tine shooting this offers an observer a picture which at sone
di stance can be conpared to a chain of pearls, and fromthis is derived the
term"chain of pearls node". It should also be known that shooting in the
pearl of chain node does not necessarily nean that the projectiles detonate
si mul taneously. [0040] If one conbines the idea of programm ng projectiles G
for point shooting node according thetgnvention, that is, the naintenance
of the optimal height y* of the shattering point Q, with the idea of the
known chain of pearls node, a 13 very advantageous nethod can result from
it. This mekypadpastsigbbes me@hocpcargmmfnmg\ of Tpisojnakes pessivletha ube weapons by
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be taken as a cost _involved. 10041) Naturally with the chain of pearls node

an i npr ovetherieteraiiasepeinisi BB casgeabove aib felon FaiRirrartiehot %\egarméﬁﬂle% t he
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estimati onpRkt b takeP 8l & YENAVoIPegt ance of the target fromthe weapon is
perfornmed i nexactly. 100421 A further problemwhich presents itself in

connection with the shooting of programable projectiles by tube weapons is
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not accuraé@émf%t&ﬂsﬁié'ralaﬁ@rgw@nttblme H@ﬁatléﬂﬂbf et Gnd hensel ves novabl e
targets. To achieve hits the entire surface nust be covered with shots.
Thi s can i predetermined majzatet velocitypasd actadingly, if nd vh neeasurement takes

place and/or if the measurement or estimation of the longitudinal distance of the

target from the weapon is performed inexactly.

[0042] A further problem which presents itself in connection with the shooting of
programmable projectiles by tube weapons is the following: Tube weapons in
the context of the invention are, as already mentioned, frequently used for the
destruction of sutface targets which are not accurately detectable from within the
surface or are themselves movable targets. To achieve hits the entire sutface
must be covered with shots. This can in the point shooting mode, that is, with a
number of similarly programmed projectiles, be achieved in that in the firing of a
series of projectiles the weapon tube is pivoted in azimuth as well as in
elevation. The weapon tubes of infantry weapons are mostly directed by muscle
power and can changed in azimuth during the firing of a series of projectiles
without anything further. A surface can thereby be covered in its breadth with
fire in the point shooting mode by swinging the weapon tube in azimuth, with
longitudinal straying being able to help cover the surface over a certain but
limited length with fire. In this way surfaces which are seen in the shooting
direction not as having large dimensions can be covered with fire in a
satisfactory way.



nunber of simlarly programmed projectiles, be achieved in that in the
firing of a series of projectiles the weapon tube is pivoted in azinuth as
well as in elevation. The weapon tubes of infantry weapons are nostly
directed by nuscle power and can changed in azinuth during the firing of a
series of projectiles wthout anything further. A surface can thereby be
covered in its breadth with fire int poi nt shooting node by sw nging the
weapon tube in azimuth, with [|ongitudinal straying being able to help cover
the surface over a certain but I|imted length with fire. In this way
surfaces which are seen in the shooting direction not as having |arge

di mensi ons can be covered with fire in a satisfactory way. 14 [0043]
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during the in firing on a2 surface target whose longnudmal range from the weapon is large,
as seen in the shooting direction, a satisfactory weapon effect can be achieved
by shoating in the point shooting mode. With projectiles, which in this customary
chain of pearls mode are shot from infantry tube weapons and which therefore
have a corresponding chain of pearls programming, the surrounding field of a
target not accurately located or a surface target can be hit even it itis assumed
that the elevation during the shooting is not changed. If the shots during the
shooting also do not change in azimuth, then the impact surface consists of a
strip of land lying in the shooting direction in front of the weapan. If the shots
during the shooting change in azimuth, - and that is actually intended in the
destruction of surface targets, then the impact surface consists however only of
a strip of land lying diagonally in front of the weapon, in which strip the
detonation points of the successively shot projectiles in step-wise fashion come
nearer to the weapon.

{0045] This disadvantage can be removed by a method for shooting with infantry
tube weapons in a modified chain of pearls mode. In this case the projectiles
are so programmed that the detonation points of the individual projectiles
change in a step-wise fashion, and indeed not only in one direction, that is, with



shooting al so do not change in azinuth, then the inpact surface consists of
a strip of land lying in the shooting direction in front of the weapon, If
the shots during the shooting change in azimuth, - and that is actually
intended in the destruction of surface targets, then the inpact surface
consi sts however only of a strip of land Iying diagonally in front of the
weapon, in which strip the detonation ﬁgints of the successively shot
projectiles in step-w se fashion cone arer to the weapon. (0045) This

di sadvant age can be renoved by a nmethod for shooting with infantry tube
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group steadily increase, [0047] The nunber of projectiles in each group can

be predeterm ned or can be set fromcase-to-case or fromuse-to-use. [0048]
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projectiles of the second group steadily increase.

[0047] The number of projectiles in each group can be predetermined or can be

set from case-to-case or fram use-to-use.

(0048] A group whose projectiles detonate with diminishing distance from the
weapon is in principle ended when the predetermined or fixed number of
projectiles have been shot. Advantageously, however, an interlock is provided
for the purpose of ending a group before the detonation point of a projectile falls
outside a safety distance from the weapon.

[0048] The second group of projectiles generally is followed by further groups
with the projectiles of each successive group being oppositely programmed.

(0050] During the cut off of each group by the programming, or as the case may
be by the maintaining of the safety distance if necessary, it is advantageous if
the cut oft of the entire firing burst is not the result of a given duration, or is net
according to a number of discharged projectiles, but instead the result of a



projectiles have been shot. Advantageously, however, an interlock is
provided for the purpose of ending a group before the detonation point of a
projectile falls outside a safety distance fromthe weapon. [0049) The
second group of projectiles generally is followed by further groups wth
the projectiles of each successive group being oppositely programed.

[ 0050] During the cut off of each group by the programm ng, or as the case
may be by the nmaintaining of the safeti distance if necessary, it is
advantageous if the cut off of the entire firing burst is not the result of
a given duration, or is not according to a nunber of discharged

proj ect i | edetdgrminatiost mashadter himself o end shelbnal dersdr in this mﬁnr\lﬁyﬂlﬁ]oot er

hinself to end. the fjnal .burst. In.this,manner the shooter is not surprised
by a sudder?%BmﬁrrlﬁgnB 5%'885%{15%61.SUEL%%ES“"‘F*H@?&%%%M ng can be so
constructed that a reprogranm ng from progressively closer detonation

points to progressively farther detonation points 1is coupled with a

pi voti ng offCd31¢ Theagarpgraraining can kg senomstnictachinahglreprogfamaling frem 1. A net hod
for the progranmm ng of the shatterin f projectiles (G, .which are

|t ended 1 GTOSRESHEYHora dstorRton Foits i PRBSESE . fEEEE HEoNGHOR PPRbN ¢ he
tube (13) elingoPiHg: 0&@ Nerehidimdhestgey (9. g') to
det onat e at@gog@%g?{?gﬁ ‘r?g 6g§ntﬂ%§gﬂdﬁ?t é‘yralg'%ﬁo#mood ont he target (2),
wherein a di stance neasurenent for determ ning the |ongitudinal distance
(x2) of the target (Z) fromthe weapon (12) is carried out, the tube (13)
is adjusted to a suitable elevation (?), taking into consideration a
predeterm ned nuzzle velocity (vo(O) of the projectiles (G and the

| ongi tudi nal distance (xz) of the target (Z) fromthe weapon (12) as well
as



mai ntai ning an optimal height (y') of the shattering point ((X) above the
target (Z) an actual nuzzle velocity (vo(eff)) of the projectiles (G is
determ ned, a calculation for the programring is carried out taking into
consideration the actual nuzzle velocity (vo(eff)) and under the condition
of maintaining the optimal height (y') of the shattering point (Q') above
the target (2), and - the progranmng iy transmtted to the involved
projectiles (G. 2. A nmethod according to claim1, wherein for the
calculation of the programmng of the projectile (G is carried out by a
prelim naryeakcul ation taking into consideration the predeterm ned nuzzle
vel ocity (vo:%%)) and an ultimte calculation taking into account the actual
muzzl e vel oci t yA rog(hogdbf the. pragrammingl dhe sbattetinggftpsojectlen{GL Ivdicls 1 to 2,
wherein the projectiles ( have a desc angl e rel ati to, the horizontal
whi ch exceéﬂg'“f%fpquagﬁ’ég‘%&%ﬂ‘@gn oﬁ_a ‘ﬂgﬁgﬁ?@d‘daaé@é? gﬁr%’o%/ﬁowgeégb%l aims 1
to 3, wheregy ' ¥ t | @ChH kEz1 N the

| ower angl g’%r&g%ﬁ“’%’l’&gﬁﬁﬁ%@ igtc'%?%’.’)ﬁaﬂ{eg t(k)bgee&g@d (gi i)éggffﬁl%hﬁlﬁerei n the
proj ecti | eshé&@riray poins(@Y) in th neighizdrhpod of the target ¢€2), wherdibt hod according to

one of the clains 1 to 5, characterized in that under,  maintainj r}g the
opti mal hefght @yﬂas;taapemfé\sgrfav%@rfphéeismmng(l%e)lomm@dmad)ﬁl@&nqeé& @ are

(G change i n ati Erde) il MERRdraTZRE Bifedit nai gne (v) of the
shattering. poi gt o3} B aBlneatd8duitdble Mrdvatigngegording to clai m6,
characterized in that the change is not done
- 1zking into consideration a predetermined muzzle velocity {v,4(0)) of
the projectiles (G) and the longitudinal distance (x,) of the target
(Z) from the weapon (12) as well as
- maintaining an optimal height (y*) of the shattering point (Q*)
above the target (2)
- an actual muzzle velocity {v,(eff}) of the projectiles (G) is determined,
- a calculation for the programming is carried out
- taking into consideration the actual muzzle velocity (vq(eff)) and
- under the condition of maintaining the optimal height (y*) of the
shattering point (Q") above the target (2), and

- the programming is transmifted to the involved projectiles (G).

2. A method according to claim 1, wherein for the calculation of the

programming of the projectile (G) is carried out by
a preliminary calculation taking into consideration the predetermined
muzzle velocity (vo(0)) and

- an ultimate calculation taking into account the actual muzzle velocity
(Vo(eff)).

3. A method according to one of claims 1 to 2, wherein the projectiles (G)
have a descent angle relative to the hotizental which exceeds the range of 5°.



In just one direction but alternating, with a first group of projectiles (Q
of a series being programmed with progressively shortening shattering tines
and a second group being programred with progressively | engthening
shattering tines and so on, so that each group is being oppositely
programed in conparison to the precedIi ng group. 8. Method according to
claim6 or 7, characterized in that pro&ran’m' ng is constructed in a way
that a reprogramm ng from progressively closer detonation points to
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(G, conputer neans (16) for calculating the progranm ng of the projectiles
(G 19 taking into consideration a predeterm ned nuzzle velocity (vo (0))
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(G) change in a stepwise fashion while the optimal height (y*) of the shattering

points (Q*) is maintained.

7. Method according to claim 6, characterized in that the change is not done
in just one direction but alternating, with a first group of projectiles (G) of a series
being programmed with progressively shortening shattering times and a second
group being programmed with progressively lengthening shattering times and so
on, so that each group is being oppositely programmed in comparison to the

preceding group.

8. Method according to claim 6 or 7, characterized in that programming is
constructed in a way that a reprogramming from progressively closer detonation
points to progressively farther detonation points is coupled with a pivoting of the

weapon (12) about a given minimum angle.

9. A weapon (12) with a tube (13) for the shooting of projectiles (G) along
heavily curved trajectories (g, g*) and with a programming system (14, 16, 18)
for so programming the projectiles (G) that they detonate in flight at a shattering
point (Q*) to destroy a target (Z) which is spaced from the weapon (12) by a
longitudinal distance (x;), which programming system includes:
- Vg measuring means (14) for determining the actual muzzle velocity
(vp (eff)) of the projectiles (G),
- computer means (16) for calculating the programming of the projectiles
(G)



projectiles (G. 10. A weapon (12) with a programm ng system (14, 16, 18)
according to Caim6, wherein the conputer neans (16) are constructed to,
carry out a precalculation taking into the account the predeterm ned nuzzle
velocity (vo (0)), carry out an ultimate calculation taking into account the
actual nmuzzle velocity (vo (eff)), and wherein - the conputer neans (16)
has associ ated storage neans for storing the results of the precal cul ation
up to the ultimate calculation. 11. A weapon (12) with a programm ng system
(14, 16, 18) according to one of clains 9 to 10 wherein the projectiles (Q
are so constructed al@King iptoaeAnsidegtion apepdetermyipesdmuzzia welpelavo (@) b t he

hori zont al exceeds L1 jBRAfIeR(cT andthe rRAAAR {dBholk Ryt RAIA™ N0

system (14, 16, 18) Ing to'o Wherein
projectiles (G are fZ)rfmmlewben@(‘r%)jmﬂorles (g, g") whichliein the

accor ding to one - ci BAeBTRENE Srie Beloft e hERE I RHpS BB tonst ruct ed
that the projectil esaﬁ@e thertarget (Zalahg i ndividually or in series.
- taking into consideration the measured muzzle velocity (vy (eff)) of
projectile (G), as well as
- transmission means (18) for transmitting the programming to the
projectiles (G).

10. A weapon (12) with a programming system (14, 16, 18) according to

Claim 6, wherein the computer means (16) are constructed to,

- carry out a precalculation taking into the account the predetermined
muzzle velocity (vo (0)),

- carry out an ultimate calculation taking into account the actual muzzle
velocity (v (eff)), and wherein

- the computer means (16) has associated storage means for storing the
results of the precalculation up to the ultimate calculation.

11. A weapon (12) with a programming system (14, 16, 18) according to one
of claims 9 to 10 wherein the projectiles (G) are so constructed and fireable that

their descent angle relative to the horizontal exceeds the range of 5°.

12. A weapon (12) with a programming system (14, 16, 18) according to one
of claims 9 to 11 wherein the projectiles (G) are fireable along trajectories (g, g")
which lie in the lower angle group.

13. A weapon (12) with a programming system (14, 16, 18) according to one
claims 9 to 12 wherein the weapon (12) is so constructed that the projectiles (G)

are fireable individually or in series.





