WD 2011/ 092022PCT/ EP2011/ 000388 1 DESCRI PTI ON Met hod and Devi ce for
Programm ng a Projectile The invention concerns the problens of
programming a projectile during passage through the barrel and/or
passag&ybypiy@e2de nuzzl e brake. The associ ated device ﬁ@,@%&f*)b@ms
moreover, for a Vo nmeasurenent and, tojround out the whole, Is also
suitable for transmtting energy to the projectile. For programuable
ammuni tion, information nust be communicated to the projectile -

which is to say programmed into it - concerning its detonation tine
and/or flight path. In systenms in which the detonation tine is

cal culated fromthe neasured nuzzle velocity Vo, the information can
be relayed no earlier than at the nuzzle and/or in flight. If the
programm ng takes place prior toBRESCRIPDON he gun barrel, as a
general rule the projectile flies past a progranm ng unit at the
muzzle velocity Vo and thus is in notion relative to the progranm ng
unit. A known programmng unit is described in CH 691 143 A5. Wth
the aid of a transmitting coil, the information is transmtted

i nductively via a mMethodgnebDevice/fon Programmmijng aiRrejectie s

progranmm ng unit has a heavy construction, which can adversely affect
the gun on account of the nass and the torque. At the sane tine, an
unshi el ded transmtting coil of the progranming [unit] can result in
unwant g_g radi ati on, since the cciil al so acts as an antenna. The

r adi at ddesiNyRAIONT £ONEeMgethse PERP!eAR IO BIRATARIAG & dHeiscHienguiiie passage
| ocat | %oegh A baH B 5@(!70P§a§’§a§1‘@‘lh¥ ez 218Brake. The associated devige is
2011/ 092022PCT/ EP2011/ 000388 Z A method is known from WO 2009/ 085064
A2 i n a&hitaiiet merenvesr fandi Vigmessuisarent sitdn thsoundeowtrtha svhials,i isralsss suitable
| i ght n?oqf{%sm-ﬂﬁnﬁr?e'n%rge)p%’thyb?ojgét%.e(:t' | e has optical sensors on its

circunterence.

For programmable ammunition, information must be communicated to the projectile —
which is to say programmed into it — concerning its detonation time and/or flight path. In
systems in which the detonation time is calculated from the measured muzzle velocity
Vg, the information can be relayed no earlier than at the muzzie and/or in flight. If the
programming takes place prior to exit from the gun barrel, as a general rule the
projectile flies past a programming unit at the muzzle velocity Vg and thus is in motion

relative to the programming unit.

A known programming unit is described in CH 691 143 A5. With the aid of a transmitting
coil, the information is transmitted inductively via a matching coil infon the projectile.
This programming unit has a heavy construction, which can adversely affect the gun on
account of the mass and the torque. At the same time, an unshielded transmitting coil of
the programming [unit] can result in unwanted radiation, since the coil also acts as an
antenna. The radiated signal can be detected, and conclusions concerning the location

of the gun can be drawn therefrom.



DE 10 2009 024 508.1, which is not a prior publication, concerns a

met hod for correcting the trajectory of a round of term nal

phase- gui ded amrunition, specifically with the projectile inprinting
of suchypy fj1§&jobh2s or amunition in the nedi um cali ber @ﬁ%ﬁ)z 1$/0b388
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pr oj ectci'rpﬂmif‘ggﬂge'onl y the guide beamintended for that projectile,
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is attained through the features of claim1l and claim®6. Advantageous
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in a mﬁéﬁ%ﬂdg&i t&gégé%ee%f , a&gggan '&%ten%me ﬁs atc])soluke roIIr afﬁﬁﬂ% in space using
additional information, in order to thus achieve the correct triggering of the correction

pulse.

Alternative transmission possibilities, for example by means of microwave transmitters,

are known to those skilled in the art from EP 1 726 911 A1, among other sources.

While programming during flight is indeed technically possible as a result, it

nevertheless is also subject to simple interference.

The object of the invention is to create a system that allows for optimal programming

with simple construction.

The object is attained through the features of claim 1 and claim 6. Advantageous

embodiments are shown in the dependent claims.

The invention is based on the idea of carrying out the programming inductively and/or

capacitively during the projectile’s passage through the gun barrel or muzzle brake. It is



The utilization of a wavegui de bel ow the cutoff frequency to neasure
the nuzzle velocity of a projectile or the |like is already known from
DE 10 2006 058 375 A. This docunent proposes using the gun barrel or

| aunchayd #h8,@RLPr parts of the nuzzle brake as a vvaveﬂt# prer
wi th a charact er%tl c cross-sectional ghape that has a wiztbﬁl@ery8
good el ectrical conductivity is considered a waveguide. Primarily
square ol tha! %%y ﬁ,ﬁﬂi C

hovxeverﬁ&lg%g opeﬁéétl‘%% © w@te ﬁf{e)?%gt g'%lﬁy ?dr*e ﬁs@gf&oﬁﬁ g&acﬂgﬂ%{g%net‘@ﬂe%"ma
wav eguivivegoitie. is \WONe@tedtéd. 1055 A carries th| s idea further and

conbi nes two net hods of neasuring Vo. The wavegui de is now used not
(only) for the Vo neasurenent, but, in accordance with the invention,
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WO 2011/ 092022PCT/ EP2011/ 000388 5 transm ssion mnmust take place before
the progranm ng, so it has proven to be preferred for the wavegui de
for the progranmng to be affixed to the end of the nmuzzl e brake,

wi th tRgg AfYldoz§at the spacing between the energy traw&%gg,@g@ss

the programmng 1s sufficient to carry,out the progranmm ng
result of the field concentration in t11e wavegui de, |ess supply
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programm n%ﬁ:i.s rm\re resi st ant t@) I nterf rengﬁ. The invention.shall be
expl ai 168 PG 1Me R SNROrpYIs Gt 5t GRS, U £RNFigUcUsryave
dr awi n@gpefdtion, (O cpkritioh$dr & edcpeBl algran: Fig. la programm ng unit,
Fig. 2a process chart for depicting the progranmm ng sequence, Fig.

3an extension of the device with a Vo neasurenent and also with an

ener QVM%@%W&?% %dget%’:ihﬁ&forﬁi the ¥, SHOYS.r8mBRO WAL d ‘Withe Yne or more

programmi ng device 1 e programmtng uni t consi sts of at leas
wav eguingyeguicies wilve guodeinsomge nuss ) iakasplaed | aftes e Meaweasurement. It has

osci 11 I8V STorEh Lpd pirbel Bt R icptnteler B SEEIRC e BloqPgmming
whi ch tfter treauuszé erakd.ormation - e.g., detonation tine - is to be

i npressed during transit through the programming unit 1. The
waveguide 2 in this design can be placed after (viewed in the

ncor porat a0 et saan el SRS cangbe, FARER! o dPterifod Before palor
4; si maftar theoprdjectits Vindbe foase eienegsuremephbefore thevhmjedtie, sthe Sackois taken
I ncor pﬂ{tgta%%éum that the tip of the projectile influences the magnetic field when passing
through the waveguide. [n the case of measurement after the projectile, the essentially
flat or planar surface of the base is exploited, by which means the measurement takes
place independently of the shape of the tip of the projectile. In this process, the base
influences the electromagnetic field. In each case, this change is sensed by a receiving
coupler and supplied to an analysis device. Such a method is known from WO
2009/141055 A1. The distance between a transmitting coupler, which for its part
receives the signals from the oscillator, and the receiving coupler is variable and can be
chosen individually as a function of the mode selection of the waveguide, but depends

on the caliber, the interior dimensions of the waveguide, and the frequency.

Furthermore, the device can be augmented or combined with an energy transmission
system. For programmable ammunition, the projectile must be supplied with energy for
the electronics integrated therein and for starting the detonating train. The transmission
preferably takes place inductively and/or capacitively, to which end the waveguide can
be used. For the energy transmission, a transmitting coupler that is already present, or
an additional transmitting coupler, is used; this coupler applies the requisite energy in
the form of a third frequency to a sensor in the projectile, which in turn charges a

storage device that is electrically connected to the sensor. For its part, the energy



WO 2011/ 092022PCT/ EP2011/ 000388 6 The signal with frequency f1 is
bel ow the cutoff frequency of the rel evant wavegui de node. So that
the programm ng i s i ndependent of the nagnitude of the nuzzle

vel oci tyy %)\ébuﬁobﬁoizr equency should be > 0 Hz. This has tﬁﬂ:f,ﬁ%gb%yémgg
ect

the Vo of slow projectiles as well as f§ast projectiles has no e
on the programm ng. The carrier with the frequency f1 is nodul ated

(18) Wiyt hii&sib rRfsIBiKke acé BEF r@AhRing| @thab Hrova toBEBtAETed
flacé erdipthe i Po) p

tothetransmttlng cou sm tting coup 3 now excltes
or sti riod theegavelgeidedor tlraqmngrmrlgrnms;etothreoafﬁgerétq ihefeirmimftha muzzle brake, with

waveguide 2 e projectile asses. throu t he vequi de

the pr S csyehat e BpBEBbRven taf TR ket Ebionoe i B dfrRing is
capaci suifietied eary bduwibiprégeaiiingng by neans of a receiving coupl er

8 located in the projectile 5. Suitable for this purpose are, for

exanple, a coil on the projectile or shell 5, a dipole incorporated
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t r ansmiaghtielde byoRamedeg ¥ morelrsistanto iterfersiced to the coupler 9 can
be used for testing the programm ng, but is only conditionally

necessary, so that this test could also be omtted. Fig. 2 shows the

Sequen%eofnv%ﬁhén %mremma.heda@e%%nwu%m LA %xéMbHﬂ)‘?rembodlment with

devel opnent programm ng can nbi ne w th an ener

t r ans nidgawiogs aﬂw@tawngﬂ)smgusbﬁtshed refveserntatiosf | ect ed | n F| g. 3.
The frequencies f2 and f3 preferably are |ikew se optim zed for both
the Vo neasurenent and energy transm ssion when the frequency used
for boFiy.tthe regegrammiig anitl t he energy transmi ssion (the same f2 =
f3) is already optinmal. Since the programm ng takes place at a point
intinme after the Vo neasurenent, for exanple by neans of a device

20, angiabt er Dg o8BS Bart fatRRPlciRy Me ?%dﬁ&ﬁﬁﬁn%’%aéu"@nc@ner gy

transm ssion unit 21, the components (couplers) for the neasurement
and WO 2011/092022PCT/ EP2011/ 000388

Fig. 3 an extension of the device with a Vo measurement and also with an energy

transmission device.

Fig. 1 shows a programming unit or programming device 1. The programming unit 1
consists of at least one waveguide 2 or waveguide segment(s), as well as at least a
transmitting coupler 3 that is supplied with a frequency f; by an oscillator 4. The
reference number 5 identifies a projectile into which the requisite information — e.g.,
detonation time — is to be impressed during transit through the programming unit 1. The
waveguide 2 in this design can be placed after (viewed in the direction of firing) a
muzzle brake 6 (if present), or can be incorporated between the muzzle brake 6 and a
gun barrel 7 (see Fig. 4; similar to the device for energy transmission when this is not

incorporated).

The mode of operation, or the method for prcgramming, is as follows:



7 transm ssion should be incorporated into the neasurenent and
progranm ng devi ce ahead of the waveguide 2 for the programmng in
the direction of notion of the projectile. The incorporation of an

additiqg@%(mg@%g&sﬁe 11 between the gun barrel 7 and an ﬁéi}/ﬁ%ﬁszﬁﬂuooosss

nmuzzl e brake been shown to be a proven arrangenent.

wavegui de is a conponent of both the device 20 and the unit 21 in

this design. When the projectile 5 passes through the wavegui de 11,
the nuzzle velocity Vo is neasured in a known manner by neans of the
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ener gy thrdagh haé d\egtider 20@edevjctticld reseivdaitedignbl B a @vhtdcligsd htanner
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' h VWO 2011{ 092022PCT/ EP2011/ 000388 8 i .
Rt hod b P REHihie nd SyFiabal B 36 fis Braetig &) # eracesetin £ B M e that
gun bakaeles(ol)t theweagranimialien (f) propctild6 i iektdnallyeanBecttd o the receiving
progr arggbrr)llgr g'nl t (1), characterized in that

A test signal received by a receiving coupler 9 located in / on the waveguide 2 and
transmitted by a receiving device 10 connected to the coupler 9 can be used for testing
the programming, but is only conditionally necessary, so that this test could also be

omitted. Fig. 2 shows the sequence of this programming in an overview.

[n a further development, the programming can be combined with an energy

transmission and/or a Vo measurement. This is reflected in Fig. 3.

The frequencies f, and 3 preferably are likewise optimized for both the Vo measurement
and energy transmission when the frequency used for both the measurement and the

energy transmission (the same f; = f3) is already optimal.

Since the programming fakes place at a point in time after the Vo measurement, for
example by means of a device 20, and after an energy transmission by means of the

energy transmission unit 21, the components (couplers) for the measurement and



a frequency (fi) generated by a signal generator (4) for the
programm ng is inpressed upon the projectile (5) during its passage,
wherein the information for the programm ng has been nodul ated onto

t he cargieioffifRgyency (f1), and the progranmm ng takes ﬁ]@p&ﬁgﬂfﬂ@wg

passage through a waveguide (2) that i$ operated bel ow the cuto
frequency of the applicable wavegui de node (TE, TM. 2. Method
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the frequency (f1l) can be reflected at the projectile (5) an

anal yz &¥pveguideds soprarsingphigothdhe devise 28 afichibie rnitrd loinghiszlesign.

characterized in that an energy transm ssion to the projectile (5)

can take place in the waveguide (2, 11) by neans of a frequency (f3)

gener atVWderi dhe tpvejestiler gypassesghigghothe aveguitied Bctber niurget eelocity b is
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coupler 13. To this end, the transmitting coupler 12 is supplied with the frequency f, by
a signal generator 22. The receive signal required for the measurement is received by
the receiving coupler 13 and is passed to an analysis unit 16. The muzzle velocity
determined therefrom can be provided to the programming unit 1 and modulated onto

the carrier with the frequency f; via the modulator 18 as an information signal.

For the additional energy transmission, the projectile 5 has a sensor 14 that receives
the signal with the frequency f3 from an additional signal generator 23 and charges a
storage device 15 in the projectile 5. As it flies through, the projectile 5 receives the
requisite amount of energy, so that the storage device 15 is charged after exiting the
waveguide or waveguide segment 11. The same transmitting coupler 12 can be used in
this process, however, for the energy transmission it is preferably supplied by an

additional signal generator 17.

The Vy measurement can be carried out before and/or after the energy transmission.

Both processes are to be carried out before programming, however.



WO 2011/ 092022PCT/ EP2011/ 000388 9 6. Device for progranmng a
projectile (5) during its passage through a gun barrel (2), nuzzle
brake (6), or the like by nmeans of a progranm ng unit (1), having the

f eat ur ego 3J1§,gobgey anming unit (1) conprises at |east ong-PaMR9WM /060388
(2) that can i)e the gun barrel (7), thg nuzzle brake (6) or an

addi tional part between the end of the gun barrel (7) and the start
of the nmuzzle brake (6), or is additionally attached to the end of
the nuzzle brake (6), at |least one transmitting coupler (3) that is
supplied with a frequency (f1) by a Gaimal generator (4), - at |east
one nodul ator (18) in which the information provided for the
projectile (5) is nodul ated onto the carrier frequency (fl1l), and at

| east ane r etathyd fer mrogRdramirBa prajectledspi@thdité basédife Breudtchidup damel
that is electrically connected to a storage device or processor (19)
in the proj &6k i Mezgls) brake (@) ek the clireitg iepns &f n@ 6PTogFRPEMIG rYrdled1),
in that thehgeRtiARd i ler (8) can be a coil on the projectile

(5), a dipole incorporated into/on the projectile (5), and/or a slot
antenna, etc. - afrequency (f;) generated by a signal generator (4) for the programming is

impressed upon the projectile (5) during its passage, wherein the
information for the programming has been modulated onto the carrier
frequency (f1), and

- the programming takes place during passage through a waveguide (2)
that is operated below the cutoff frequency of the applicable waveguide
mode (TE, TM).

2. Method according to claim 1, characterized in that a Vy measurement of the
projectile (5) can take place in the waveguide (2, 11) by means of a frequency
(f1) generated for the measurement, although this measurement takes place

chronologically before the programming.

3. Method according to claim 2, characterized in that the appropriate
electromagnetic field is excited in the waveguide (2, 11), so that the frequency

(f1) can be reflected at the projectile (5) and analyzed.

4. Method according to one of claims 1 through 3, characterized in that an energy
transmission to the projectile (5) can take place in the waveguide (2, 11) by

means of a frequency (f3) generated for the energy transmission.

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

frequencies (f1.3) are > 0 Hz.



8. Device according to claim6 or 7, characterized in that a
receiving coupler (9) and a receiving device (10) connected to the
coupler (9) are additionally incorporated, the signal of which can be

used aswgg(ﬁqﬁgggbﬂnal for testi ng th_e programmi ng. 9. DevtERP2011/000388
according to claim8, characterized imgthat conponents (12, 13, 22,

23) for a Vo nmeasurenent and / or an energy transm ssion, such as

transmg ti nghLAERiRY i oV Sj ' I
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that receives the sjgnal with the frequenc f fromthe signal
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(5). WO 2011/ 09g{2eREbr B2 Qdd/tHePER) 4dd the start of the muzzle brake (6), or is

additionally attached to the end of the muzzle brake (6),

- at least one transmitting coupler (3) that is supplied with a frequency (f)
by a signal generator (4),

- at least one modulator (18) in which the information provided for the
projectile (5) is modulated onto the carrier frequency (f;), and

- at least one receiving coupler (8) incorporated on/in the projectile (5) that
is electrically connected to a storage device or processor (19) in the

projectile (5).

7. Device according to claim 6, characterized in that the receiving coupler (8) can
be a coil on the projectile (5), a dipole incorporated into/on the projectile (5),

andfor a slot antenna, etc.

8. Device according to claim 6 or 7, characterized in that a receiving coupler (9) and
a receiving device (10) connected to the coupler (9) are additionally incorporated,

the signal of which can be used as a test signal for testing the programming.

9. Device according to claim 8, characterized in that components (12, 13, 22, 23)
for a Vo measurement and / or an energy transmission, such as transmitting
couplers (12), receiving couplers (13), and signal generators (22, 23) of a
measurement device (20) and / or an energy transmission unit (21) are
incorporated ahead of the programming device (1), said components furthermore

including a preferably common waveguide (11).
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10.  Device according to claim 9, characterized in that the projectile (5) has a sensor
(14) for the energy transmission that receives the signal with the frequency (f3)
from the signal generator (23) and charges a storage device (15) in the projectile

(5).



22Cscillator for Vo neasurenent frequency f2 23Cscillator for energy
transm ssion frequency f3

WO 2011/092022 » PCT/EP2011/000388
[key for figures:]

Fig. 1:

[column 1, top to bottom]

Information: e.g., detonation time

Test signal
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4 Oscillator for programming carrier with frequency f;

18 Modulation: impression of information onto the carrier

Fig. 2:
Projectile enters waveguide
Projectile programming in the waveguide

Projectile exits waveguide

Fig. 3:
22 Oscillator for Vg measurement frequency f;

23 Oscillator for energy transmission frequency f3



