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antenna for artillery anmunition The invention concerns an antenna @@ zﬁ
forth in the classifying 10 portion of claiml. An antenna of th Fh b
known for receiving satellite navigation information fromUS No 6 098 547 A
in the structural formof a dielectric disc whichis held transversely with
respect to the axis of the systemin the front region of an artillery fuse
and which is netallically coated on both 15 sides and which, for inductive
adj ustnment of its resonance frequency, is provided with electrically
conductive through passages, in parallel relationship with the axis,
between the two netallisations. The adjustnent options afforded by virtue
of that arrangenment however are really limted and are difficult to
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i ntegration options, does not have the desirabl e nechani cal stability in
relation to the accel eration_f cur on the | aunch of a
spin-stabilised item of amﬂﬁlogla(‘)“ﬁe”%g?r %’%@Iqu@ MURIAR ¢ espondi ng manner
to the axial stack, known 25 fromUS No 4 305 078 A, of dielectric discs
whi ch are separated fromeach other by netallisation coatings, for formng
a nul ti-frequency KN @t&£ONCAFREUGN ARt RdsasEY fpatéﬂsésgtthﬁediaﬁﬁéwng
conduct oy of enna cable to a position for connection to the
upper rms%O tﬁﬁ?@ﬁ@éﬁ\'ﬁpé\nth the outer conductor being connected to the
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15 sides and which, for inductive adjustment of its resonance frequency, is
provided with electrically conductive through passages, in parallel
relationship with the axis, between the two metallisations. The adjustment
options afforded by virtue of that arrangement however are really limited
and are difficult to implement in terms of the practical demands. In

20  particular however that antenna structure, either in itself or in terms of the
apparatus integration options, does not have the desirable mechanical
stability in relation to the acceleration forces which occur upon the launch
of a spin-stabilised item of ammunition.

That applies in a corresponding manner to the axial stack, known

25 from US No 4 305 078 A, of dielectric discs which are separated from each
other by metallisation coatings, for forming a multi-frequency siot antenna
through which axially passes the inner conductor of a coaxial antenna cable
to a position for connection to the uppermost metallisation, with the outer
conductor being connected to the oppositely disposed outer metallisation of

30 the layer structure.

WO 99/02936 A2 discloses a droppable bomb which is provided at
the centre of its tail with a sandwich-like or patch-like satellite antenna.
During the dropping movement into the target area, the spherical

characteristic thereof maintains contact with navigational satellites which



control. Such an antenna configuration is however inappropriate for 0 DFC. 700
artillery ammunition. For, the antenna directional characteristic rch 4%
oriented 5 rearwardly fromthe tail antenna approximtely symetrically
with respect to the longitudinal axis of the projectile would be directed,
during the major part of the flight of anitemof artillery amunition
along a nore or less extended ballistic trajectory, only to the hori zon,
initially evedre Rbpeddheviioraun imbréer thenenesgecheohit yacsliag by fimadrplassye.
As a result, {J&ﬁ.'mnuld be 10 a low | evel of probability of being able to
simul taneously detéct in a sufficiently trouble-free manner a nunber of
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consequence of the antenna characteristic which is not circular in cross-
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procedures. first phase of the trajectory, but this is necessary in order to have contact

with a plurality of satellites in a favourable configuration. After passing

through the apogee the tip of an article of ammunition is then directed

20  towards the ground again so that now at best it would be possible to pick
up the very interference-afflicted ground reflections of satellite signals.

In addition, especially in the case of artillery ammunition, in view of
the antenna characteristics which in practice are not ideally spherical in
terms of axis symmetry, there is the problem of rotation for the purposes

25  of spin stabilisation of ballistically launched projectiles or also only for the
purposes of compensating for launch disturbances in the case of propulsion
unit-accelerated and aerodynamically stabilised projectiles. For, the
consequence of fhe antenna characteristic which is not circular in cross-
section is that the signals are modulated in dependence on the rotational

30 movement, and that severely adversely affects evaluation of the items of
information which are thus communicated and therefore gives rise to a
considerable increase in expenditure in terms of signal processing

procedures.



2 e DEC 2005 3 Such rotationally-induced problens certainly occur when, in
accordance with DE 44 01 315 Al, an ungui ded rocket, for GPS-aided? UEC 2005
trajectory correction by transverse thrust which if necessary is to be
triggered in dependence on direction in space, is provided with a plurality
of 5 propul sion units which are strapped t9p the outside peripheral surface
of the rocket body by clanping bands, in which respect at |east one of
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not described in, greater aj h in.. A_trouble-free nox amj .
charact eri st i¢“TE W6t 4 |Jh‘{; (iloe%g @@e@PeHnEP%dsﬁeﬁP%n 'f%;ﬁéf?'id@gl
cl anpi ng bandrajtltaipt esncBOR! bgutRinsQBrseCaRpaaNacRT BbheaBsairyses ith, bey

means of the antenna, it is not items of information fromsatellites (such
as items of pHSBErehHl dependents on difecienraangse narodedMith asplurdify afre

‘o be Di q gy _ e
of infor it i GreRABy PUARSSEREN e st0diged S CROBIRLE WeriiHErel BUREe dr dhfper™
tel enetry semdekst bodygepstiatipomarlyarats, oimbivthdth rreceeut ey least edreyy oft Hidsens.
I n consideration of the aspects set forth hereinbef t he techni cal
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20 sinple, also subseclu_en.t application to rolling artillery ammunition, in
particul ar fd% NOAISEMEhENE senPenexradted frerl siiman reyiyaetde Hampinemendy in

the L- a S I ce with the invention that object is attained
by the ggnbia%ggﬁ%%,cgpggﬁfét%ﬂ?n the main claim of the essential features.

In 25 accordance Qdraperdtle prodlehet arsd efinpy i mieapsi of e egritehed, iintio tdte
ammuni ti on baody ogive with its unscrewabl e head fuse apd thus ﬁ:an even only

subsequent | y ENaBhIIMEIMAYRO IO HAEE RS GUchen kR PT BRSIBOAR! ITREM34MNa|
Pheref ore. far Fons o by ool el il &1 Ft o5, Prrer S a ITesered™® 30
towards the bBwsed wher eadnioition, ghet - fatbgueificjters eofetinipromiiami @t iten be
15 communicated from the ammunition by means of telemetry senders to
geostationary or orbital receiving or relay stations.

In consideration of the aspects set forth hereinbefore, the technical
object of the present invention is to provide a very high-frequency antenna
which is suitable in terms of its mechanical and electrical properties for

20 simple, also subsequent application to rolling artillery ammunition, in
particular for satellite communication including navigation and telemetry in
the L- and S-band.

In accordance with the invention that object is attained by the
combination, recited in the main claim, of the essential features. In

25 accordance therewith the slot antenna is again integrated into the
ammunition body ogive with its unscrewable head fuse and thus can even
only subsequently be applied without problem to the ammunition body. The
axial position of the antenna depends on the frequency-dependent diameter
and therefore, for receiving navigational satellites, it is displaced further

30 towards the base, whereas for higher-frequency telemetry communication
it is displaced further towards the tip of the fuse. The outer opening of the
slot is disposed radially directly behind a slot which extends peripherally in

the conical peripheral surface of the fuse. Then, extending therealong is an



it is displaced further towards the tip of the fuse. The outer opening of
the slot is disposed radially directly behind a slot which exte
peripherally in the conical peripheral surface of the fuse. Then, Q,'g(ljt AT ng
therealong is an 2 9 DEC 20C5 4 antenna characteristic which is toric in an
axial symetrical configuration so that, hn spite of rotation about the

| ongi tudinal axis of the ammunition, there is always a segnent of a | evel
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| ongi tudi nal & SgMpts central plane or "its plane of symetry, so that
here it is possi bIe to insert aring disc of a material which is as poor a
conductor of el ec“fine @ntgnraaslqoagaunbhetl*@nﬁbrvm%b dias-shapeddrdased aktegroetyri c
const ant beln t|n ul by low dielectric | osses and. high creep
current 1Pe5|asct Opn%é:'b% grﬁa\yrvjv‘ﬂ‘\f%f?téﬂﬁté‘ﬁﬁyc%rﬁ(ﬂmtsg?'ppemﬁffﬂ gurqeidkéaaﬁ.?e
fluorine 20 bﬁl@hlangemiatﬁﬁrrlrlﬁTHEaMD@FWrﬂtlﬁa§|d¢ﬂt@ﬁﬁrib’l«@dhebesp&4&t &b the cone
avai l able on the nmarket under trade nanmes such as Teflon, Fluon or

Host af | on. Bya%aﬁfsd drhichhepeitoiapeosite nat @ingricahdetifeoai Wahsiihi dgadialthat
ring disc, %%ﬂﬂ?%te%ﬂ@sffma eéSEﬁﬁt{aguﬁr)ée peRBrPATR A £2lof dh BRRHEONS

of the ring 0 subsequent iy p055|b%e to e
el ectrical fiafetheedosmanteetnimg redpa2droisf dNI@e(dutparﬁv&rgelvertQat@nGCt do the
art .from.the actua | anber, .the

whi ch gobs 1 HarGLpaIel B Ui RS O e rony Y MarelMacd e e
filled, nore ispepbksiord ty iMderd acohd Aisibf ehmexdeadshich is as poor a conductor
of electricity as possible and which has an increased dielectric constant,
being distinguished by low dielectric losses and high creep current
resistance, independently of frequency and temperature, like the fluorine-
20  bearing polymer PTFE (polytetrafluoroethylene) which is available on the
market under trade names such as Teflon, Fluon or Hostaflon. By means of
the choice of material and the dimensioning of that ring disc, in accordance
with the presetting of the geometrical dimensions of the ring chamber, it is
also subsequently readily possible to effect electrical fine resonance tuning
25 to for example a given satellite frequency. Preferably, apart from the actual
ring chamber, the antenna slot which goes therearound extending radially
therefrom is dielectrically filled, more specifically by a collar which extends
flange-like in @ peripheral configuration at the outside on the ring disc and
which extends radially as far as the peripheral surface of the cone of the
30 fuse.
Wiring of the antenna is effected by way of a two-wire antenna cable
connected to at least two locations, which are disposed axially one in front

of the other, of the inside edges of the siot. In order to produce an



flange-like in a peripheral configuration at the outside on the ring disc
and which extends radially as far as the peripheral surface of the;cone 5
the 30 fuse, Wring of the antenna is effected by way of a two-wire antenna
cable connected to at |east two | ocations, which are disposed axially one
in front of the other, of the inside edges of the slot. In order to produce
an 29 DEC 7005 5 orthogonal di pol e structure, four such connecting
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i nvention provides a slot antenna which can be tuned without difficulty and

whi ch can be ¥@pfacdised t'@n@é@ﬁaﬂu@‘aaﬁp o8t cemial oG Fyshe rorenna auek o

artilleryrg am"@i’l@%&é@d"re@%ﬁ?ﬁ e fugesandwi ch structure in which an axially
di vi ded resona ring c er aX|aIIy encl osed between upper and | ower

metal |l ic cover di s&bk gmyokivked the tuefenslbanbbeowdes easrsdm:t aofergtmpehich scgr da ded
with a

with a dielectric ri i s¢ . which ete per.i raIIy extend
col l ar radi al {4§ Spﬁ&'gﬁ?@: cﬁg'céiétﬁt & CI ndPc i€ rt g‘& Qe Y fﬁjﬁ’ an
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chamber to the outer surface of the fuse 15 casi ng which is
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be inserted int outéer "wal connectlng
| ocati ons whi stlabér endrrespleateﬁ st&dapaél ssepwv;dadhwwhherdiehectthe ripgr disbewalch
direction are contacted throu edlelectrlc rin c and I:the 20 aX|aL
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to an antenna line, the second phase 6f which 1s connected directly to the

cover disc adfireirical herside wamd@fttftﬂmhgdmﬁ@nl@qwmme autert sufaeg of e fusss
and advathagegaS%g wn'ﬁch is also peripherally slit. In one of the two cover discs the inner

edge of the antenna slot which opens into the ring space is defined by a
hoop which can be inserted into the front side of the outer wall and on
which connecting locations which are displaced relative to each other in the
peripheral direction are contacted through the dielectric ring disc and the
20  axially oppositely disposed cover disc to a circuit carrier disc, whereupon
they are brought together in single-phase manner by means of a matching
network to an antenna line, the second phase of which is connected directly
to the cover disc adjacent thereto.
Additional developments and further features and advantages of the
25 invention are set forth in the further claims and the description hereinafter
of a preferred embodiment of the structure according to the invention,
which is diagrammatically shown in the drawing, being limited to what is
essential, in somewhat abstracted form but approximately true to scale. In
the drawing:
30 Figure 1 is an isometric view of the fuse which can be applied to an
item of artillery ammunition, with its antenna slot which in this embodiment
is disposed between half the axial height and the base plane of the fuse and

is filled with dielectric material,



25 invention are set forth in the further clains and the descripti?@ £C 7805
hereinafter of a preferred enbodi nent of the structure according oﬂthe
invention, which is diagrammtically shown in the drawing, being limted to
what is essential, in sonmewhat abstracted form but approxinmately true to
scale, In the drawing: 30 Figure 1 is angi sonetric view of the fuse which
can be applied to an itemof artillery ammunition, with its antenna_ sl ot
which in this enmbb@iuiend isiss viiveposée bernmesnofhanfexmedasiiustiatigntofakite t he
base plane o f and__.Ls. Tl it h di CLII Lal, 2005
o Fi ure 2 PRty KRR Bl derhBls MR B e BeBs o flsgens

ant enna whi chhownaxiFadne t) amped between the tip and the base of a fuse as

shown in Figure 1_ and Figure 3 is a viewin the manner of an expl oded
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Figure 2.5 Thend hfa‘rﬂ'?(%( %énéﬂ%s%rﬂcﬁlrg%f%% a*r?tehﬂéed‘fqiﬂguféﬁozbe screwed by
means of a screwthread (not shown) 1n front of the coniCally tapering front

end of a spin-stabhkiseatl dusadrlodpoam talFigurst hbis| intetded ém bé swreweddry
ammunition. Lt is vi ded. . w t n,antenna sl ot 13 which.extends radially 10
Chrough s G198 P2 SaimarEaed SRt Ber ot her &7 sin oG VERDRr T By
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peri pheral surface, which adjoins it axially on both _sides, of the wall 12.
Di sposed in PFBAENGION: HE If &IPHidesl wid oh amienspotond’ whigh pytensisseapialtnar ds
the tipaf thgUGRNks %ﬁéﬁtl%y’ca‘?ﬁb%% Eb’ﬁé’wﬂf%2"9%?’@9F&%d,°fhe1fglot 13 Tbeinr_:]

el ectronechani cal'l y operative safety and triggering devices of the fuse 11
and opt i onal fillecewdtty hefiectrid ymapenialt ivhachhr tdammigatiesy i fesh fwithr dbeicoutpidde

| ength of the_traiector as descriibed i.n_the present applicagnis'  earlier
application ﬂsrlﬁégra‘éf%{%ﬁ% %&%9?@%@&7‘85@?%95 ??%1 \?/%%éh c%e’%heer é’\\f@ellks
made herein Disgoegeat froht bhehbulddigiopiastoft gy el 13, Pl By tthaa?ls
present disclosure of the invention in terns of a preferred situation of use

of the slot H edifa) of DitBposeanbeRpid the Phdthe JHaRe &fetHBESNRICAl, Of hat
I'S 15  electromechanicaily operative safety and triggering devices of the fuse 11

and optionally aerodynamically operative braking devices for reducing the
length of the trajectory, as described in the present applicants’ earlier
application No 199 57 363.8 of 29th November 1999 (to which reference is
made herein in respect of the full content thereof to supplement the
20 present disclosure of the invention in terms of a preferred situation of use
of the slot antenna). Disposed behind the radial piane of the slot 13, that is
to say towards the base of the rear part 16 of the fuse, are electrical
circuits for antenna amplification and signal processing of the
electromagnetic energy which is received or radiated by way of the siot 13
25 in the very high frequency spectrum.

As diagrammatically shown in Figure 2 the front part 15 of the fuse
and the rear part 16 of the fuse are connected together with the axial
interposition of the .antenna 17 which can withstand extremely high
mechanical loadings, by means of clamping screws 19 which extend parallel

30 to the longitudinal axis 18 of the fuse and which extend through the
antenna 17. A flexible antenna line 20 of coaxial cross-section leads to the
antenna amplifier (not shown) disposed in the rear part 16 of the fuse. In

the case of a receiving antenna this involves a pre-amplifier upstream of



to say towards the base of the rear part 16 of the fuse, are electrical
circuits for antenna anplification and signal processing of the 79 DEC 2005
el ectromagneti c energy which is received or radiated by way of the slot 13
25 in the very high frequency spectrum As diagrammtically shown in Figure
2 the front part 15 of the fuse and the rear part 16 of the fuse are
connected together with the axial interposition of the antenna 17 which can
wi t hst and extheemetgivéi gh sigeahpniaakingatcnigsandyn mbensass of lat@Ensitinews
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rear part 16 of the fuse. In the case of a receiving antenna thjis involves
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bat t fflux fl ‘ator) is installed in, th i on of . th
pase of the AP haPRUeIBRL L né | GRESIrAEteR 110 o SUGAVEPONY hEBYSi o0t ew

in Figure 3 tddtoriNg HOW éé}ﬂ{)@héﬁts.SWBQBSW%ﬂQaCé%pir%e@’EWérM@Eﬁé’nithl‘fl
y
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manner, and eotekibaklly ewermdtdcal préfihirc blate-likespesedr] antre nogipblivies disc

direction oriented towards the rear art 16 of the fuse and which is al so
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plate-like mpapeis-ofie filkel Bha WARSE RYalks dRY Hall@HAEBpEsHMYRAIrdtAtibKAINpartS
for handling reasons for the connection of the antenna |ine. Each of those

two di scs 23spamhelsical peefileatordftgurpbianng plateriike manner f-obwl o7 thiskeese by
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configuration ween
of the antenna line. Each of those two discs 23-24 has a central stiffening

means in the form of a base portion 25 which protrudes axially from the

bottom 26 of the cup configuration between the walis 24 and 31

respectively. By virtue of that arrangement, defined radially between those

20 base portions 25 and the hollow-cylindrical walls 27, 31 which extend

peripherally at a spacing in relation thereto and axially between the

bottoms 26 is a resonator ring chamber 28 which is approximately centrally

divided transversely with respect to the longitudinal axis 18, insofar as,

with axially mutually spaced end edges of the walls 27-31, the plate-

25 shaped upper disc 23 bears with its base portion in electrically conductive

relationship as it is flat thereagainst, axially against the face of the base

portion 25 in the also plate-shaped lower disc 24. The axially mutually

spaced end edges of the walls 27-31 define as between them, in radially

opposite relationship to the cylindrical reflector wall of the base portion 25,

30 the actual antenna slot 13" which extends radially from the ring chamber
28.

As therefore that ring chamber 28 is axially divided, a ring disc 29 of

dielectric material can be inserted therein prior to fitting of the upper disc



respectively. By virtue of that arrangenent, defined radially bet V\Aé%n%[[ hose
20 base portions 25 and the hollowcylindrical walls 27, 31 which t E1val200
peripherally at a spacing in relation thereto and axially between the
bottonms 26 is a resonator ring chanber 28 which is approximately centrally
divided transversely with respect to the Igngitudinal axis 18, insofar as,
with axially mutual ly spaced end edges of the walls 27-31, the plate 25
shaped upper 28, sth@didzeadshad bh etterbaibe rpdially operiphealdgtaiteating colletudi ve
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towards the front part 15 of the fuse, the antenna 17 is fitted with a
dielectric disc 32. That serves as a wiring carrier for the linking network
between four mutually orthogonal connections to the inward end, which is
towards the ring chamber 28, of the antenna slot 13'. For that purpose,
20 four coaxial conductor portions 33 are anchored in parallel relationship with
the longitudinal axis 18 of the system on the disc 32 at the corners of a
notional square. The inner conductors pass through the annular disc 29 in
order finally to end at a narrow electrically conductive hoop 35. The outer
conductors are conductively connected to the upper disc 23 and to the
25 underside of the circuit carrier disc 32. It is a component part of the two-
part lower disc 23 and can be inserted into an end opening in the wall 31
thereof in such a way that it defines the rearward inner edge of the slot 13'
which opens towards the annular chamber 28. Firstly however the inner
conductor of the coaxial antenna line 20 is connected to that edge of the
30 slot in the form of the hoop 35 when it is still removed from the lower disc
24, more specifically by way of the network provided on the circuit carrier
disc 33, for bringing the four contact points which are respectively

dispiaced relative to each other through 90° together at the peripherally
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to the outer conductor of 'the antenna line 20 Is effected 10 by the coaxi al
pl ug socket 3¥ therfushewdlit pldja |ine 20, the ring disc 29 and the lower disc
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3 and which is already in itself mechanically extremely stable, is axially
braced together by means of screws 38 coaxially between the antenna
lower disc 24 and upper disc 23, with the interposition of the collar 30
which engages radially through the hollow-cylindrical walls 26, 31, and as a

20  result it is additionally torsionally stiff. Posts 39 which are mounted on at
least one of the bottom base portions 25 and which extend through the ring
disc 29 into the axially opposite disc 23 and 24 respectively serve as an
assembly aid when the components are axially brought together and
thereafter serves as a means for preventing relative rotational movement

25 as between the upper disc 23 and the lower disc 24, that is to say serve to
carry spin-induced rotational forces between those two parts of the cavity

resonator of the slot antenna 17.
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2. An antenna according to the preceding claim characterised in that
the collar (30) terminates flush with the outside surface of the peripherally
slit (13) fuse wall (12).

3. An antenna according to one of the preceding claims characterised
in that the ring chamber (28) is provided between shallowly cup-shaped
metallic discs (23-24) which are axially supported relative to each other
over a large area with central base portions (25) protruding fromf the
bottoms (26) of the discs, with an axial distance between their wails (27-
31) which extend peripherally one in front of the other.

4. An antenna according to one of the preceding claims characterised
in that it is provided with a circuit carrier disc (32) which has a network for
bringing together a plurality of connecting locations disposed along an inner

edge of the slot (13') to a wire of an antenna line (20).

5. An antenna according to the preceding claim characterised in that

the inner edge of the slot (13") is given by a hoop (35) which is inserted at
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the ring chanber n antenna according to the two preceding cl al ns
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(23 or 24), disposed. therebehind, of the ring chanber (28). 7. An antenna
according to therebgpind, H<heding chpmbeas (@8aracterised in that the ring
chanmber cover disc (23 or 24), outside which the circuit carrier disc (32)
is arranged, is provided for the connection of an antenna Iline (20) with a
pl ug socket (36) whi &n Estermmecd:ce"dirig] tgithgl hreelprenrdingrclainos cheragedsedi sc

(23 or 24 respegtiy and, in sin - pal e ner the. network.on th
circuit carri gr}%h Egll'n%/ ﬂg (flhéﬁrb%eé'dg %rpggéh 2&5) outside whlcﬁkthe aircdit
carrier disc (32) is arranged, is provided for the connection of an antenna
line (20) with a plug socket (36) which is connected in single-pole manner
to the cover disc (23 or 24 respectively) and in single-pole manner to the

network on the circuit carrier disc (32) disposed therebehind.



