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1 A PROJECTI LE OR WAR- HEAD BACKGROUND OF THE | NVENTI ON The invention
“relates to projectiles or war-heads to fight targets, _in particular
arnmoured targets, with an inner arrangenent for the dynam c formation of
bul gi ng zones and for achieving large lateral ef fB@tSbeetHasBam Replicey i ty of

fields of application for projectiles angl war- head IE" ﬂwe5| rabI e,

In addition to the denmanded penetrati ng power, ghest
possi bl e effect over area (lateral effect) for | ncrea5| n ficiency.
This i s rReRieekile ¢avaxhi®ad in the case of projectiles against flying
targets such as fixed wing aircraft, unarnoured helicopters or other
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way to otf Fuct ures such as®ships, for exanple. al'so”in respect of
ar mur-plﬁtlﬁ@%ﬁ%}@ﬁ:tla&eo’#aﬂfﬁ@i REEAGER ng power, which nust be

achieved with increasingly slenderer and | onger penetrators, securing a
sufficient lateral effect during the tar enetratjon i.n t t ar get
interior 8 & PFEAEasPABYi mpt e et Tﬁggi E@Eﬁ??erﬁé‘?ﬁsp&?ﬁl tﬂgﬁ“T g
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Pur suant avpe&er(iatcPail. eftfedd 25054 iBRre@bingsotie i @rffnslpnqwoséEi}lSinS
means of %ﬁ&f &4 '1@”3)\5%5%1%& the laheralagdfest QrdielRlinesenggdynst

projectiles s achieve _ '
flying targets such as fixed-wing aircraft, unarmoured
helicopters or missiles, which from a terminal-ballistic

viewpoint belong to the easier target classes.

In this field, however, so-called "hardened" objects are
appearing increasingly, so that in addition to the high lateral
effects in some cases also high penetration powers are
demanded. The same applies in a comparable way to other
structures such as ships, for example. But also in respect of
armour-piercing projectiles of high penetration power, which
must be achieved with increasingly slender and 1long
penetrators, ensuring a sufficient lateral effect during the
target penetration or in the target interior is of increasing
importance. These requirements apply both to cannon-launched
kinetic energy projectiles (KE projectiles) and to warheads
with KE effective bodies or so-called hybrid projectiles made
of KE effective bodies and hollow charges.

Pursuant to DE 25 54 600 Cl a solution is proposed, by means of
which an improvement of the lateral effect of kinetic energy
projectiles is achieved in that by way of a forward core, which
conically tapers in its rear end, the said conical end is
delayed on impact and in the subsequent penetration process and
is thus pushed in between the prefabricated subprojectiles
which are located in the rear multi-part core and accelerates
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2 such a way that by way of a forward core, wieh—eontecattytapers inits

“rear end, the said conical end is del ayed on inpact and the subsequent
penetration process and is pushed in between tﬁ@m heef Has BeenReplac
subprojectiles which are |located in the rear,
accelerates the sane radially either |nn§d|ately a defornable
transition piece. The function of this constructively sophisticated
solution was proved both in spin-stabilized and aerodynam cally stabilized
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penetrating power of such projectiles decreases drastically, so that they
are only useful for a limted spectrumof applications. Such solutions are
parti cul afFdy kies pﬁiﬁpcm;eanbfi rdhiieviage Dhctdaswdr lhaegals,efifectis atests
applies t t I It EP
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inserted which is anchored at Its rear In the rear
prOJectllﬁﬁ%mﬁ%?aﬂ%u%? APRreeehesecRa ﬁﬁl§t1°nsr however, d° not lead to

very large fragmentation cone angles in comparison with the

usual penetrators. The possibilities concerning construction
and materials are severely limited in this case too. Moreover,
such solutions are preferably suitable for spin-stabilized
projectiles only. Furthermore, the penetration power of such
projectiles decreases drastically, so that they are only useful
for a limited range of applications. Such solutions are less
effective particularly in the case of thinner targets, and also
in the case of structured targets (multi-plate targets).

In EP 0 343 389 Al the projectile core of a discarding sabot
projectile is described which consists of a relatively brittle
central portion of the projectile core in which a relatively
ductile projectile-core rod is inserted which is anchored at
its rear end in the tail portion of the projectile'core and at
its front end in a nose of the projectile core. For the brittle
middle portion of the projectile core a frangible tungsten is
preferably proposed, whereas the projectile-core rod consists
of a ductile tungsten, hard metal or any other material with a
terminal-ballistic effect. The relatively brittle middle
portion of the projectile core already disintegrates during the
penetration of the first target plate of a multi-layer armour-
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tip of the projectile core. For the brittle niddfe—porrfon_of —“the—

“projectile core frangible tungsten is preferably mhereas t he
projectile core pin consists of a ductile tungst any ot her
termnal-ballistically effective material. The relﬂ l, mddle

portion of the projectile core already djsintegrat
penetration of the first target plate of "a nulti-I|ayer arnnur-platlng
whereas the ductile projectile core pin does not fragment during the
penet r at i DFApiREes Whexfgas ndthand dirtddssi waroy e;%ﬁéﬁr‘&?é§ t K&df oPPEHi nBOt
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projectile which is for roma k ctile case wt materital o
density a®Efect or k&ed AeRsibiesem o1t ehdsHelraméddar ireTRiem ©Ofe the

di si nt egrgtdfwcefld heops opaat iche mlqrémﬁfof&ﬂlqré%ﬂey Méd hatdenbglpyof
a preten3|oned heav nat er ) Iocgte g ggocket hoIe@Bn the rear
Dart of | THIE phentA | B gh et Ao thh ST ESohyet| e nEraqRentes 4b: GrEb TahgeRen
powder i swptlopas geerast xardsres o€d riﬁultti-rr@ymi ethdfet Tholaatd ulsortHus asot
ineffectgaf J{hé&”n targets as In deep targets. It is also inpossible to

achi eve ernlna1-balllst|cally effective conpression in a constructional
manner ow ng to the powdery filling material.

WO 92/15836 Al discloses a spin-stabilized armour-piercing

fragmentation projectile which is formed from a projectile case
with a high—density material and a forward head element of the
same material, in which the disintegration of the projectile
case occurs mechanically with the help of a prestressed heavy
material located in a pocket hole in the tail portion of the
projectile case and of a pre-notch in the case structure.
Tungsten powder 1is proposed as compressed filling material.
This solution is as ineffective in relatively thin targets as
in deep targets. It is also constructionally impossible to
achieve a compression with a terminal-ballistic effect owing to
the pulverulent filling material.

EP 0 238 818 Al describes a spin-stabilized discarding sabot
projectile which consists of a hollow fragmentation Jjacket
which is closed at the rear and front and a projectile nose
attached thereto. An inert powder with a density of not less
than 10 g/cm3 is proposed as filling material. The fragmentation
Jacket is provided with predetermined breaking points which
determine the size of the individual fragments. The
fragmentation jacket is to fragment after the penetration of
the projectile and disintegrate into individual effective
fragments. The pulverulent filling made of tungsten is expelled
after the penetration owing to the rotation of the projectile.
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European Pat. No. EP O 238 818 Al describes a spin-stabili zem‘m—rrg

'sabot projectile which consists of a hollow fragment pasq h&QH ch Is closed
at’ the back and front and a projectile tip attached th @d
powder with a density of not Iess than 10 glcnB is pro grrent
casing is provided with predeterm ned brgaking points e the

size of the individual splinters. The fragnment casing is to fragrrent after

the penetration of the projectile and break down into individual effective
splinters® high pbAERFFL f ¢ n@l%%aqi?%‘hﬂimg%%% #epeh cefERChT FaRNPREPE
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bal listic effects. A fufther fragmentation principle for achi evin
| ateral €A% &%P%%Sbv%ﬁ%%dlmﬁe%wgbe%mm%x i Whtl Jﬁﬂ%l@mlsgté?mﬁhtwém

reactive jfteldd$ & r@nNgestly prdicd t@rnitda-pehilgRtieaetrgeeltan cal ly
thermally with air and water when the arnour-piercing anmunition collides

with an object. It is obviously intended in this case to produce a "quasi"
expl osi oA arfthrilve ngisfih¢egrhyibhe ppencible eafr orobfieviiegnenal 1sbeaslto

achi eve £t qng; Ladi-al degt YCHNE [RIKfed publication (JP 08061898 A)
in which a reactive metal is arranged in a metal cylinder which
reacts thermochemically with air and water when the armour-.
piercing munition collides with an object. It is obviously
intended in this case to produce a " quasi" explosive and
incendiary effect by the special reaction of the metal so as to

achieve a strong radial destructive force.

A non-armour-piercing method to achieve an increased lateral
effect with a projectile after impacting or penetration of a
target is known from DE 28 39 372 Al in which a projectile is
proposed for hunting purposes which consists of a massive
projectile jacket which is provided with a central pocket hole
extending from the front to the rear in which a filling,
preferably made of lead, with hollow spaces, is introduced. in
this design the heavier material is located in the interior of
the surrounding case and causes a mushrooming of the forward
projectile part during the penetration of the soft target body.
In this way the projectile is able to transmit its energy to
the body of the hunted game in an intended and increased manner
and achieve a higher spreading effect. A lateral disintegration
of the projectile body or a lateral fragmentation effect is not
intended, and indeed is even undesirable. A similar effect is
achieved with the prohibited dum-dum principle against persons.

With respect to solutions provided for armour-piercing




A non-arnour-piercing nethod to achieve an increased |lateral effect with a
*projectile after the inpact on or penetration of a takhijSheet HasBa@wa thde®M
Gérman Pat No. DE 2839372A, in which a projectile is p nting
pur poses which consists of a nassive projectile casing ”, &Qed
with a central pocket hole extending frogpthe front to ich a
filling, preferably nade fromlead, with cavities is i nt][odﬁced.nbl nthis
design the heavier material .is located in the interior of the anbient
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ar nour - piRP¥¥Hg projectiles with high penetration power which nust be
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which is t PPweert hduring the launch acceleration and the flying

phase. The projectile, which impacts the target at a very high
velocity, achieves its high depth effect because in the
hyperspeed range the strength of the material of the penetrator
no longer or only insignificantly influences the penetration
power. At lower velocities the depth power thus greatly
decreases. The lateral effect is imperceptibly low. These
projectiles are known as so-called segmented penetrators.

In US 5,440,995 a heavy-metal penetrator is presented which is
composed of tungsten whiskers. In the <case of common
penetrators made of polycrystalline tungsten heavy metal, a
plastic or hydrodynamic head (mushroom) forms during the
penetration of an armoured target, which head influences or
reduces the penetration depth power. The proposed penetrator
concept is intended to prevent this head formation and thus to
increase the depth power. The principle is therefore solely
aimed at the achievement of the highest possible depth power. A
lateral effect is not provided.

A subcalibre kinetic energy projectile with a high length/
diameter ratio and a hybrid construction is disclosed in
EP 0 111 712 Al which @essentially consists of a main,
intermediate and nose body. The intermediate body, consisting
of a brittle high-density sintered material such as tungsten or
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target at a very high speed, achieves its high depth effect because in the
*hyper speed range the strength of the material of the penetrator no | onger
or only hardly influences the penetration power. At |ower speeds the depth
power thus decreases strongly. The lateral effect is marginally | ow. These
projectiles are known as so-called segnepted penetrators. In US Pat. No.
5,440,995 a heavy netal penetrator is presented which is conposed of
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e

densi ty sHEFPHICIAR BIOYr SED| dCec TRPaRTuMNS PEBRHERE LN FRam
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side wt L.p.b I [N pl an ut.ti-ng jQain ea, Wth both the
mai n bod;s %ér}ﬁ Hﬁget :%g%b%d:flo%éesfen%s f %ﬁng)d%?lrc&klg téec_%acﬁ’gﬁé §Pnt%r85eﬁ*ﬁ?§?i al
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i nternedi ate, body ar€ to w den, the | [ '
design and the low differences in density between the brittle

and tenacious sintered materials, as the brittle intermediate
body is compressed on impact in the axial direction by the nose
body and main body and, together with these two ballistically
highly effective masses, is driven purely axially through the
penetration channel. '

A further development of the invention as discussed above
according to EP 0 111 712 Al is described in DE 33 39 078 Al in
which the connection between the Dbrittle high-density
intermediate body and the ductile main body also of high
density, or the same density, or the brittle intermediate body
per se, is stabilized by a high-strength thin case. Although
this causes an improvement of the stability of the KE
projectile during the launching and the flying phase, it does
not, however, change anything with respect to the terminal-
ballistic mode of action as compared with the invention
pursuant to EP 0 111 712 Al.

From the state of the art as discussed above one can derive
that to date practically no solutions, and particularly no
simple ones, are known for an armour-piercing projectile where
a high lateral affect is achieved in different targets in
conjunction with an adequate depth power.
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penetration crater and cause a strong bl asting etteCt after tt fi.s
*target ,plate. Such free buffer |ayers principally ressure-
and performance-reduci ng way. The splintering effe hee @ed bot h
locally as well as laterally owing to the design a I ferences in
density between the brittle and tenacioug sintered the
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ef fect |eve erent targets in conjunction with an adequate
depth effect |s further known that by using gl ass bodies whi ch are
encl osed 1982 PI &S SHEC LYY ELR 3¢l 2330 et Al oP" BbeEhi £ES
it is possi }It;o aac ifeve :fncreasecgi f[ngraa ects sfl'%se effects are
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consi der aidrecendirgg | dheof tiramspdnetibat | 06 depides, such as during the

acceleration phase of the projectiles or missiles. The
technical problems with the introduction of glass into the
corresponding hollow spaces of a projectile body are an
example. In prefabricated glass bodies the constructional
possibilities for wuse are  severely 1limited. Moreover, the
configuration of the contact surfaces with the surrounding
(enveloping) bodies requires considerable technical efforts.
Furthermore, glass and ceramics are limited to a certain
density range.

In the case of the introduction of glass by way of casting,
which means that ceramics can in principle be omitted owing to
the extremely high sintering temperatures required, stresses in
the glass body per se would have to be expected as a result of
the cooling process even if a perfect casting-in could be
achieved. These stresses may in some cases also have a negative
effect on the surrounding bodies. Moreover, as was already
mentioned above, contact problems arise at the transition
surfaces between the medium and the parts surrounding this
medium. But even during the casting-in of glass, temperatures
occur which in many cases would lead to impermissible changes
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REPLACEMENT SHEET 7 Any application of brittle materials such as glass or
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during the accel eration phase of the projectiles a or exanpl e.
The technical problens in the introduction of glass into the respective
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probl ens would arise on the transition surfaces between the nmedi um and the
parts enct‘@sim@rrﬁdihi‘% meﬁhumtrwt (F\taﬁcduGélﬂgalhhedm&ﬂmﬁ:é)f_gh_éﬁléinaﬁter
t enperatures occur ich i ny._cases uld.ead to i r | changes
inn{)he anb? %’fr?fgt &F aFE. %r}.goéép,erflﬁe? 2 5 fpfﬂ‘éécgggr%%lsemaﬁar?ﬂggct-
sensi ti vehaneg ebeehs pescfomhethn Thl Wpsaciribendesti im itheise rmtpemmslar yto
with the @ééﬁfegi‘ﬁa%?gﬁg:h%h% RV P ESTH Cpl OEBT abRE T 1 dNe | BeEDEE -

sense of a polydirect] _ o
carrying medium and whether in the case of a positive answer to

this question it could be assumed, analogously to the
protective technology, that the glass content (resin content)
or the hardness of the GRP material, for example, are relevant
for the operativeness and that consequently with special highly
filled varieties it is possible to achieve a disintegration
factor comparable to pure glass. It was also proposed to verify
in principle the previously presumed "glass effect" by varying
the resin content. ’

The experiments confirmed that with glass fibre-reinforced
materials with a high proportion of glass (a proportion of
approx. 80% by weight) terminal-ballistic effects can be
achieved which correspond to those of pure glass as working
medium. These first experiments also led to the result,
however, that with materials which possess a considerably lower
proportion of glass it is possible to achieve in a surprising
manner corresponding or even considerably higher lateral
effects. The further considerations arising from this and the
experiments additionally proposed to the ISL and performed
there led to the finding that the effects originally described
in connection with glass are obviously not so crucial for the
increased lateral effects observed in this connection.

According to the latest findings it is, rather, important to
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or hydrostatic pressure), to transmt any techni ca.h?.s reRs aqgceﬁs hus
*forces.(tension and shearing forces), worth nentio n the
Ger mano- French Institute (hereinafter referred to ai i ments

with provided glass fibre reinforced plastic materi rmed. It
was intended to test primarily whether glpass coul d be replaced as the
bearer of the effect and whether in the case of a positive answer to this

guestion jt. could be assunged,, anal ogously to th r.ot-ect ed chnol ogy, . t hat
the gl assiREFRUHE (TRES N3 BORY D TR IRUIEEE 1 THEG 28 LhbPe
rei nforcesl dasd i enatt epifal a featexdapl evhidle Malsevant téemihhd-ballistic
operativepe t hat censequently with _spegiall. Lghly fLlled

assort nen?asg%@lcsjt%o?gi bl & %%lcrllﬂﬁ e{}lsdéu?lr ag ?ﬁeajtsﬁarognt%fracfg#eﬁﬁﬁ%artfnl %t o
pure gl asEM) |t whichas shiaws prbposkel t copprassphlilytyer iag t hogsesderis| §

pr esuned &bﬁgfa " ch kLAg.,t h esd el he exper i ts,
confi rrredct at V\A@{f @g}fasg&fyi bra%gr%gig?{f o(r%cf{adsﬂrﬁraktnglﬁga sIHav%A'lt-Eh%aﬁﬁi Sé]évg ar el%f

gl ass (a Bakalelen &gprekes@aunl weffactiver Mogklesbal Thet isamsf f Batyradhybe

achi eved ghé&happntespanf tRet RRASR QfhdrK etfbash ass WabkhRedBsH t4BenNgge
first experinents led.,to the res however, that with nmaterials which

I't, ho :
conpri se A chsPARY aBiyh S X «ga&fllélt&é’s shfsctiygasssi &1 acherBIEALn a
sur pri si ngem@tweetor especti ve or even consi derably higher |ateral effects.
The thus resulting further considerations and the experinments thus
additionally proposed to the |ISL and perforned there led to the finding
t hat the Bi¢ ebexninahilval listiss powed ¢f) annetfecoivel bddyl assdatermined
obvi ousl y; vanat t L ncr ‘ r fe V '
P s oniory So T oeker oF i Te RappOF (PRFOLERLE  Thofhi °Eb60 DTEY B 16s
i nt r oduc RN ECHodPXPRIEeHi epd its density, and 1in the wupper

velocity range (above 1000 m/s) increasingly by its density.

In the thesis "Das Verhalten von Kupferstiften beim Auftreffen
auf verschiedene Werkstoffe mit Geschwindigkeiten zwischen 50
m/s und 1650 m/s [The behaviour of copper pins on impacting
various materials at velocities between 50 m/s and 1650 m/s]"
by Dipl.-Ing. Glinter Weihrauch of February 12, 1971 of the
University (TH) Karlsruhe and in the ISL report with the same
name, a number of things are said about this behaviour on pages
98 to 101. The following pressure balance arises in a co-
ordinate system which is moved along with the stagnation point:

;fpp*(v—u)2=;ﬁpz*u2+F

with v = projectile velocity, u = penetration velocity, pp =
density of the projectile material, pz = density of the target
material, F = factor which is variable with the flattening
velocity of the expanding zone and depends both on the dynamic

strength of the target and of the projectile material and thus
also of the EM.

Accordingly, the influences arising from the compressibility of
the material and the propagation velocities of the elastic and
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ba||IStIC effect or into a casing made froma material which has a term nal
*bal listic effect a 'bul gi ng medi unt (hereinafter Tii$ Sheet Elds Beon Replagedl)  whi ch

‘shows little conpressibility and conprises a conpar ty or
termnal ballistic power in conparison with the act bodi es.
The sanme naturally also applies in the gase that t I's 1 ocat ed between
an outer body with termnal ballistic efficiency and-a central penetrator
The termn allist power an, ef ti.ve bod |s determ_ned in_t

range of. ?€%€ ?nﬁﬁ&h%pé’é@s ?L% P otnE Bé E’)V ¥ tQf nEeRBnifcal Ar BEJ@P?Fes
and its densj¢gtibadvebotheiapper t&maeplrdspmtgtelcﬁmobe Ehai‘ed::é)%blsm@)d the

I ncreasin Y, Sjﬁ]f i he oral es ".Das _Ver hal ten von
Kupfersti?l{lée/nlpbB+£r§%\ re% "Ilglt g}%/er eesde"?‘F' r}\/es"% 1(5:1"]1‘eé1 atcc.uracy

Geschwi ndi gkei ten zw schen 50 n1$ und 1650 n1$ (The 9 behavi our of
copper pins on inpact on var LOUS, erlﬁi spge bet ween 50 nis and
1650 m's)" by Dipl.-Ing GuntePpV‘é rauc ®ruary 12, 1971 of the
University (TH) Karlsruhe and in the ISL report W|th the same namela nunber
of things ' | e I es 01. The.fol]low.ng
pressure %‘?ﬁglgn?:gigr @gBHh%Haﬁgg %;%E’a(r%a eq%yﬂ;?%m %tr%t ‘éela?%Jn w't h

t he stagridtiem pai plso] dndwnniash vhe pratect blaéesp’mwcuty- paen’eerrat whare

speed, t e ti e Iy o]
e N CIE T i B el SR L AR
t he bul gl?@ezﬂ’fﬁéﬁ dt%}éﬁ“ﬂerslekﬁ)tdﬂz endt pe: dynami c tenacity of the target and
of the projectile material and thus also of the AW\ M Accordingly, the

i nfluences arising fromthe conpressibility of the material and the

u=v/ (1+ 1/(pz/pp)l).

If the projectile does not consist of-/a uniform material, this

term applies under the prerequisite of high projectile
velocities v for every single material in the projectile, with

the respective material density such as pEM O pcase then having

to be inserted for pp-

It can easily be derived therefrom that materials with lower
density than the actual penetrator material with a high
terminal- ballistic effect will achieve lower penetration
velocities at high projectile velocities and thus will lag
behind in the target as compared with the penetration material
with a high terminal-ballistic effect.

At relatively low projectile velocities, F becomes a velocity
term on an equal standing, i.e. the dynamic strengths of the
materials involved are equally decisive. For the achievement of
rapidly commencing and high lateral effects, low-strength
materials should then be used as expanding medium, there still
being a relatively large amount of leeway in the case of the
density.

Accordingly, at high projectile velocities (above 1000 m/s) one
can vary the density of the EM, because then the mechanical

REPLACED
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dissenination speeds of the elastic and plastic faults are al so included by
may of-termF. At higher speeds v of the projectile the share of F

" decreases and the known Bernoul li's equation applies wth suffierent—
accuracy: [err] Fromthis equation one receives for the penetration s egd
u, which also known as crater base speed2 a term where triess

depends on the projectile speed v and the materi al denS|t“

[err]: u err] If the o ectil.e doei not _consi st of

mat eri al P %fﬁﬁﬁ%n d@rmFﬁgrpF8 Eqll¥i PRTGt high'proj ectil e speed
v for every single naterlal inthe projectile, with the respective materi al
density C [ b er e |y
be deri v? t %?%fﬁ%{%]‘ 8\tﬂxn'g%:lieLrglsaqs 5\'%%% kllt{lﬁgwe& %([enélé%’er?%an /Eg act ug{aasd
penet r at orsuadiler | aeniirelli ghnegtethal the || ﬂlﬂ@nﬁe\ﬂ@ﬁlw | ptabhidvE | r
penet r al iy 345 bndl Rl CRALLEISPLCAS Aot Nho 4t r&roamA N okl [ n

the target as conpared with't alllstlcall I ghly effective penetration
mat er i al Magerials jveigivyesy qlﬂeeﬁ ReY | eleqbeed§°#ebeeyn§§>r& spgded-Riet i¥3ie an

equal st aRidldid -$hd tSEhély NAATErSALENBEAS alfsot iR Nttt Sappivex Mkt &I ¢
co-deci sive.. ,For, { he achi evenent of rapidly commencing and high | ateral
ef fects, %ﬁu%%QQ% ‘wth low strength should be used as bul gi ng nmedi um
Concerning the density one still has a relatively |arge anmount of | eeway.

pocordi ndine  FerBEeRyEr PLER! \ha HPOERS, (SRS JAANAEO00LIT 505 CBELVA

t he densi Y “becadse he Hechant ca properties do not play

any najougnﬂngdﬂerends, however, heavily on the respective properties
of the material. Accordingly, these impact phenomena from the
high-velocity range, for example, already occur at relatively
low velocities when dense and at the same time dynamically soft

materials such as lead, copper or tantalum are involved.

These considerations show that the effectiveness of the
arrangements as proposed here is not limited to a specific
velocity range, but is present both from relatively low impact
velocities (several 100 m/s), as occur at large combating
distances for example, right up to very high impact wvelocities
in the order of several km/s, as occur for example in
engagement situations with so-called tactical missiles (TBM
defence) .

In line with the above considerations it is necessary to
influence the dynamics of the inner expanding zone in
projectiles and warheads over wide limits and with wvery simple
means.

It 1is therefore the object of the invention to design
projectiles and warheads with simple means in such a way that
the same can both achieve a strong lateral effect and
simultaneously ensure high penetration depths if required, for
the largest possible number of targets imaginable.

This object is achieved in accordance with the invention by the
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nore. At very high speeds (1500 m's up to several knis) one can usually
*entirely neglect the dinensional stability of proj ect il

hel fa L L IR |
material, so that the strength of the materials involv K¢ any
role any nore. In this case netallic and ot her nateriai Ju ed

approximately as liquids. The speed fromshich the str tter
can be ignored depends, however, strongly on the respective properties of

the mat er

al Toady OEERFISES, BPRTTOLES Touf Apcuvet HErt s BARE Qs y

dynam cally soft materials such as |ead, copper or tantalum are involved.

Th j [ h ffect f th t
oroposed Forenek nopaf iRy "hetalaf B FEbRan SAST S PretonthBorh

from rel ageseryptoon| npatow spbedscqrsimectlioh mvsth aghecculadmsl angd the

fighting gﬁ§i€§&§§lfp{g@g@§ple, fight up to very high inpact speeds in the
magni t ude of several km's, as occur for exanple 11 in inpact situations

with so-called tactical mssiles (TBM defence). In line with the above

consi der arh@nd nivienitd ohECREBRI Yoet 0dd &+ UsEW € beNBwiIWNEYH CSe@brbigel T the
bul gi ng zgne in projectiles and war-heads over wwde limts and with very

sinpl e meRPRY I RUMBREE THE INVENTION It is therefore an object of the
present invention to arrange projectiles and war-heads with sinple neans

such a may-éﬁgg ihe sane bot.h acg'eve a strong lateral effect apd .

si mul t aneously: ensur e hiaﬁgg%neffhti hrﬁgptﬁgﬁﬁ%ﬁé i rggases a Pasic
representation of the penetration and expanding
process in accordance with the invention;

Figure 2 shows in three different phases a basic
representation of the penetration and expanding
process in accordance with the invention with an
additional central penetrator;

Figure 3 shows in three different phases a Dbasic
representation of the penetration process and
the lateral fragmentation;

Figure 4 shows a basic representation of the process in
accordance with the invention for a two-plate
target; '

Figure 5 shows a basic representation of the process in
- accordance with the invention for an arrangement
with a central penetrator and the penetration

through a two-plate target;

Figure 6 shows a basic representation of the experimental
model projectile;

Figure 7 shows an X-ray flash photograph of an experiment
with GRP as expanding medium (EM);

in




This object, and others which will becone apparent herernarter s attai ned
*in accordance with the present invention by radia assrng a bul gi ng
mediumin the formof a material which is substan em‘ Replaced -
termnal -ballistically ineffective by an outer bod m "(mm
penetration material which is considerablgy nore te caIIy
effective. Further features, details and advantages arise fromthe

descriptign bel oy in conj nctron th t d nd the individual es
SR £F DEsERPRT O o ToesBRReY A JhESuno0aAnBhabnaraBs; E 8 FeRPaBE g
advant ages of the presenwithvanhbohow hbdesowpkejdesdilebedthoutoespdatiany
with reference to the ac&ggﬁgﬁyrng drawing in which: Fig. 1 shows in three
di fferent phases a principal répresentation of the penetration and bul gi ng
process in accordance with the invention; 12 Fig. 2 shows in three
di fferent Sga princ r ege ti atien _an l-ng
process |Epg§%§r%ance mr?ﬁa%ﬁeq?%vgn?%gp 5??%? Eﬁﬁggﬁﬁﬁgﬁal6§eﬁ?rgP?Ehgk
penetrator; Fig. 3 showsSKRethpertdvitlkrGRP phaeweanding Megdikum;
representatron of the penetration process and the |ateral production of

splrnters 4 shows a, princi aI re resentation of th pr cess._in
accor dancet ?% t%e |nveﬁpgﬂﬁ f aghy éngPQ% héws fgrther
principal representati onegperMeptonf'SB a huAle Dl aane eepdrid il madsamii on
for an arrangenment with a central penetrator and the full penetration

t hr ough

Figure 11 shows an X-ray flash photograph of a further
experiment with an expanding medium of
particularly low density (PE);

Figure 12 shows the crater, represented on a grid, of the
reference experiment (Fig. 8) with a hollow
penetrator without expanding medium;

Figure 13 shows the fragmentation picture, represented on
a grid, of the experiment with GRP in accordance
with Fig. 9 as EM;

Figure 14 shows the fragmentation picture, represented on
a grid, of the experiment with aluminium in
accordance with Fig. 10 as EM;

Figure 15 shows the fragmentation picture, represented an
a grid, of the experiment with PE in accordance
with Fig. 11 as EM;

Figure 16 shows an X-ray flash photograph of a further
experiment with GRP as expanding medium and a
thinner first target plate;

Figure 17 shows an X-ray flash photograph of a further
experiment with GRP as expanding medium in
accordance with Fig. 9 and a low impact velocity




a two-plate target; Fig. 6 shows a principal representation of the
*experi rental nodel projectile; Fig. 7 shows an X-ray fiash photograph—of an

experiment with glass fibre reinforced plastic naterrfh S, ul gi ng nedi um
(AWM ; Fig. 8 shows an X-ray flash photograph of an eXx eaht Replaced

hol I ow nodel projectile w thout bul gingygedium Fig. 9Tﬂﬂﬂ w' y flash
phot ograph of a further experinent mﬁth a glass fibre stic

material as a bul ging nedi um Fh% shows an X-ray flash photograph of
a further experinent wi t h<af-BRY Gﬁ?as a bulging nedium Fig. 11 shows
an X-ray flash photograph of a further experrnent wi th a bul gi ng nedi um of

particulagly lo n (,RE 13 F| ws the cra
represenfieﬁg%ﬁe\gi.gzg?ﬁ %f W‘r% rf é?ﬁer?ﬁ%ﬁ?r?ﬁ gre%se%ﬁrﬁ]é% K81 1 Bw
penetrator without bul gi ggidedi afm Ehg é3perimbnts fihe apkbmrtiencei cwith,
represented on a grid, of %he experrnent with glass fibre reirforced

pl astic material pursuant |g 9 as a bulging nedium Fig. 14 shows
the splinter picture, represented on a grid, of the experinment with

al um ni unppghsdang to Fi ghodl a5 BaQEEg'é&gﬁqid@orﬁlg ptdp osaﬁh% tBRe

splinter picCture, represented on a grid he experi nent mnth E pursuant
to Fig. 11 as a bul gi ng #BEFEARCEIgn 18t asﬂﬂi&?%ﬁ?@@%@%ﬁ'fﬁ%bhbﬁﬁatoapéph
of a further experinent ®ikhng by a thread and gluing/soldering;

Figure 19 shows a Dbasic constrpctional proposal for the
introduction of a prefabricated EM body and
fixing by a connecting medium;

Figure 20 shows a basic constructional proposal for the |
introduction and fixing of a prefabricated EM
body with random surface roughnesses;

Figure 21 shows a modified constructional proposal
according to Fig. 20 for the introduction and
fixing of a prefabricated EM body;

Figure 22 shows a section through a projectile with EM and
central penetrator in accordance with Fig. 2;

Figure 23 shows a section through a projectile with EM and
central penetrator and additional strips as
subprojectiles;

Figure 24 shows a section through a projectile with EM and
central penetrator and additional bodies which
are rod-shaped or disposed behind one another
and have a terminal-ballistic effect;

Figure 24Ashows a section through a projectile'with EM without
a central penetrator and with additional bodies
which are rod-shaped or disposed behind one




glass fibre reinforced plastic material as a bul gi ng nedi um and a t hi nner

‘“first target plate; Fig. 17 shows an X-ray flashrggg%gg&ﬁg a further
experiment with glass fibre reinforced plastic materi nedlum
pursuant to Fig. 9 and a | ow i npact speed (< 1000 n1 shows
the splinter picture, represented on a grg d, ot the uant to
Fig. 17: Fig. 18 shows a principal constructional proposal on the

i ntroduction of a prefabrlc ted bul nedlun1bo fixjng a thread
and gl ui ng/ sol dering: FigR°t@er arg 89%9% éﬁggk ‘?6#5? Brioposal
on the inFigaret2®Hn of ashowsahr seatﬁdnbuhgonghnadpn?yboﬂylanﬂllthx*ﬂllqgaha a
connecti ng nmedi um 0 Lin constr iona
proposal on the |ntroduc?egﬁraﬁdp??§?56¥%¥ agﬁr%@%@f%%%?gdnﬁﬁFé?ﬁgOHEEPSn1
body wi th random surfaceinneghmsesieesof Fithe uiter shody aimbdid i €drminal-

constructional proposal gg¢e PrEl 20 concerning the introduction
and fixing of a prefabrlcate%gEE?g%ng %gdlun1body Fig. 22 shows a

sectional view through a projectile with a bul ging mediumand a central

penetrat opi puFrSUBGt t0 FiHows; &1 8ecR3on SHEWEGIR SEChEOYEEtVieWfitough a
projectile with a bulglng Egglun1and a central Eenetrat r and addi ti onal
bri dges as subprojectile Yt 3scentgalpegetegtPbnandyvraift AFgLGRoR2L

projectile with a bul gi ngoﬁeﬂesm)ﬁnﬁhe catérabipenefr sher oabdragddyi ansh

r od- shaped or SUCCGSS'Vegytgrﬁfggfdbéf{fggfé ePPIIlstlcally effective
bodi es;

Figure 27 shows a section through a projectile with EM and
central penetrator and random bodies embedded in
the EM and having a terminal-ballistic or any
other effect;

Figure 28 shows a section through a projectile with EM
without a central penetrator and with random
bodies embedded in the EM and having a terminal-
ballistic or any other effect;

Figure 29 shows a section through a projectile with EM and
four centrally arranged penetrators;

Figure 30 shows a section through a projectile with EM and
a centrally arranged penetrator with a square
(random) cross section;

Figure 30Ashows a section through a projectile with EM and a
centrally arranged cylindrical penetrator with a
hollow space;

Figure 31 shows a partial section through a projectile
with a stepped arrangement of the EM;

Figure 32 shows a partial section through a projectile
with a partial arrangement of the EM for the
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Fig. 24A shows a sectional view through a projectite with a bul gi ng

*medi umwi t hout a central penetrator and additionaHpgﬁga edy od

successi vely disposed termnal -ballistically effect N4 g. 25

shows a sectional view through a projectile with arlmml | and a
' e

central penetrator and additional notchgg on the i

termnal - batlistically effective outer body; Fig. 26 shows a secti onal
view through a projectile with a bulging npdiumw {hout a central
penetrator and additi onaPchb?Kﬁ%@Bngfh% RighriniyrbhPengE 1akiRthfewer;

ballistically effective outer body; Fig. 27 shows a sectional view

t hr ough j ile with_a bulgin ium and .a _central, penetrator .and_any
ot her adggfég%%ﬁ%odi es gﬂ%‘gadeg i %ﬁg‘eﬁul é?aer-‘la(\l 15°FEd U a }ar%lé‘?%g a
effective in a term nal babfiestiteorwhtly dilmwye nmlymamid-i gon28 fogzhoukea
sectional view through a j J LEh a i i Wi ut ral
penetrator and any otheragég%?g%%%f g%%iéghgﬁ%ggggdq%%k#%g b%ﬁginggﬁghium
and being effective in acfée@taal ballistic or any other manner; Fig. 29
shows a sectional view through a projectile with a bul ging medi um and four

centrally arrangig penetrators; Fig. 30 shows a sectional view through a
proj ecti i EYRER 3¢ bul gi nBPAERI in SFFH BenthaPrghard aRFAY 85dhidi abdithni 8h a
square (randon) cross secéhbpal Figendfifator shows awsecthanalllyi ewrtbngegh a

projectile with a bul gi ng_nedi um and a centrall r.,ranged cyl 1 ndti_cal
penetrator with a holl omﬁ%ﬂ%%‘ér < f @ {:‘ﬁ?h 1gvs§]epita|0é68#§ﬁ5ﬁnm ew
through a projectile w thateral and depth effects;

Figure 35Ashows a section through a projectile with EM without
a central penetrator and with an outer case made

of a ring of longitudinal structures;

Figure 35Bshows a section through a projectile with EM without
a central penetrator and with two different

outer cases:;

Figure 35Cshows a section through a projectile with EM without
a central penetrator and with an outer case in
which random bodies are embedded;

Figure 35Dshows a section through a projectile with EM without
a central penetrator and with a ring of
subpenetrators on the inner side of the outer

case;
Figure 36 shows a projectile with EM and a hollow nose;
Figure 37 shows a projectile with EM and a nose filled
with EM;
Figure 38 shows a projectile with EM and a massive nose;

Figure 39Ashows a special shape of the nose in which the EM
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graduat ed arrangenent of the bul ging nmedium Fig. 32 shows a parti al

‘sectional view through a projectile with a partial arrange t_of _the
bul gi ng nmedium for the achi evenent of a high initial t .1
Fig. 33 shows a further partial sectional viewthro e wth
t hree dynam c zones for the achievenent 1 different | h :

effects; Fig. 34 shows a sectional view through a projectile with a
central penetrator and two_radially arranged dynam c zones for the

achi evenent of differentrFQFg?ﬁll ﬁa é%ﬁtﬁoﬁ?fects; Fig. 35A shows a
sectional view through a projectile with a bul gi ng nmedi um 16 without a

central t n_ou casi d r a ring.of. hongltudipal
ot ruct ur L SpFS, IR RRGWET 0 RSCLEE, PHAER e AR PabhRT aachy ot  BERTS
bul gi ng medi um wi t hout areghonal cpehainatbhealfd; two different outer
casings; Fig. 35C shows a sectional view through a projectile with a
bul gi ng nmedi um wi thout a central penetrator and an outer casing in which
random boti@es WEeRtRIRE; Hi]). PEEtratdigns andseexPeRdingi eRTPRESEghLA

proj ecti | gcbidacdW: gt nothedi oMt 1 8QUL saskewh 8h BeBgkiat ghdaBenamktng of
subpenetrators on the i nner side of the outer casing; Fig. 36 shows a

proj ecti |'B2HrEh bt YtHg nedi um and a hollow tip; Fig. 37 shows a
projectile with a bulging mediumand a tip filled with a

Owing to its specific properties, the inner or enclosed
expanding medium (EM) 1 lags behind relative to the surrounding
terminal-ballistic effective body 2 during the penetration.
Owing to its compressibility, which is also limited under the
high pressures occurring, a lateral flattening and thus also a
dynamic expanding of the surrounding material 2 occurs as a
result of the material of the expanding medium 1 which
continues to flow from behind.

This process 1is determined by the physical and mechanical
properties of the involved materials 1 and 2. The dynamic
expanding usually leads to a tearing-open or the disintegration
of the outer body (case) 2. In conjunction with its mechanical
properties, dimensions, its density and velocity (sliding-by
velocity), an angular range arises in which the resulting
subpenetrators or fragments move.

Figure 1 shows the three penetration states 1A, 1B and 1C, with
1A showing a first phase, 1B a second phase and 1C a third
phase of the process. In Subfigure 1A the projectile consisting
of the expanding medium 1 and a case 2 with a terminal-
ballistic effect is currently impacting the target plate 3. In
Subfigure 1B a pressure zone 4 has built up as a result of the
reduced penetration of the EM 1 into the target material 3.
This leads to an expansion or deflection region 5 of the case
which is sliding by. This process has progressed further in
Subfigure 1C. The pressure and expansion zone 4a has widened
and lags behind the <case which is sliding by, in an
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-‘bul gi ng medium Fig. 38 shows a projectile w th—abulging nediumand a
‘massive tip; Fig. 39A shows a speci al shape of theinﬁ&b&hmg ja€d t he
bul gi ng medi um reaches into the tip; Fig. 39B iﬁ“ shape of

the tip which in partial zones contains the bulglng LED_
DESCRI PTI ON OF PREFERRED EMBODI MENTS The gsequence o ion and
bul gi ng process in accordance with the 17 invention is shown in a

princi pal ,and sche ner in Fi . OMng to its specific properties,
Phe | nhor | AHEESRLRS e AMBERG gt AR ( ARATCE bashodhs SBERPAE SFoA

t he anbi ethctessesadcdatdingig. ef fecti ve body 2 during the piercing and
penetration. OMng to its conpressibility, which is also limted under the
hi gh occurring pressures, a lateral flattening and thus a dynam c bul gi ng
of the anBi@tmrerraZ erstadw® oduis s proamssh tateamatieg altoof Flilge bal gwiggh a

et er i al &b £ONUUGH LA Lo eRLad: Thbs Pg 0GRS Al ek gL ged

by the ph and nechanlcal properties nvol ve
2. The dy %%e%ul@eﬁg teeathyeeedéEfenvent t panehyabpen @tateag%nt aBi andof

the out erobogye (§REWAJAL 2di kR BORL UPEHELPa YA bR tiaegeCﬂ@ntﬁé' tPhaPSBL tRS
di nensions, its den5|t and speed (pass-by speed), an angul ar range arises

in whi ch PRESSHTS AY pﬁ"'tﬂaa}d%e%? ofts TS skPFHRdr Behuoen the Fasdods

the threewlpbelet riad | oslistidigisey | AntB 88d éfpanddd Ik Sfdé@llé@:t%dfl ist Phase.

thg a Secgnfloﬂng‘gfor?n%ohce: aSt hi r% ptl}i"sec%‘ht%g p];;eonce rator %hewl';.sle(ﬁ ! OT LA
penetrates more rapidly and usually possesses at higher impact
velocities a plastic or hydrodynamic head 6a. Subfigure 2C
shows this process in an even later state. The pressure and
expanding zone 4a is enlarged and the case 2 is further
deformed via the deflection zone 5a. Owing to its new direction
of movement, the deflected zone 5b penetrates into the target

plate 3 with a considerably increased radial component.

Figure 3 depicts in Subfigures 3A, 3B and 3C the effects caused
by the projectile according to Fig. 1 in the region of the
ejection crater in the target plate 3. Subfigure 3A corresponds
to the Subfigure 1C of Fig. 1. At the time or position 3B,
following the formation of shear fractures, a breakout region 7
begins to form which, owing to the described high 1lateral
effect during the penetration, is considerably larger than is
the case with common KE projectiles. As a result of the
simultaneously occurring relief from the rear side of the
plate, the pressure zone 4a of the EM is relieved. The relieved
material la exits from the crater behind the breakout region 7
(Subfigure 3C), followed by the residual projectile 5c. As a
result of the detaching ejection crater region 7a which exits
with increasing acceleration and a further relief, there is
usually also a separation of the expanded penetrator region
(case region) 5b from the residual projectile 5c, so that case
fragments 5d form. Owing to their higher wvelocity, the latter
slide off from the target region 7a which is still exiting at a
relatively low velocity. In this process they are deflected




projectile consisting of a bulging medium| and a térmnal -ballistically
“effective casing 2 is currently inpacting on the tqﬁ

t Loy the
representation | B a pressure zone 4 has built up t ?ﬁma o & lk%%d
penetration of the bulging nedium11 into the target mﬁ HHI i s.l eads
to a bulging and deflection zone 5 of thg casing whi by. This
process has continued further in representation. 1C. The pressure and

bul gi ng zopge. 4a _has. wi dene d repmj ns behind the ssin asi i n_an
ncrensi nersLLs EBREP Pt et TELT oGa0P e B rREO Do | REL8598uETs &
respect i vef nelmesxitti angPe shov the framesstgplduant to Fig. 1 with a
projectile in which a central penetrator 6 is additionally provided. Here

too three different penetration statuses 2A 2B and 2C are shown with
respect tbBigure ef edeppeiict thie @radenss. aggordieng i e FBIshe lpragsk ud eimnan

bul gi ng zoRem@ 185 AHARH DetIesR, Ihe, RASS Afcasi ng 2. 18 which is

bul ged or deflected in the deformation zone>. and the central penetrator 6
which al so penetrates nore rapidly and usually conprises at higher inpact
speeds a Phest hC cebtbydmadynsddre PeadedainSedlkl Firke thi $sBbeegESei N

an evert ter status. The pressure and bul gi ng. zon a is, enlarged and the
casixg 2 +§ TurY%%?ede?b?ﬁegag?ﬁe?hesﬂgﬁgﬁeg?ﬂgl¥ongr§%. B ngPr J?Fglﬂﬁw
di r ecti onpafametenent , (thestefiteiored zonetdbipkset rauMehbfohﬁr get ippate 3
ith a c ' i.ner ed ' nent. Fi g, ri .iLp_section
\CI%MA, 38 ang‘pgjcgf% e?féer{(;c%se%geuse{c?a‘gql/eaclt h?i?r%% ec%taltfae 3&“?38%?%?‘3{0 Eﬁé?ﬂlj}e?ﬁ’the
zone of tmechamicak apgppentife)tartdet pesidusl phejsetilen BAltich espdhdls
to the sepihdihd Caffrdd 9tnd Abrhdeidh MO tRRSI L4108 3BdHdAM NGdl Nethe

broken-out crater region 7a and the fragments 5d of the
expanded partial region of the case impact the second plate 3a.
Subfigure 4B shows a view of the impinged second plate 3a.
Different crater zones arise: the impact region 10 which is
formed by the residual projectile 9 and the central part of the
breakout region 7a, crater 10a which is caused by the outer
part of the breakout region 7a, and the region of the fragments
11 which is produced by the casé fragments 5d. Still further
outside is the region lla of the fragments 7b torn out from the
target material 3.

Usually, the outer crater regions in particular will overlap to
a Jgreater or lesser extent depending on the physical and
technical conditions.

When adding further target plates the descriptions set out
above apply analogously. Figure 5 shows the case where a
projectile with a central penetrator 6 according to Fig. 2
penetrates a two-plate target according to Fig. 4. On
penetration of the first plate 3 the descriptions as given in
connection with Figure 4A apply, with the addition of the
central penetrator 6 or penetrating penetrator head 6a.
Thereafter the residual penetrator 6b penetrates the broken-out
crater region 7a and forms a further breakout 7c¢ therein. The
thickness of the second plate 3a was chosen here in such a way




formation of shear fractures, a bl ow out zone 7 begins to formwhich ow ng
‘to the-described high lateral effects during the RpgDngl.Ldfhi g0 g, laced 1

considerably larger than is the case with comon Ki f
projectiles. As a result of the sinmultaneously occjr’]ﬂ "w | Il(Jro_mthe
rear side of the plate, the pressure zong 4a of th mis

relieved. The relieved nmaterial 1la exits behind the bl owout zone 7 from
the crate section 3 ol | owed by the residual oj ectile_5c.
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(section 4a), whose size arises substantially fromthe projectile
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produced by the broken-out crater region 7a. This is followed
by a crater region 11 produced by the fragments 5d of the
disintegrated partial region of the case. Still further outside
there is located a crater region 1lla which is formed by the
broken-out target fragments 7b of the first plate 3.

These considerations 1lead to the conclusion thét "in the
projectile design as described herein an introduced central
penetrator 6 is virtually not impaired in its terminal-
ballistic capability. Accordingly, its penetration depth
corresponds to the performance as achieved by such massive
penetrators alone. This applies analogously with corresponding
dimensionings also to penetrators which are introduced at other
positions in the expanding medium (preferably in the vicinity
of the axis). At the same time this finding explains how in the
case of armour-piercing munition a required high basic
penetration power is to be combined with the large lateral
effects as described herein.

As was already mentioned, experiments with model projectiles
according to Figure 6 were performed in accordance with the
considerations as set out above. The projectiles consisted in
accordance with Fig. 1 of a case made of tungsten heavy metal
(WH; length 40 mm, outer diameter 6 mm, inner diameter 3.5 mm,
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caused by the outer part of the exit zone 7a, and the zone of the splinters
*11 which is produced by the casing splinters 5d. Further outside is the
zone 1 la of the splinters 7b extracted fromthe target material 3.
Usual Iy, the outer crater zones in particular will overlap nore or |ess
strongly dependi ng on the physical and teechni cal conditions. Wen addi ng
further target plates the above descriptions apply anal ogously. Figa.5

6, accordi n

h th wh [ectil ith a central, penetrator to
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apply, extepfe £ 6..0or .penet rati.ng,.penetrator
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extracted crater zone 7a. This is y ac er zone produced by
the splinters 5d of the 20
Figure 7 shows the X-ray flash pictures of an experiment with a

homogeneous target plate 3 made of armour steel (strength
approx. 1000 N/mm®’) of a thickness of 25 mm. The EM 1 consisted
here of a GRP with a density of 1.85 g/m’. The crater contours
are entered as dashed lines, and the crater which is produced
in corresponding comparison experiments of massive heavy-metal
penetrators of the same outer diameter is entered in dotted
lines. The crater diameters of the case 2 consisting of WH
without EM 1 are comparable to this.

The right frame shows a previously unknown, enormous
enlargement of the produced crater, and thus also an
enlargement of the exiting fragmentation cone, formed from
projectile and target fragments.

This allowed experimental evidence to be provided that in the
case of massive target plates'there is a perfect function of
the expanding medium within the terms as described herein
(corresponding to Fig. 1). The lateral effect was a multiple of
all previously known results. In these experiments, for
example, a crater volume of approximately 5 times more was
achieved as compared with being fired at with a massive
penetrator made of WH of the same outer diameter or a WH casing

of the same mass without EM.  —in—
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fragmented partial zone of the casing. Further outside there is |ocated a

the first plate 3. These considerations |lead to the conclusion that in the
projectile design as described herein an. introduc®Sheentas B, REpSL S at or. 6.
is virtually not inpaired in its term nagl3 ballisti r fhgly, its
penetration depth corresponds to the perfornmance a M ch massive
penetrators alone. This applies anal ogously wt'h respec si oni ngs
al so for penetrators which are introduced at other positions in the bul ging
medi um ( pCeteesixdrydimg t kesultbnivereofalde axhipvedt wilth satrteet | srpahdéng

fi ndi ng | ns in.th of - pi er cl.ng |14 a .
respecti&@%% ig%ygﬁgi%speﬁgﬁgg 1ona%%@£$£?§ t%ﬁ%e Eggggﬁ%%i§#?h the %?ge
| at er al evékecitwsrakge rbdfedrerkiH) méss varsd dI80ady svent i oned above,
experinments with nodel projectiles according to Fig. 6 were perforned

accordintho t he consi derations as expl ained _above. The frojectiLes
consi st ed'Bir S¥RAFLRSNTES gin| copngcEaspnyifld&igeom® diysterwaeayjnkended
(tungst entdepyyvigéakvibengeh tHatMBotut g1 rdilaleielyo walak ifinet dbpaes es
3.5 mm dentlt .1716 ﬁch“Bﬁ whi ch qulose t he |Etroduced bul gi ng nmedi um
of the sakbE-} eRYTHIEATERRE Y. SISANLEYTIANG HRURRLOV MRS P WAke BFSRe
for aerodyamases shebfliltalleterali @ffécto andy.thbk and this déséodEfferédrt
show X-r h a of e.exXperine CJALL il Tustratkons congern
two X-ray ?{%‘gﬁ%ﬁo%fg}g%p%ﬂ%@a%ﬁ%t Eliqoadi?afnep%é?\t up Fﬁesl.n THe“Tegce Witk
r epr esentthe aberpvatatementpacti ng projectile (in all graphics and
illustrations the projectile flies fromthe left to the right side), the
right one shows the respective deformation condition at the tine of the
phot ogr aph. *BECR1AEPat FRFYT UG £4 0AECHIraiagdt b YeFII(Fi Y. WAS a¥seR| [asasa
}: Wo- pl7at ﬁtéﬁcj?ﬁ}f S )v(o(ililrg- ?8 f.ﬁrEt gipl]a]teaﬂ@ meadel%f OId'_[iantlu%?:i%n#W ﬁw&faﬁt at.
i g. shows - r.ay, ot ograph .of an experiment w a honbgeneous
target pl 3P LR r4(9rd gﬁﬁB‘E{] §‘P§ela (RILRRT® aBbr 3. WBOBPR fh{ ERFPRdof
a thickngskattd 3a made of armour steel and erected at a distance of 80
mm. The impact velocity in these experiments was between 1400
and 1800 m/s. The projectile construction corresponded to the
structure in accordance with Fig. 6. The expanding medium 1 was
varied, with the density being assumed as main parameter in

accordance with the high impact velocities.

Figure 8 shows first of all the comparison experiment with a
hollow penetrator (i.e. without EM) made of WH with the same
outer diameter. As a result of the relatively light target
plate, virtually no plastic head has formed. With the exception
of a small breakout on the right X-ray flash picture, one
cannot recognize any lateral deformation.

The GRP that was already used in the experiment in accordance
with Fig. 7 was used as EM in the experiment in connection with
Figure 9. The lateral disintegration occurs to the full extent
here.

Figure 10 shows an experiment with aluminium as EM. The lateral
disintegration occurs in accordance with the above
descriptions, but surprisingly more markedly.
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21 25 mm The bul ging nmedium 1 consisted of a glass fibre reinforced

‘plasti¢c material with a density of 1.85 g/cnferr].~The crater——contotrs are
entered as broken lines, as is the crater in dotted I|nes whi ch is caused
by respective conparison experinents of nassive heap éﬂ% pladedr s of
t he same outer diameter. The crater di angters of the sting of
tungsten heavy netal wi thout a bulging medium 1l are c hIS The
ri ght section shows a previously unknown, enornous enlargenen

produced crater and thus also an enl argenment of the exiting spl | nt er cone,
f or med bquani@urél e1apdlyat13g1elsqal KREprweas ThssdabsoBMd pnothdlsngaterial

experinme t C of . s | r | at t a
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known resyliy. md FkddCELL SXPET A TSN Teghdii P Wwe1a crater volune of
approxi mately 5 tinmes nore was achi eved as compared with the firing with a

massive penetrator nmade fromtungsten heavy netal of the sane outside

di anet er Thesdet HAgayeFlacay \pithilesashd® €lchhEy S@H&tﬁmnWﬂrhO@uﬁeacase
bul gi ng nedi u ect results re al,so acgheved wi th ot her géiae
nmedi a such a P@&E% , #ﬁﬁ?ﬁ? m & N enEPFRet héHeedOrsh gr en
1000 nis dmfifd&mceﬂ sin Titee dogleavimant of rtheonradiduen edpgandEing m@dia.Fig. 11
were made to provide evidence that both a relatively weak first plate 3

wi th sinmultaneous | ow density and thus | ow specific surface nmass causes the
full |atchefordingtyandnt flie i¢naei efc&Ee aif fEMr wathmat epdnt scwlaety t haw

the bul gi gengmteripigl qan beusedaRSTOr dbRE LAthiRe aROMR/-metal case is
in many cases slit open over the entire 1length of the
projectile by the first plate, with the lateral acceleration of
the formed segments (subpenetrators) occurring continuously
from the nose to the tail (cf. Fig. 11, on the right). In the
case of aluminium as EM (Fig. 10) there is an even more marked
lateral effect at least under the prerequisites which apply to
this experiment. However, in this case only about half of the
projectile length is greatly expanded.

This influence will presumably show even more clearly when
using copper or lead as EM. Owing to their relatively high
density they should lead to correspondingly lower lateral

accelerations at even shorter expanded projectile lengths.

In addition to the aforementioned projectile and target
parameters, the velocity with which the plastic deformation
propagates in a material, but which should not be confused with
the speed of sound which usually propagates with a velocity of
several km/s, certainly also plays an important role in the
axial progression of the disintegration. This velocity range
extends from a few 100 m/s up to the order of 1 km/s and thus
lies considerably below the speed of sound of the respective
materials.

The processes in unrestrained cylindrical bodies during the
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statenents. A two-plate arrangenent according to Fig. 4 was used as a
‘target; with a first plate 3 madefromduralumnlumo St en of 400
N nferr] and a thickness of 12 mmand a 22 sec from
armour steel and erected at a distance of 80 nmm n t hese
experinments was between 1400 and 1800 mf2g The pI‘OJ

corresponded to the structure according to Fig. 6. The bul g| ng medl um 1l was
varied, wi,th the d bei ng_assuned as accqrdiing to t
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Accordingly, any lateral restraining can help to achieve, and

this is also confirmed by the present experimental results,
that even at relatively low projectile velocities in the order
of 1000 m/s for example, the plastic deformation in the EM
propagates in aluminium, GRP and in particular polyethylene or
nylon with relatively high axial velocity, which means that it
no longer primarily remains limited to the forward projectile
region (cf. Fig. 11 and Fig. 17 in particular).

A comparison of the exemplary materials chosen for the
formation of an expanding zone even in 1lighter target
structures makes clear that there are a multiplicity of
materials which meet the stated requirements not only in
respect of the aforementioned considerations, but that the
properties of the EM can be changed within wide 1limits.
Moreover, the comparatively few materials that have been
examined to date show that the lateral effects are adjustable
or controllable by way of the behaviour of the EM under dynamic
compression.

The experiments also prove that not the special property of
'~ pure glass under dynamic load, but the considerations on which
this invention is based are decisive for the formation of an

expanding zone.

Ductile materials with higher density (such as soft iron, armco
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These X-ray flash photographs confirmthat even in the case of perfect

‘l ateral accelaration there are considerable differences in the behavi our of
t he various bul ging nedia. Accordingly, in the case of PE as bul gi ng nmedi um
with a particularly (ow density (Fig. 11) the entire heavy netal casing is
slit open over the entire length of thegg 23 projectile through the first
plate for exanple, with the |ateral accelaration of the fornmed segnents

(subpenetrators) oc uring continuously fromthe t| to the re .
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of Copper as an exanpl e. The contexts
fragments 7b were not taken into consideration.

Figure 12 shows the crater of the reference experiment (Fig. 8)
with a hollow penetrator. It shows clearly the effect of an
introduced EM in comparison with Figs. 13 to 15. The crater
diameter is approx. 11 mm, and is thus in the order of two
projectile diameters. '

Figure 13, as a fragmentation image of the experiment (Fig. 9)
with GRP as EM 1, shows analogously to the description in
accordance with Fig. 4 on the second plate 3a, which is located
80 mm away, a relatively even outer distribution 11 of the
fragments 5d (diameter approx. 90 mm corresponding to 15
projectile diameters) formed primarily from the case 2, in
addition to a considerably enlarged central crater region
10,10a in the order of 4 projectile diametefs.

Figure 14 shows the Thighly interesting crater image
corresponding to Fig. 10 which is to be expected with aluminium
as EM. The 1large central crater (diameter of approx. 5
projectile diameters) 1is surrounded by a ring of longitudinal
subcraters (diameter of approx. 10 projectile diameters). The
other fragments are distributed in a circle of approx. 13
projectile diameters.
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outlined there only apply for freely bulging bodies, i.e. without |ateral
“dammi ng. They can therefore only be used for principal considerations in
connection with the arrangenents as proposed herein. In particular, the

| at eral danm ng of the bul ging medi um by the anbient material has a

deci sive influence both with respect to47/e lateral as well as the axial
def ormati on speed of the bul ging nmedium Accordingly, any |ateral danm ng

th | p..t ' , Which ig,also confir by the present
gigeri lr:1san rgl %ﬁgglagtcgﬂﬁ%r’é@@ﬂ%al%l &6 Vet9r mv) pr &t i PR &5edtYy i hhEhe
magni t udesubpAGPEcti ket hEophadt pcrodaf:edrra; imauivltellq/ _tildlgjef[]giﬂiﬁéi_ lru&gater
. ] 1, 0] | ass_fi | nf,orce stic erial _and_in
par 1 cur ap- g oy PERELRR, ¥ pLATRGHLES LPRABERRR U iy o 7 2 frsFOlputd
whi ch nedp® tdhatmixedo fraamentpr inieg | witdnaians dimeted t oft heppoowar d13
proj ecti Illgrgj)é'@tifg -dférﬁ?etér% and Fig. 17 in particular). A conparison of

t he exenpl ary chosen naterials for the formation of a bul gi ng zone even in
| ighter target structures nakes clear that there is a plurality of

nateri al szmhg)_ﬁbnaggle; henaf peaeRrhi 9880 depUH HRBRES 0L rPM Hhd NwiL8PERE Of
t he aforengntioned consi derations, but that the Eropertles of the bul ging
medi um capf%%eE#anSEBaWStlﬁPn %Qdéhﬁar et eobeF, Nk chbApartd®t ykrewn
exam ned Iater oAl $etrhﬁhaﬂa\lmlﬂeiﬁtli|@§glrﬁmlgdréplﬁa}ﬁﬁsﬁhalgp%baf[ §ohetl%é‘t% etné
effects ' | e coptrol labl e way of the_behaviour o e

bul g ng nEh i SEHER Gy el ST oSo Eretadi¥e ttn 7 nERF SE aPOBEpRODEE AR,
not the shecihkd prajmetileferprrgy dgesodumet idtmanhe teadetut t he
considerations on which this invention is based are relevant for the

formation of a bul ging zone. Ductile nmaterials wth higher density (such as
soft irontn aq;ﬁ,%riﬁq,rpr@é%d;h%olpb@h,lateral effects with arrangements in

accordance with this invention two further experimental studies
as proposed and performed by the ISL are mentioned by way of
example. It was intended to test first whether in the case of a
considerably thinner first plate (6 mm as compared with the
previous 12 mm of duraluminium) the lateral effect would still
occur with the same projectile dimensions in accordance with
Fig. 6 (expanding medium: GRP). This is confirmed by the X-ray
flash photographs in Figure 16. According to the prerequisites
as chosen herein, the projectile still opens very favourably
during the passage through the first plate, but only over a
comparatively (Fig. 9) small projectile length. Notice should
be taken, however, that a more extensive disintegration could
be influenced over wide limits both by way of the expanding
medium and by way of the geometries.

As the dynamié properties of the expanding material which is
enclosed by a body with a terminal-ballistic effect such as
tungsten heavy metal (WH), tungsten hard metal (WC), depleted
uranium (DU) or high-strength steel can evidently be changed
within wide limits owing to the above statements on the density
and mechanical properties, the possibilities of application
concerning the technical configuration allow the highest range
of possible applications both with respect to construction and
specific materials, which differ to a correspondingly marked
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tantal um or even al so heavy netal additions) open , 055| bili ty to
‘use such bul ging nmediunms in cases when hi gher nean @ﬂi
projeciles are required or when certain constructronj

extrabal listical demands with respect to the center n have
to be fulfilled. Fig. 12 to Fig. 15 showg he respective splinter

di stributions of the experinents pursuant to Fig. 8 to Fig. 11 on the

second target plate 3a., The . s aters in the gyternogt zon 11a g

5) whi ch $&FeR oﬂﬁedtlb?/llfhé’l a"&‘f dPEZEgEMaprat RPePE BSfkr BSH

t aken i ntmatentaleraidcionas Fgasd 2015 hasvsaniinss .crat er of the reference

experinment (Fig. 8 wth a hollow penetrator. It shows the effect of the

i ntroduced bul ging mediumin a conparison with the Fig. 13 to Fig. 15. The

crater diksewes islmghoxnedt honedndbbires |dambatinchef imgpiwine efircweft
rojectil O5n 1 pki r | e r nt

(o 9) eI oTLEsyety fon fan npBPentREl B8] of 'RER Lol PEn CHDET LB

shows anaPE@ﬁﬁ@ﬁleoCPﬁétH@§E%@%$|éﬁ ﬁ@ﬁ§@&ﬁ?dﬂhqﬁq3n 43bns¢ Ek%%néngbato

3a, whi cfbpﬁld)&&myd Q0 aGR MR de t! €481 NE:Yr £V Edh OWirer a dindidiiti¥r OBad} Of
the splinters d'aneter ppro 90 nm corresponding to 1 pr%%ectlle
dlanetergg V%Y%%ﬂ # 891PHQV€a§¥%3P% V?ﬁya&HWFPBHQ?Suﬁ &6Rsi $1EMI 9f ged

central cdiafﬂermewhﬁhéaasl ot hepé&gaut—pdepeéef muxmp{)mrm,t | kﬁgﬂtam@i ets.
Fig. 14 h ter crater t o he ex ect accordi ng
folFi g TooMEat e ALY calt BB 1B B e ol AR S iy B
(di anet eruggd apptdx. for prtoﬂp@(stloé divamigtions) witkendlaoged éffectsrclre bhe
| ongi tudi nalesber gt eiﬁglﬁ{:"“ e4E @Esohgﬂé’r&% £40nBL0L 8¢t Lifodlagelehsdiedne

other splinters_ are distributed In a
as well as ships (Exocet pr1nc1ple) The target scenario to be

combated determines the expanding medium to be introduced and
the dimensionings.

The arrangements as proposed herein are in principle highly
effective in the fields of application as defined so far. In
order to ensure the high lateral effects, however, it is
necessary to have a pressure and expanding zone. For this
purpose it is necessary that certain physical prerequisites are
fulfilled in the EM. Thus, among other things, the impact shock
or load must be sufficiently high to initiate the process.
Moreover, the dimensions of the EM and of the penetration

material surrounding the same must be matched to one another.

Within the widest of margins these prerequisites are fulfilled
at the relatively high impact velocities as are required in
armour-piercing (both rotation-stabilized and aerodynamically
stabilized) projectiles or in antiaircraft projectiles, for
reasons of exterior- or terminal-ballistics alone. The velocity
range is here approximately between 800 m/s and 2000 m/s. The
type and dimensioning of the EM and the surrounding case or the
construction of the subpenetrators primarily determine the
desired effects here.

At even higher velocities the formation of expanding zones will
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approx. 13 projectile dianeters. In Fig. 15 (corresponding to Fig. 11).
"wWi.th PE as bul gi ng nmedium the fornmed subprojectil eﬁﬁgh&gﬁ%%jjeiﬁ ati vel y

| arge i nner crater dianeter (approx six projectile d S

encl osed by a mxed splinter ring with a di ameter Oflﬂﬂmm jectile
diameters. Principally, the penetrationxepth decrea h the

| at eral expansion of the splinters. Here too the known | aws of terniral
ballistics naturally also apply so that the totally formed crater vol une
cor resportet EHEELY | be; oHpr Bera el (G GRARS | eneray PROPEAGLER i n
t he targedf tie oEMecan dograwe drieel Teghwit eiradreafdierf Smpadt aelardeyent s
pursuant to this invention, two further experinental studies as proposed
and perforned by the ISL are nentioned below. It was intended to test first
whet her i ntaefyntkenfegpevhimentr bl yashinhendédr 0 prave tBenmffisctenpur ed
with the ey} of,d L 0l cfheptateral.e 3 S

occur mﬁtﬁft Epgﬁﬁé%%?%%e%?i#éég?ﬁéﬁggg%%£gc€%?ai%gggogéﬁéadéggégyg?%g%r
nmedi um gHBRACE | TR Eoe bt hedr cRdtarast i eonstrrchion Fecerdingobei Fhed dyinhe
X- ray fl@ash)Phet Der aRAth Na Fiotro et iAC U el t B8 RFiRf €0Bi SidLSagfin
chosen herein, the 26 projectile stllldggens very favourably during the
passage t#FShgASt e &l FRE  blt 3GTOF9gvEr &iddhpatGnl ¥ (ESy. U38d sAdl |
projectil®Ml ength. Notice should be taken, however, that a further
fragnentation could be influenced over wide limts both by way of the
bul gi ng nmedium as well as by way of. the geonetries. As the dynamc

properti ebnofthehe epegingnirat &ni scavrideandes wnthosEilghye a 1% r wheal impact
pall isticablochly eqtine RAdY siirfe@SwhUNGHE) 882V /! Arnk " Diqrt NESEEY

hard neta i i
flash photograph shows that here obviously the velocity range

was reached from which the lateral disintegration is only just
ensured with the predetermined geometrical dimensions and the
materials used.

Owing to the nose pressure occurring during the impact a full
lateral disintegration was still achieved in the forward part
of the projectile. The nose pressure pp ¥ G * v (with ¢ =
speed of sound in the projectile material (or in the EM,
respectively), v = impact velocity and pp = density of the
projectile material (or of the EM, respectively) is reduced
relatively rapidly in the course of the penetration to the
quasi-stationary dynamic pressure (Bernoulli pressure: pp/2 * 1
with u = penetration velocity). This pressure is determinative
for the formation of the following pressure and expansion zone.
The pressure and expansion zone extends here over the entire
remaining projectile 1length as a result of the lateral
restraining (cf. the statements in connection with Fig. 11).
The case 1is thus disintegrated into several longitudinal
fragments.

Figure 17A shows the corresponding crater image on the second
plate (distance 80 mm). The central crater produced corresponds
to approx. 5 projectile diameters. The fragmentation cone is
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(WO), or depleted uranium (DU) or high-strength steel, can be evidently be
‘changed over wide limts owing to the above statenents on the density and
mechani cal properties, the possibilities concerning the technical
arrangenent all ow the highest range of possible applications both with
respect to construction as well as materdp@l which differ considerably in
their width and performance fromthose when using nmaterials such as gl ass
or ceramics, As was al ready nentioned above, the conbat against fixed-w ng
ai rcraft EhtlheVPEBprErsifBraRlanviifpor: &#ralice|f APRENF{ cht | BROT6Ftihe
proj ecti |l giaiswageents as described herein. A purposeful and, optionally,
| oad- dependent fragnmentation of an anmunition can al so prove to be very
advant ageous for the design of different war- heads or special - purpose
anmuni ti dEvidemde wpst chustbatévided athataltHeal highclmteﬁallleslefﬂ&strmff ca'rale
arrangene, a ed. .bo t f . (110N W rge ects In
the i nt er%:?l%f gplgﬁﬁtgat garééeﬁ‘gp%‘éh%b%ﬁ%c?&l%e@ﬁ%&gr rlr%bed“&e'hi MBEESYRE el
Es shi ps {Eoeensideretpiry  prdsentedein scemjvnnot ion beithnbhet ednfiérmingnes
the: bul gd Pk t | n uc a ilq?g% I NQS-

arrangerrgllah)tﬂés]e as pr%%g o%égﬁrﬁertg?%@argﬂgr{]ﬂ%%ﬁ??y |g’${ll efga efg}itE\%e Fﬁng hk()ae
fields ofSBHHETATONVEEIeRMWIBNEY wiFe ok imits dpyeray o5 cbhe egaoReRical

lateral efdrefiguisidterand tthes dIRGRSES &Y Hhe e opriutes materaadshul gi ng
zone. For this purpose it is necessary that certain physical prerequisites
are fulfilled in the bul ging nedium Anmobng other things, the inpact shock
or | oad rAstortdirsuf ficci diitd y csirsdniprert iloingh preisepsetl seoasfap i andli atket he

b ocess: AL SADESH TIPSl Y SO G 9 Uoupe,
however, that by choosing appropriate parameters it is possible
to achieve a high lateral disintegration even at much lower
impact velocities. In projectiles or warheads with relatively
low impact velocities such as merely a few 100 m/s the margin
is certainly limited accordingly and the dimensionings and
materials must be matched carefully to one another. The
disintegration will be assisted by thin-walled cases, for‘

example.

Similarly, in the case of 1light armourings, it will be
advantageous to wuse correspondingly thin-walled surrounding
envelopes with a terminal-ballistic effect and particularly
suitable expanding media such as PE, GRP or light metals such
as aluminium. ' '

It is also possible to greatly reduce the penetration depth by
means of corresponding dimensionings and pairings of materials
such as by very thin cases in conjunction with "sensitive"
expanding media and thus to design projectiles with no effect
or a very low effect. The use of biodegradable fibre composites
as EM is also a particularly viable possibility in this regard.
With this novel kind of very light composites, which were
mostly developed by DLR Braunschweig, strength values can be
achieved which nearly correspond to those of glass fibre-

reinforced plastics.
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Wthin the widest of margins these prerequisites are fulfilled at the
‘relatively high inpact speeds as are required i n arweur—pieretng—(both
rotation-stabilized as well as aerodynami caliy stabilized) projectiles or
in antiaircraft projectiles for reasons of external Tafs ShefidsBadn Repthded St i CS

al one. The speed range is here approxi mael y between 0 ms.
The type and di nensi oning of the bul ging nediumand t I ng or
the structure of the subpenetrators prinmarily determ

effects. At even higher speeds the formation of bul ging zones w || _
certai nl ySibeh even spacd ainr kade WhIEC ha me@yibindmeicd he ksdtyr e wdftht heebyl glog
medi um ca econe. smal | er with. increasing.inpact speed. In.a further

experi me el?t]\:/\%%l?r}lterpé)ewc?ﬁo &agve ?;Jéeg??(i cﬁ%%%rgl otadefrcrr&r?ge nt-g quEﬁant
to Fig. latereuestienedl thesierof Mhadleidpeadh ok aggetl 0dr.r Avgantie

pur suant ' i g conjungtion Weth g, pgojeckile accordj o_Fig. was
used as r% %ér:%%%%@e ad¥ fib % reiuﬁ?orc%ﬂ pl B8t i cunatqe&?’al JJ:‘(gp%r%s"lua t@t Bﬁﬁi g.

9 was usedaBgedHUulF rgtamaterial » | 9,4 harexpesrifesd Y SwailcH onbi gp1ddtibe
i npact speed v in the target was only 962 ms. The right X-ray flash

phot ogr apPPRALIRE 1 Hat ORERES 0 BAYoRALFE + HRY sBBedPPARBE 1R4E SeddHaw rebnlfi ch
the | at eré&énsitppentaald ostrénythsuaf ythéste;gfmuiagb winelithe Pig¢deirer ghaed
geonetrical dimensions a;gd .ta;ie terial s used. Omﬁ?igtto t he tigp Eresgﬁre
occurri nP T IHE MR £ Gt ST e i BA™fas*Sti P athPdéved
I n the farewsiblar toof préeept ojaecpehetrdhioni fnoesthe e tgrdgetCpstructuréh
Cerr] =35 o in the projectile material (or in the bulging
material, respectively)’, v = inpact speed and p[err] = density of the
projectile material (or of the bulging material, respectively)) is degraded
rel atively raehdhyalfyt heigeLy senebrbieiRENEIZALI It il 188ists for this
borderline case also when a disintegration of the case by way
of a suitable EM is to occur in such a way that in the case of
special-purpose munition, for example, a target is damaged as
little as possible or the projectile slides off from a target
without causing any destruction there. For this purpose,
however, the target plate must be sufficiently thickly
dimensioned in order to avoid any punching through. This is
presumably ensured even with thicknesses in the order of 0.5 to
1 projectile diameters.

The range of materials as shown herein allows a very wide range
of applications, particularly also utilizing possibilities for
the transmission of forces in the axial and radial direction in
conjunction with a controllable disintegration mechanism, via
the selection or the setting of the material for the expanding
zone per se (e.g. by using plastics, 1light metals, fibre
composites or other mixtures).

Materials such as GRP or other plastics play a special role
from a technical point of view. As this type of material is
only to be used in an exemplary manner to describe the
technical advantages in the realization of the present
invention, the ©possibilities for the design of the GRP
materials by different production methods shall not be
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28 quasi-stationary dynam c pressure (Bernoulli pressure: p[err] uf[err]

"W th u-= penetration speed). This pressure is determnative for the
formati on of the follow ng pressure and bul gi ng zone. The pressure and
bul gi ng zone extends here over the entire remaining projectile length as a
result of the lateral danmmi ng (conpare tf3 statenments in connection with
Fig. 11). The casing is thus fragnented in this way into several

| ongi tudinal splinters, Fig .17A shows tho respective crater imge on the
second pl3ICYLIHE AR SR hexgidi yr oduced central crater corresponds to
approx. 5 projectile dianmeters. The splinter cone is still very ;

consi der apbl 1ih Lrcle of Lapprox. 11 prpjectile diametgrs. Evidence_.was
t hus prosl? I(ljfe‘éwf%%t %PEZOH?‘BH Isgfigﬁa?)eefsfjt&tfeép e E?YW?rcg%Bur%ﬁog?ﬁ}%aﬁ
speeds befbasd 008nnmbs. ANdrexmdyr , tybe oﬁnsdwématiﬁrﬂslirm;ilematerm?nclbad—
with the L3 Lk N L0 S pr . L he ' ate f an
be secure an%gé\%r?eségéé%%a é na%\gi?)ns yo\r}'lva_y gﬁé%kllifg&d.eonp%?%)ggl ‘ﬁfﬁkég& ,
ar r angenebRCimEYe® cheluéngf tieehndgyesyi vanigdng i ararisiekes di ngarbabhe
consi der adéist 1@sle sa-frar and the findings already made up this point, it
may be assuned that by choosing respective paraneters it is possible to
achieve a high lateral fragnentation even at nuch | ower inpact speeds. In
proj ect i | Bise ot eryss heetasise V%éﬂiavmlailtid‘ﬁlqRP o:ié\si mdmjt@E1 végyeﬂavstmhbaé WEERLY a
few 100 t rgiLn i ertain imte nd the di pensionings_an

mat eri al snh?r%st %brg%t gﬁgd ?:%%ef%? “i/l]%//ﬁnﬁ{‘ éspg@f:efjg%he Hhotlter .kn%ﬂ’él fron

f ragment eataokous | Ifisd dsuppedr t tdchpolhgn- tadt eda casimpyssitieor ofxamptallio

the case pledighis ar Moyrafigs, fopigaanl eys ppckelsaubi cheape.aduankageoys! y

thin- walled and have a term nal Istic effect and particularly surtable

bul gi ng rEARPRIRYS as(tEchiyicds GRE e staustoresd pleadsc ket erhal O¥eraijht
netal s sutp@Sved UBtAUMiWy | uR@er load, particularly in complex load

situations. These occur frequently in applications in the area
of ballistics.

According to the considerations given above in connection with

the example of GRP or plastics, or even metallic components,

there are considerable advantages in the application of such-
materials as dynamic expanding media in projectiles or

warheads. In addition to the extremely favourable mechanical

values, especially the particularly advantageous technical

arrangements and connections shall be briefly outlined below.

Apart from the fact that a very extensive range of materials is
available as effect-carrying media, the possibility also arises
to use prefabricated inserts, for example. Potential materials
are metals with favourable plastic deformation_propefties such
as lead or copper, materials which can be favourably worked
such as light metals, materials of low density such as plastics
(PE, nylon, etc.) and, naturally, primarily materials which are
introduced or glued in in a mechanically favourable manner.
Moreover, the EM can be introduced into corresponding hollow
spaces 1if provided with 1liquid, plastic or kneadable
properties. In this respect mixtures or mechanical mixtures are

of particular interest.

This Sheet Has Been Repl

T




used. It is also possible to strongly reduce the penetration depth by nmeans
rof. respective 29 di mensi oni ngs and pairings of—materials such as by very
thin casings in conjunction with "sensitive" bul ging nmedia and_thus, to

design projectile with no effect or a very | ow ef f &his Shegtikas BeeaReplaced
bi odegradabl e fibre reinforced material gsas bul gi ng H
parti.cularly viable possibility. Wth this novel Ki t

conposite materials, which were nostly devel oped by DLR Braunschwei g,
strength val ues can be achi eved which nearly correspond to those of gl ass

L i gre FSLmorpﬁlﬁJn@ipﬁéif ll’ftﬁr_ber id@'r%ct@ﬁ:ﬁ@ alaiféeaitﬂigl§a%go§§i@.b§y|f@ﬂ: ihené
oay w . ver OW, penetratl on wer al.r \/ een adescri pe 1 n, e
ofor ement U SAPE "G EeoRBeREARE:, o et it T eI oA IS | BF 1]
[err] (V -shg¢Ealimlepodd emdtdfmiralis,= @Gntheimal pest #§uweray &RP,dedinted @he
whi ch no | netration oeccurs y r y r tive LRg.

t he densiﬂégé%%ﬁt%é{%t Ts B’ﬁggﬁe %ﬁ%gia%a%&%umggngé%gt e Eégé%%gﬁfg

t ool whi caCelkRpnEissiay t hesadmpret| sor hugeprissatvian t @fpr &kiastig energy

penetratigro{dd9i1de dd PolopddtictidingyMear!y entirely. A technically highly
interesting application i's given for this border case al so when a

fragnmentation of the casing by way of a suitable bulging nmediumis to occur
in such aawaphé hirit tddidiEl erd s PrSMant idatud pRehrdBalINistireturer. exanpl e,
a target is to be damaged as little as possible and the projectile slides
off froma target w thout causing any destructions there. For this purpose,
however, Bhe tBEmgeinpratechiist be suflfdasieentrush-iiiddd youdi depsi maedanhcatder
to avoi d any HEE£E¢B% through. This is presumably ensured with thicknesses
in the nmagnitude o .5 to 1 projectile

Concerning A:
1. Metallic materials. Other materials with different
densities and sufficient mechanical strength and 1low

compressibility. Construction of a technical structure.

2. The materials mentioned are introduced as prefabricated
bodies and are glued or encased by injection moulding.

3. Combinations of 1. and 2.

Concerning B:

Injection moulding of thermoplastic and fibre-reinforced
materials; castable and pressable mixtures of different

materials such as elastomeric materials.

DP-RTM methods (duroplastics) for dry inserted mixtures and
mechanical mixtures.

The processes according to B can naturally also be combined
with the technical structures according to A.

Concerning the technical configuration and the possibilities




di anmeters. The range of materials as shown herein allows a very w de range

*of applications, particularly by also utilizing poqﬁggkgkﬁiﬁgnﬁg) %{g
i on

transm ssion of forces in the axial and radial dire
with a controllable fragnentati on mechani smon the 3 HEHWHNBM e setting

of the material for the bul ging zone perggse (e.g. b s, light

netals, fibre reinforced materials or other mxtures). 30 Materials such
as glass fibre reinforced pl asti terjal_or other plastics pla speci al
role fron%%rtEBﬁnil@é:Iroﬁb‘iCﬁ’(m&f i eWnABLIERT LY { §FEIBE RPANIINY; s’X%ﬁ’r%/ t% be

used i n aprexedpl by aedNearhadescpabeithibat B hbheatescinedit agesantist Hee

realization gf %he r.esent_ | vention,:%gf ossibilities for the arrangenent
of the gl%%% Jf]? Tt nfetEE tp‘? atsqef & G iseﬂcgla? Yf'f er ent producti on

met hods shall not be discussed in detail herein. Only the follow ng shall

be statedyas ¢ " re.;af gl C be eregd -d of kR
filler naterié@%?ﬂ%%%g?or?%%Fg&%%gnpiégtegﬁqprggﬁﬁtigﬁﬁﬁgﬁi)s, 8#%2%?10
| i nkage techniBfRRerglesng techni ques, mi xing assortnents, variable
densities, etc.". The tenperature behaviour of glass fibre reinforced

pl astic rrgterial ig@al so very favourable within the terns of the )
requi rements. Nbré&bfercase L GRRin ALEEARYSPEoELaSSI 8SNEPNEECHTY 0f§StRat
a conposite oftywési lic materials (plates, pipes) with glass fibre

rei nforced conponents (technical glass fibre reinforced plastic materi al
structures) leads to an overall inproved stability under |oad, particularly
in conpl ex | oadii Sfexent onrattiede oznd/ofreqxdatll y conspphctionon®fi n the

area of balli i : or.dj he consi derati ons nmade above in
Stthét i fé%ﬂ%ﬁ:?eé,

connection wt e exanp grass

* mixtures of differently acting materials (such as
differences in density and strength);

* sliding of prefabricated components into one another
(hollow cylinders; telescope; cone):;

* placing in some cases differently dimensioned bodies in a
row next to one another;

* introduction of special materials with specific effects
(e.g. incendiary):;

* introduction of explosive materials;

* introduction of materials with different terminal-
ballistic effects.

The advantages in respect of the production technique for the
design of projectiles and warheads with such dynamically acting
components would be, among other things:

* the inner and outer bodies (penetrator, case, casing,
inserts) can be provided with virtually any desired
surfaces. The special-purpose materials bridge the surface
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fibre reinforced plastic material or plastics, or even netallic conponents,
*there are consi derabl e advantages in the application of such materials as
dynam c bulging nedia in projectiles or war-heads. In addition to extrenely
favour abl e nmechani cal val ues, the particul arly advantageous techni cal
arrangenents and connections shall be exy ained below in closer detail.
Apart fromthe circunstance that a very extensive range of nmaterials is
avai l abl e as effective bodies, the gossibility al so arises to us

€, ...
prefabricat ed FALERRESSey, foFa npramP IR dheaPeraRFGMET LAY nBPgFAPHLLRY
f avour abl e pl asfiasihed ocsmpoenips ofed | @shetigfradudtgiash)gr copper, material s
whi ch can be favourably worked such as light netals, materials of |ow
density such as plastics (PE, nylon, etc.) and, naturally, primarily 31
mat er i al s*whi chntreduetionucet durgpledtic | ora thestheopledtic f aesinsbl er

manner. MNoreov, l\Q4, N L C iogr Léqﬁ:gc i Nt.0 respective
hol | ow chanbergi?#%?%glgdg% %nﬁ&ﬁ%ﬂu,i ?%sads% c&gr néLéJ(;{dbl e properties.

In this respect m xtures or nechanical m xtures are of particular interest

Principal+y, typidiig§tdPnsagés, i smainddits 4 tiyRddy rRdugld on gyt o and
connection of netallic matertals, plastics or special-purpose nmaterials,
and In particular glass fibre reinforced plastic materials, in structural

bodi es wh¥ch arfonat} beekindg doprwalpanfipcitsddg t he i npact or penetration of
ki netic energy projectiles and projectile parts: A The introduction as
prefabricated technical structure. B. The introduction as a | oose
(mush-1i ke or feyurachantesperatare eoel@onicermi ng A: 1. Metallic materials.
QO her materials with simlar densities and sufficient nechani cal
* shock resistance (during launching or in special target
structures such as bulkhead arrangements, composite

armourings, etc.);
* controllable disintegration efficiency;

* embedding of metallic and nonmetallic bodies such as
fragments, rods, cylinders and balls right up to
prefabricated subprojectiles and small bodies of different
shapes and materials. |

The aforementioned 1listing shall in no way be regarded as
complete.

In addition to the above statements, reference shall hereby be
made to materials other than EM whose application can be of
additional benefit in the development of new types of munitions
with high lateral effect. This relates in particular to the
field of the elastomers. Rubber acts, for example, like
polyethylene, in a dynamically incompressible manner when
enclosed and can produce very high forces on the walls
surrounding it (hydraulic module). In the case of certain types
of rubber the modulus of elasticity changes abruptly by a few
powers of ten under high dynamic load.
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strength and | ow conpressibility. Design of a technical structure. 2. The
“mentioned materials are introduced as prefabri caigl.pagdl Al gre gl ued or
i nj ection-noul ded all around. 3. Conbi nations of rning B

I nj ection noul ding of thernoplastic and fibr e-reLmﬂﬂ ? al s;

castabl e and pressable m xtures of diffegent mat el astoneric
mat eri als. DP-RTM net hods (duroplastics) for dry inserted m xtures ?nd
mechani ¢ 32.mxtures. The processes _according to. n naturally,al so
e conbi nEe - LB HEERESR e cHRTBER" 6 £8 o PaF bLCULRbH L ERBLS CoRBER i HYLRHe

t echni cal ehastogenent widh heepbsdi idddtess &orplidne | ahdodicglilon dhirable I
dynam cal | bul gi .a_ ] j L .and .- hea art] riy
it or eat i FoRiERtith (oD I CERLROLNERG) BEbaLERs TR ORI Buek EbhEELR"
di fferenttyide®rofl confipurathgngeand epnhedtidesecpansheckebtipedpént tbgs *
in the caggyofndhassmbiOreak@dpforced plastic materials: different glass
contents and resin types; * different radial and/or axial arrangenents of
the technical structures; w m xtures of differently acting materials (such

as differences alsdepoiskibaed 3l iENal MWxpdnd Gighimai by ﬁiitl@“%ﬂgtﬁi owders
pref abri cated cqnpopent, ol l ow cylinders; te] escope; cone): * placi
partly di?%eﬂb]rﬂ y%“r?éﬁfé’l( or{é'fbmgﬁg\égs n€%E- 1o Hhe Theto consiaérably

increase the mean density (e.g. GRP with > 3 g/cm3) if desired.

The use of powdery materials (metal or other powders) is also
of interest as EM, which are introduced either as unsintered
pressed powder parts into the projectile or are preésed
directly into the cases in order, for example, to increase the
density in the projectile or keep the penetration power low.

Members of the family of synthetic-resin-compressed wood can
also be used as EM. They possess a low density and are at the
same  time relatively incompressible and react in a

)

corresponding dynamic manner (such as Lignostone® with a

density range of 0.75 g/cm® to 1.35 g/cm’).

Additional pyrophoric effects in the target after the
penetration of the outer skin can be achieved by adding
appropriate materials (cerium or cerium composition metal,
zirconium, etc.) which can be incorporated easily in the GRP or
elastomer materials. But the concentrated introduction or

embedding of such materials is also possible in principle.

The introduction of explosive materials, either as admixtures
to plastics or as explosives per se, can optionally lead to a
controllable detonating disintegration of the projectile body
via the function as expanding medium.

The aforementioned extremely wide spectrum of possibilities for
combination opens up a completely new field of design for
projectiles and warheads in conjunction with the technical




* introduction of special materials with specific effects (e.g.
‘incendiary); * introduction of explosive materials; * introduction of
materials with different termnal ballistic effects: The advantages in
respect of the production technique for the design of projectiles and

war heads with such dynamically acting cegponents would be, anong ot her
things: * The inner and outer bodies (penetrator, jacket, casing, Inserts)
can be provided with any desired surface. The speci al - purpose_naterials

bri dge th%PE%&Q%ﬁ%PW%Mgﬂﬁ%@%%%l?%ra%R%ﬁ%?ea?€h§35§%abrBGE@FPB%TbﬁéééﬁBFFity
of using epfPOnerd frimin médied. Priotsichi®d) field REPLAGEOEAT i SHERIi 88 1ead
introduct{on of dunoglastic ar thernnglag%#c resins o elasﬁg rs b%

i nj ecti on® priedaur 6P EEFEPEN; CORFERT Ry ’fe&§§s,m8ﬁ Ul eI EYPRPeals or
the |ike;mimitpidmeki ng by way of threads; favourable tenperature behaviour,
shock resistance (during | aunching or in.special target structures such as
bul khead arrangements, conposite arnourings, etc.); * controllable

f ragment atr®nfeliowirgcfigunbedarag usedmiialexrlaind Honnpeasibtlboteesasuch

as splint@f Secusls, ifYbiradehipleb@doyd.l G +RisOrBELERL! T #8480 18 to 21

subprOJectlies and smal | bodies of different shapes and matérials.
relate more to the technical advantages of the introduction of
an expanding medium, whereas Figs. 22 to 30A relate more to the

technical implementation of such projectiles.

Accordingly, Figure 18 shows the case where a prefabricated
body is introduced as EM 1 by means of a thread 15,15a between
the surrounding terminal-ballistic effective material 2 and a
central penetrator 6. For the purpose of a stronger connection
it is possible to additionally introduce a connecting layer as
a gluing or soldering layer.

In Figure 19 a prefabricated body is introduced as EM 1 between
the surrounding terminal-ballistic effective material 2 and the
central penetrator 6. A connecting medium 16 is introduced in
the gaps between the case 2 and the central penetrator 6, which
medium is preferably used for the transmission of forces.

Figure 20 shows the case where both the inner surface 17 of the
projectile case 2 and the surface 18 of the central penetrator
6 have a random surface roughness or surface shape. An EM 1
that is injected for example will bridge any such unevenness
and ensures in addition to a lateral effect also a perfect
transmission of forces between the case 2 and the central
penetrator 6.

In Figure 21 the EM 1 1is introduced as a prefabricated body
with uneven surfaces. Here a layer 19 with the required
properties, which is comparable to the connecting medium 16,
ensures the technically perfect connection between the case 2

and the penetrator 6.
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The aforenmentioned listing shall in no way be regarded—as-—conplete. |n
*addition to the above statenents, reference shall hereby be nade to ot her
mat eri al s than bul gi ng nedi a whose appl i cation can s Sheet o Beed

benefit within the scope of the devel opnent of newt |on W th
high lateral effect. This relates in pardg cular to t ﬂ{w
el astoners. Rubber acts, |ike polyethylene, in a dyn ressibl e

manner when encl osed and can produce very high forces on the walls
surrounding it (hydraulic nodule). in the case of certain types of rubber
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possible to | 'gi ng ne netal pomders of high density
(tungsten, etc.) in order to con5|derably i ncrease the nean density (e.g.
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of pomdedé materials (nmetal qQr other wders) is_also of Interest  as
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inconpresgiPlfiys) 20. Appropriately thin strips 20 can be used for the
mere fixing of the central penetrator 6.

In Figure 24 bodies 21 which are either rod-shaped or disposed
behind one another and have a terminal-ballistic effect are
introduced into the EM. They are radially associatively
accelerated as a result of their arrangement on the outside. In
this way prefabricated subpenetrators or other effective parts
can be laterally accelerated simultaneously with the enclosing
body. Figure 24A corresponds to Figure 24 without a central
penetrator.

Figure 25 shows the case where notches 22 or embrittlements are
provided on the inner side of the surrounding body 2 with a
terminal-ballistic effect. They predetermine a desired
disintegration of the body 2 or assist the same.

Figure 26 shows in an exemplary manner a projectile without a
central penetrator, with notches 23 or other measures
benefitting the disintegration being situated on the outer side
of the body 2, in contrast to Fig. 25.

In Figure 27 random bodies 24 with a terminal-ballistic or any
other effect are embedded in the EM. They are deflected in a
greater radial manner by the formation of the expanding zone .
only in the case of a positioning in the outer region.




and react dynamcally in a respective manner (such-as Lignostonelerr] wth
"a.density range of 0.75 glcnB to 1.35 g/cnferr]). Addi ti onal pyrophorous

effects in the target after the penetrat|on of thenﬂgﬁggHﬁh%gl g“

achi eved by adding respective materials (cerium or aI S,
zirconium etc.) which can be incorporatxd easily i
reinforced plastic materials or el astoner naterlals ted

i ntroduction or enbeddi ng of such materials is also pr|n0|pally possi bl e.
The introduction of explosive materials, either as adm xtures to the
pl astic ntgural S2®r sisovwexpltds veqmere spandiany opiajsenabaliyhbaad B0 a@entral

controllagéﬁ%gﬁggggtl I{régqﬁgkg%kon 8&?&99 %ﬁﬂpdéeVIQlk Erent

function gl ng rre orenentrone T enel spectrum of
possi bi | ipP@5e3 05 conbi nati on opens up a conpl et eI y new field of design for
projectiles and war-heads in conjunction with the technical applications,
productlon %ﬁects and speC|aI termnal -ballistically effective bodies.
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Fi gs UFi § n§1PF8F F@ RbPePo tRE (A 3R aHt nke the
introductEM)nlrmftIae bak tp hgreibmum whereas Fig. 22 to Fig. 30A rel ate nore
to the technical inplementation of such projectiles. Accordingly, Fig. 18
shows the case where a prefabricated body is introduced as a bul ging nedi um
| by neanBhef abqvf egxarplesisarset hpbandad anbi eshont erthiatal anyal Hesikedl |y

ef fecti ve.dmd £41 abeRe BRIt Sr§ENbeALLRERBL YaPt b oF ObthdF BEERBEECQErPing
media can be embedded and fixed by way of the EM. This also
applies analogously to the case where, for example, the bodies
24 and 25 in Figs. 27 and 28 represent fragments or
penetrators.

In Figure 30, a penetrator 27 provided with a square cross
section 1is introduced as an example that the EM allows
embedding any desired penetrator shapes and also penetrator
materials (they only have to survive the launching
acceleration).

In addition to Fig. 30, in Figure 30A the central penetrator
28, which in this case has a cylindrical shape, is provided
with a hollow space 29. In this way the mass of the penetrator
can be reduced, for example. Such a hollow space can also be
filled with foam or can be used for receiving materials with
special properties (pyrophoric or explosive).

Furthermore, the positioning of bodies in the EM opens up the
possibility to influence the type and the extent of the lateral

disintegration or acceleration.

Figs. 31 to 34 show a number of examples with the principle as
proposed herein from the large number of possible projectile
designs and effective zones of projectiles.




stronger connection it is possible to additionally introduce a connecting

‘| ayer as an adhesive or soldering |ayer. Fig. 19 shows a prefabricated body
i ntroduced as bul ging nedium 1 between the anbient terTnlnaI baIIisticaIIy
effective material 2 and the central penetrator lageddi u
is introduced in the gaps between the cag ng 2 and netrator

6, which nmediumis preferably used for the transn1 Fig. 20
shows the case that both the inner surface 17 of the prOJec e ca3|ng 2 as
wel |l as the surface 18 of the central penetrator 6 has a randon1surface
roughnessrbgure SBLf shewar rdvegerasy . wMéb&llgh@gEnedisurmobatﬂﬁ i énjseéppddfor
exanpl e w any, suc nevenngss. and epsures_in ition
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Respectively ) ) . )
purpose the EM 1le is located in the tail region of the

projectile. Such a projectile 31 is capable of combining high

penetration powers with large craters and corresponding lateral
effects in the interior of the target or on the following
structures.

Figure 33 shows as a further example a projectile 32 with three
separate dynamic zones and the EM 1f, 1g and 1lh. A projectile
32 which is constructed in such a way is capable, for example,
following a partial disintegration in the case of thin outer
structures, of developing an increased 1lateral effect only
after the penetration of a thicker, further plate. It is
followed by a massive zone for achieving a further, larger
penetration path and thereafter the zone with the EM 1h for
increasing the residual effect (Fig. 32).

Figure 34 shows a cross section through a projectile 33 which
includes, as an example, in the radial direction two of the
effective combinations presented herein with EM 1 and 1i
between the cases 2 and 2a or the case 2a and the central
penetrator 6 respectively. Such combinations can naturally also
be arranged more than once on the 1longitudinal axis of a
projectile or be combined with the examples as described above.

Projectiles which contain constructionally predetermined,
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thin bridges 20 can be used for the nmere fixing of the central penetrates
*6.. In Fig. 24 either rodlike or successive bodies 21 mnth t erm nal
ballistic effect are introduced into the bul gi ng nedi Bamémﬂﬂﬁ¢ally
co-accelerated as a result of their arrangenent on th h|s way
prefabricated subpenetrators or other effiective parts

accel erated sinultaneously wth the encI05|ng body. Fig. 24A corresponds to

Fi 24 w thout a central penetratqr. ws the case that potches
22gor entFRYRIBARE sPadLedy H%Fge& S HHE lni’é‘nﬁslls&écofeftﬁ%:terﬁﬂfbs?ﬁ@" be

t er m nel -dqhipséd calith efthect effebﬂﬂyeZ pﬂh&yl;pxeed@tser me@.erz]:abédm hedein.
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or ot her an&&mgqmshwneﬁxxtlpgouhetﬁiagnenWEthonéhE|ngdﬁutuanad oncehtralt er
si de of drcontrast to Fig. 25. In Fig. 27, random bodi es 24 which
are provided mnt% termnal ballistic or other effect are enbedded into the
bul gi ng medium They are only deflected in a stronger radial manner in the

case of arpopiguedi BEA I Phé heuesteEagoNSabyni B £O5EPAING Chet BR BBHS BEs
zone. Fig._.28_shows th;}gesgectlve cas§ wi t hout a centrﬁ.?é?r enetrat or mnth a
0

| ar ger nutber 2of TS | angibrdinahodSELUSEULEsSt yr ] c % whELhhe
parti cul anécyhamtcmb‘syl sglidiyt Imenaemegemrﬁh oénéuahoﬁherecfe.lges dFsshoywn

in Fig. oy QEQ pen rs, 26 _are | g Q_t he Eul g di um
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any ot herpessitble pentreatotbe paset bat @an pa:mmprlate treatment such as
inductive hardening or laser embrittling in such a way that the

same is fragmented into predetermined bodies under dynamic
load.

Figure 35B shows the case where a case which restrains the EM,
corresponding to the case 2 of Fig. 22, is surrounded by an
outer case 34 corresponding to Fig. 35A. In Figure 35C random
bodies 37 are embedded in the case 36. In Figure 35D a ring of
subpenetrators or fragments 34 corresponding to Fig. 35B is
located on the inner side of the outer case 35.

A further element which is important for the efficiency of a
projectile is the projectile nose. Below, a number of basic
examples are shown (hollow nose, massive nose and special
shapes of noses), with the configuration of the noses in
principle allowing for the full effectiveness of the principle
as described herein, which means that it does not negatively
influence the same or supplements it in a useful way.

Figure 36 shows an example of hollow noses 38. They are used
primarily as exterior-ballistic hoods and are immediately
destroyed on impacting even light structures, so that the
lateral acceleration process can be initiated immediately by
the impact shock, as already described. Figure 37 shows a nose
39 according to Fig. 36, filled with an EM 40. Figure 38 shows
a massive nose 41. It can be of one or more than one part and




or other effective bodies can be enbedded and fixed by Way of the bul gi ng
‘medium This also applies analogously to the case that the bodies 24 and 25
in Figs.27 and Fig. 28 represent splinters or perfbisShgeiffas Be % 30 a
penetrator 27 with a square cross 3ection is intro ﬁﬁm anpl e that
the bul gi ng nedi um al | ows enbeddi ng any 4g@esired pe s and al so
penetrator materials (they only have to survive the |aunching
acceleratjon). |n agdition to Fig. 30. in Fig. 30A the central penetrator
28, whi ch*¥n BHi53R4Se hd®Ta SHIWRIScal 1Bhap@SeSs PhGFEded™WE h H2ASLYBw
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exanple. Such.a ,hol | ow cha r. can 0 he filled wt oam or can be use
rormroecei %deT%tfeér(ilhaﬁanqurF oébioa]'izi tg}eor?errot]ie & rophorous or expl osive).

Mor eover, the positioning of bodies in the bul ging nedi um opens the
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pr oj ecti|@elayrdy panner. This is of interest, for example, when the

lateral fragmentation effect is to occur at a specific target
depth or in a specific target region.

It is also possible by means of a forward or lateral (outer)
"protective device" to bring constructions with the described
lateral effect to the desired location in a target structure,
so that this effect will become effective only at such a
location. Such a protective case can also form a hollow space
between an outer case and the construction for the achievement
of the lateral effect. Similarly, the protection can be formed
by a buffering material which forms the outer case either by
itself or is introduced in the aforementioned hollow space.
Such a protective case can be of particular interest in
warheads, because with its help it is possible to introduce
individual or a plurality of devices for achieving high lateral
effects into the interior of a hardened or unhardened warhead
and thus allow the effect to develop only there.

By the equipment of a warhead with the devices as described
herein it may also be useful to achieve different lateral
effects and/or depth effects by mixing different bodies. This
can occur for example in that appropriate cylinders with
different geometries or wall thicknesses or case materials are
provided with different EM fillings.
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38 projectile 31 is capable of combining high penetration powers with |arge
‘craters and respective lateral effects in the interior of the target or the

followi ng structures. Fig. 33 shows as a further exanple a ro ect ﬁ 32
with three separate dynam c zones and the bulging ne iﬁ Aﬁm'

projectile 32 which is arranged in suchgg way is cap

partial fragnmentation in the case of the thin outer s

devel oping an increased |lateral effect only after the penetration of a
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It is also conceivable to replace pyrotechnic devices in
projectiles or warheads by inert materials (EM) or, to the
extent as is permitted by the safety regulations, to embed the
same partly or entirely in these in order to obtain inert
effective bodies with high lateral effects. Such reconfigured
munition bodies or warheads could then be used according to
their altered mode of action for new purposes or be used as
practice munition.

The lateral principle as described herein can also be used:

* in combating missiles and warheads (TBM);
* as effective or partial component in warheads and
missiles.

In combating warheads, and TBMs in particular, one can assume

very high impact velocities. This not only assists the build-up
of a pressure field and thus the  initiation of high lateral
effects, but the proportion of the effective EM mass required
for the effect is reduced accordingly. In all other respects
the laws apply in combating hardened or unhardened warheads
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39 Fig. 35B shows the case that a casing danm ng the bul ging nmedi um which
*carresponds to casing 2 of Fig. 22, is enconpassed by an outer casing 34
according to Fig. 35A in Fig. 35C random bodi es 37 are enbedded in the
casing 36. In Fig. 35D a ring of subpenetrators or splinters 34 is |ocated
on the inner side of the outer casing 3%4 corresponding to Fig. 35B. A
further elenent which is inportant for the efficiency of a projectile is
the projectjle tip. Below, _a nunber of principal exanples are_ shown (hollow
tip, massYRECR| Bagfd 3perIdY PoeRs SESEugigd wht HFhshedgFFaARERRRt VF Ehe
tips printapatdy epfsitleigansthedfffdreaid acdigeangss of the principle as
descri bed herein, which neans that it does not negatively influence the
same or supplenents it in a positive way. Fig. 36 shows an exanple for

hol | ow tipE§ 3the Tpeynariplesedsprdesrrihedis hexediabaisi sised haedsefifidcalee

i rmedi at e ﬁgz& y on.d | ng 1 ght LUuct ur LB he

| at er al aclt::%m er%rﬁ?oﬁﬂbr g?:leéégs%'aj'ccéziéd beeg%bﬁ‘{jlgllé)t% edh;%ttni’r%gi at(gﬁ?mé)gl%géhls%pa%?d
shock, asvawekeads cafly Judsledi . wHwideay nhosslest i pitbenctbedibngyt aFi g.
36, filleghdidhRndubei EdRMHdHN 48coFiing3&Shewe acPBSSHYCad 'ngréﬁosé&
can be of one, or several parts and is useg in_cases where nore nassive

prel i mi na?SEeHhoRk i hgstaresed 82 PefetbaiRar WfPRovRe aRy PakRdfgvices for

f ragment apredueing lei g ol eedtd . efight 39A and Fig. 39B are used as exanpl es
for special fornms of tips. In Fig. 39A the bul ging nmedi um 42 reaches into
the tip 43. In Fig. 39B the tip 44 conprises a bulging nmedium45 in parti al
zones. By way of the arrangenent, design or selection of material of the
respective tip or the forward part it is possible to start the initiation
of a high lateral effect both in an accel erated manner (by a particul ar
rapid transm ssion of
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the shock | oad and thus rapid buildup of pressure) as well as in a del ayed
<manner- This is of interest, for exanple, when the lateral splintering
effect is to occur at a specific target depth or rn—a"specttte-taeget

region. It is also pOSSIb|e by neans of a forward o teraI (outer)
"protective apparatus” to 40 bring s erstructur @Pd bed

| ateral effect to the desired | ocation |n a target st at this
effect will truly beconme effective only at such a lo

protecti Vvelaim$sng can also forma hol | ow chanber between the out er casi ng
and the arrangenent for the achi evenent of the lateral effect. Simlarly,

the protection can he fqrmed by a buffering mater whi ch for the puter
casi ng either %ygrtoé@lcltl&te i QT | HFFB&Géed‘—L‘?lg Fﬁ@ﬁ%bPEWWBﬁfgﬁﬁs’
chanber . éhm&aetewxﬁemtinetha3|egnm&mﬂmahﬁwxzhtpra&tucalﬂywnsttenminal-
war - head cause W ei[_he I b I
or a pl u%?f)f of© appfaf%% useésfoégac%x%%?ﬁgé h+§%lﬁ%5 3 ??ec?g %gf?he
interior erﬁveldrm@tehyda@r auitear deodyl (&) - hede @fd av penebrat bon omatasial
effect t rrqg;lc_ﬁ rdagead with the

devi ces %f@gg%%%&di’%é{@ ?yerrfa:)?ea EEL lSI rsecgldg%[o achi eve different

| ateral effects and/or depth effects by m xi ng different bodies. This can

occur in such g vvqyré cexedpl &r t hatarrRsRECt la\ceocrystm@dereov\n tbldttfnferept
geonetrl es or V?It { %cknesses or casi ng mat er ﬁ I oVl
¥ Fca

di f f er ent SARFPF G122 Lr i B £ HRRFngtleA ?th’@?1 ?’éi:‘?\ ?Veve?y %FEFB% ng
appl i cat i @bhf Hérérmee | ot eredpecnoephttiss drrditned herein nay be obtai ned when
anmuni ti on bodi es or war-heads are to be converted or disposed of. It may

be of econom c interest to change froma too expensive or too
3. A projectile or warhead according to one of the preceding

claims, characterized in that a massive penetrator (6) is
arranged at the centre of the expanding medium (1).

4. A projectile or warhead according to c¢laim 1 to 3,
characterized in that the expanding medium (1) is made entirely
or partly of a light metal or alloy thereof.

5. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium

(1) is made entirely or partly of a fibre-reinforced plastic.

6. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) is made entirely or partly of a duro- or thermoplastic
material. )

7. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) is made entirely or partly of an elastomeric material.

8. A projectile or warhead according to one or more of the

preceding claims, characterized in that the expanding medium
(1) is made entirely or partly of a dense and dynamically soft

¥ HAS BEEN !

metal or a metal compound.
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I nef fectual concept to a novel technol ogy. Thus i-+—4s—tmaginable-that parts
+of. the ammunition are renoved and repl aced by bodies with the high Iateral

effect as described herein. It is also possible toTb$@®§fhnBGm
defornabl e body or to introduce the sane by way of
predeterm ned projectile (W th or w thoyig i nner part y t hat

the lateral effect as described herein can occur e nom/nD

projectile. It is also imaginable to repl ace pyrotechnlcal apparatuses in.
projectiles or war-heads by intert materials (bulging materials) or, to the
extent_as?is 918 tjé@tlﬂeéI hexr Sﬁi?%dadeaubakdﬂﬁg tioo ﬁ@edrt h@ﬁ@f pahélhy
or entire in.these.in order. to obtain inert ective . bodies wt

hi gh | at ePg CePtRg ¢ £1admsy r‘éla%ﬁ??w)eﬁe%nﬁﬂm‘fr?%m B§8| SFERANRNT hBEHE Pan
then be uskll hsaoadée ngntiréely ot tpaed efdfe goWderneankEignesess or be used as
exercising amunition. The lateral principle as described herein can be
used: * for fighting mssiles and war-heads (TBM,; * as effective or

partial cd@pondnpriodestileesrs watheadshceordingcdishaene ngrnacneE, thad
TEMS in papebedlay: AuGnRan SRSHEELYLlYedi OR | EIRACT chBCparklify Akl

supports e build-up of & pressure field and thus the initiation of high
| ateral ef#bcERNTHIRS ¢ HELIFRARES DAL Ny VL W13V IRA LA ct.
required for the effect is reduced accordlngly In all other respects t he
| aws applxénn onbat.t i har dened or_unhard g%ﬁgmggiheads whi ch

ai r oady. bbbh dhoBACIERS IR QRSERTRT] BROGE S35 o AL nthe
di ff erentptacedisg bﬂaMm54nchm1a¢EEEmzd@samlxhhmethenexpandxhgnmedlum

”iSSiles’(fjegsﬁegiygdégﬁstances additionally with an explosive effect.

12. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) is made of a mixture of materials according to claims 4 to
11.

13. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) is entirely or partly liquid.

14. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) 1is pressed, injected, cast or introduced by negative
pressure into the outer body (2).

15. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) is made entirely or partly of prefabricated structures.

- 16. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) is made entirely or partly of two or more components which
are slid into one another.

17. A projectile or warhead according to one or more of the
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(subanmmuni tions) and war-heads of gui ded or ungui ded m ssil es, either the
*body. tan be arranged according to the concept as pﬁbpﬁ&adiahggegk% S

14
used as a vessel for one or several apparatuses for Tateral
effects. Wiile the invention has been illustrated an ,ﬂ% enbodi ed
in a projectile or war-head, it is not igwtended to be
details shown since various nodifications and structural changes nay be

made wi t hout artl in an fromthe,spirit of,the present invention.
Uhat 15 CPESSRSLE FagilRa dosTacr el ARA pidt diidhy b G cEarth oo,
_forth in (he ﬁspmadedenltatm&y or zga%ﬁtld\y CGfaitwo lor Anpre)j eompbnentsmhmhad

for conb n i ng a bul ging nmediumnade (1) from
a materi :%E%e%l]géﬁ Stan l{l % ' na%ls'bal listically ineffective and

showing little conpressi bi I [ ty, and an outer body (2) radially enconpassing

the bul 9' ”Eﬁ' g%éé):tﬁ'i‘g @dewéfl?é’%@ BEE?%&%{;\? ﬁﬁé' 8k WYreh 46 the

conS|dera rm nal listic ect ative to the materi al
of the bLﬂ’@?‘F@dHE% Gﬁqalmserenvfpﬁwéthﬁ%glﬁecﬁhﬂﬁ ( thej expandimppingdium

material i f hard densi syt fbsdent2 f rore acdisdtdad oy thenmiey i@ls)of the
outer body (2), the ratio of a density of the material of the bulging
medium (1) to a density of the material of the outer body (2) is less than

0.51, andi®he Aubgodectedieuror 1x)at]5eamd_acebtaliﬁgyt@r qres t by mlora nef ethal
select od bEOTANG OLIURNEON UL A &i J AN il 20He LB A k88 un®

fibre-reinforce
(1) and the outer body (2) and, optionally, the central

penetrator (6) are connected by gluing or soldering (16,19).

20. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) and the outer body (2) and, optionally, the central
penetrator (6) are connected by form-locking.

21. A projectile or warhead according to one or more of the
preceding claims, characterized in that strips (20) are
entirely or partly located in the expanding medium (1) between
the central penetrator (6) and the case (2).

22. A projectile or warhead according to one or more of the
preceding claims, characterized in that bodies (21,24,25) are
entirely or @partly embedded and arranged or randomly
distributed in the expanding medium (1), which bodies are
identical or different, are rod-shaped or are disposed behind
one another and have a terminal-ballistic or any other effect.

23. A projectile or warhead according to one or more of the
preceding claims, characterized in that the bodies (21,24,25)
or strips (20) embedded in the expanding medium (1) possess
pyrophoric properties.

24, A projectile or warhead according to one or more of the
preceding claims, characterized in that the outer body (2) is
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material, a duroplastic or thernoplastic plastic material, an elastoneric
‘material, a dense and dynam cally soft nmetal or nmetal conpound, or a

m xture thereof. 2. A projectile or war-head as defined in claim1, and
further conprising a nassive penetrator (6) arranged centraTHi%hEd@HLJB%enReplaced

bul ging medium (1). 3. A projectile or vgy-head as defined i

wherein the bul ging medium (1) contains a material wth porp #”"I
4. A projectile or war-head as defined in claim1l, wherein tne _

medi um (1’5‘a%%n?5i?lsmag%‘§%?‘73afry Vit & R Mstals. A projectile or

war - head as clainmed in claim1, wherein the bulging nediumis nmade of a I
m xture fgomc ents.selected fromthe grqup consisting of |ight a
and its a??by,gpg%r é-ef%l‘l; orocredw%ﬂé%? caﬁﬁgaa%ﬁﬂ, %8’ur%rb agfi Joge” of ngﬁe
t her nopl aprécediner cahime| ashemaciterimedr iial , thetnsthandudemamosht | {2s0is
met al a”%éd@%?'amdé@,m y, material, material wth porphyrous

al wt

effect, and materi exp_oswe' ef fect. 43 6. A projectile or
war - head as defined in claim1, wherein the bulging medium (1) is entirely

3}1 part| yzh 6i gUAdpijeég_ﬂﬂ.@j eﬁ; iJJ&r}@éa&aagesgdiagt Qgsf idggégt bgr ﬁoﬁ*tepo%% (Ehe by
erein the bulging i um i s _pressed,, i njected, _
pressure %’é‘?%%élg‘%%ggﬁé’i“?c ig"’#fi&apﬁgré'yﬁ?gr PodyPad) the, Oﬂtﬁﬂ-’oj@ﬁiﬂ | bris
war - head mesdeledf nedvery datdn dtestherei n t he bul gi ng nmedium (1) is nmade

entirely or partly of prefabricated structures. 9. A projectile or war-head

as defined in claim11, wherein the bulging nmedium (1) is
27. A projectile or warhead according to one or more of the

preceding claims, characterized in that the outer body (2)
gives rise to subprojébtiles or fragments in a randomly
distributed manner.

28. A projectile or warhead according to one or more of the
preceding claims, characterized in that the outer body (2) is
pre-notched on the inside (22) or outside (23), or is
correspondingly embrittled there by heat treatment.

29. A projectile or warhead according to one or more of the
preceding claims, characterized in that the outer body (2,34)
is made of a ring of prefabricated individual longitudinal
structures which are mechanically connected or glued or
soldered together.

30. A projectile or warhead according to one or more of the
preceding claims, characterized in that the outer body (2) is
surrounded entirely or partly by a case (34) which
disintegrates into predetermined bodies.

3l. A projectile or warhead according to one or more of the
preceding claims, characterized in that the case (34) which
disintegrates into predetermined bodies is arranged between the
EM (1) and the outer body (2, 35).

32. A projectile or warhead according to one or more of the

(T




made entirely or partly of two or nore conponents which are slid into one
another. 10. A projectile or war-head as defined in cl amgheetggq;egd

bul ging nedium (1) is nmade entirely or partly of two or

which are arranged successively behind one another. 11.

war - head as defined in claim1, wherein gde bul gi ng nem

outer body (2) are connected by a thread (15) 12. A prOJectlle or mar-head

as defined in wherein the buI ) and the ter_b g

(2) and, BpEFS é&ﬁ?y?%FﬁQSCeﬁpﬁépcﬁgﬁéF d§a%r Eoﬁ%€f¥bd° Y gl(@r ¥or
sol deri ngc¢dBain®) emntfioreby ocloirng. pdBt1A prsegménﬂsa Obﬂ\ﬁrplﬂegdbﬁﬁcﬁﬁédned
in claim dges partly or entirely |located in the

bul gi ng ngeudo#&ﬁ%&bf%%/\e% %%%&%eeﬂtrs?al penetrator (6) and the outer body
(2). 14. A projectile or war-head as defined in claim1, and further

conpri si ngzbodj eg, rﬁééct%ie 29 Wﬁ%ﬂé¥d05088%§iﬁ§yt%WQQQQ ﬁ g%&%nQEP Phe

randomy distribputed in the medi um whereln t les are

di f f er entPERCIFENG aFb21B$ e FbﬂréﬁﬁﬁéHZ%@ aRe tAREpdded segeadiel §2behaad

one anot her , imel ad Larbett el NN td1alid Stdialde Pvedt herevisagehf ective. 15, A
projectile or war-head as defined in claim14, wherein bridges (20) are

partly or entirely |located in the bul ging medium (1) between the central
penet r at 034 ( 6)A apdotketdilieerohodyrie3d atcbedﬂgoﬁte elreneot merectet! £hem

o o ( BEESEEY DL LlyBL AR Aeherizad s BTendr) (HIDRAARE Wbd e 2} R

medi um (1 avi-ng por phy rous
an outer dlameter which is varlable over the length

35. A projectile or warhead according to claim 33 or 34,
characterized in that the outer body (2) has wall thicknesses
which are variable over the length.

36. A projectile or warhead according to one or more of the
preceding claims, characterized in that the central penetrator
(6) is made entirely or partly of high-density sintered or pure
metal.

37. A projectile or warhead according to one or more of the
preceding claims, characterized in that the central penetrator
(6) is made entirely or partly of brittle metal.

38. A projectile or warhead according to one or more of the
preceding claims, characterized in that the central penetrator
(6) is made entirely or partly of very hard steel.

39. A projectile or warhead according to one or more of the
preceding claims, characterized in that the central penetrator
(6) has a random cross section (27) which is entirely or partly
variable over the length.

40. A projectile or warhead .according to one or more of the
preceding claims, characterized in that the central penetrator
(6,28) entirely or partly has a hollow space (29).
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16. A projectile or war-head as defined in claiml, wherein the outer body
"(2) is made of a material selected fromthe group consisting of sintered or

pure netal of high density, brittle nmaterial and aﬁﬁs%ggetﬁ;s hagdness.
17. A projectile or war-head as defined in claim1, er body
~(2) allows subprojectiles or splinters t5;a)or|g|nate " IIy
distributed manner. 18. A projectile or war-head as

wherein the outer body (2) is pre- notched on the in5|de (22) or out5|de
(23), or is respectively enbrittled there by heat treatnent. 19. A
projectilélor maprodadtddedein neairheladl abnsbi:dlmgertei mméleonummrebww (:Béa i's

d f | | l,. st
ade of SREARR.h PLSLIRG, LA el opgLt Vol S S Moel
war - head becaeédnedni n ’Q:h%u np@nemnet@rn t(ﬁ@)out@ntl@ddsﬁ (aub%tmpaﬁged

ei t her ébﬁfé%c){; &&aiéyom?y%éé é%@fa& ?}Jéfegglﬁs into

pr edet er m ned 21. A proj ect or war - I ned in claim 20,
wherein the casing (34) fragnmenting i nto pr edet er mi ned bodi es is arranged

bet ween thg, bUAgp%J@e@ﬂ@ (d ﬁaﬂhém aet:eﬁ_»d@ﬁgy t(o2)one?20rAan@ est i LReOr
war - head as def | ned mB‘P wherein the o ody é % c ns
entirely BF%%?‘H‘? giamﬁzs rﬁFEP&BFFéatlé‘d "3? ®ctrieS2or §BPi REEPS.
23. A projéce8) chas asvarameead sisrfiede neithpingl aim 1, wherein the out er body
(2) has wall thicknesses which are variable over the length. 24. A

projectile or war-head as defined in claim2, wherein the penetrator (6) is
provi ded #8th A pardectdlesorec¢arbead 2arcadihgi stOpacmeb your mamne ref ythe

vari abl e gy I 2 lechiyl §nor astHsii pedek Ebglm
2, Wwher EIﬁ ? eea%g ete?g%@?' %haﬁg;&ﬁ:glrﬁ EaF‘ownchta er 293: eFtﬁ B aret I’m'a
entl rer is made entlrely or partly of a pyrophoric ma eria

contains such a material.

44, A projectile or warhead according to one or more of the
preceding claims, characterized in that the central penetrator
(6) is made of a mixture or mechanical mixture of different

materials.

45. A projectile or warhead according to one or more of the
preceding claims, characterized in that the central penetrator
(6) is made of two or more individual penetrators (26).

46. A projectile or warhead according to one or more of the
preceding claims, characterized in that centrally there are
arranged two or more individual penetrators (26) two or more

times behind one another.

47. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1b,1c,1d) is arranged in a stepped structure (30) with a
terminal-ballistic effect.

48. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) is arranged in the forward region of a structure (31) with

M) R
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45 26. A projectile or war-head as defined in claim25, wherein the hollow
“chanber (29) located in the penetrator (6) contains a material for
achieving additionally desired effective properties. 27. A projectiteor—
war - head as defined in claim2, wherein the penetrator (m)sshéu@;s VI ed W|th
a random surface shapi ng. 28. A proj ectigie or war-head a

1, wherein centrally there are arranged two or nore indi ors
twi ce or several LUCCeSSi behi nd one anot her. e or
war - head &s %I’eIFJrIﬁ%jd'n%‘nl]z 54 1° yfgﬁ%t'f urther conprising a stepped

termnal -ballistically effective structure for accommodati ng the bul gi ng

medi um (1)4 30 L M a eflndln claim, and_further
conpri si n%g a t%r rBé%UEgEL i |e°s ?/Q(gf scgélr g gty l?ctcmee oﬁh&oé:l n ?fhegf1
bul gi ng neeeeeding acladged |¢h%1rd¢irem@bctome d:fhathether raxpadndmaid i medtahl y

ef fective(sdy UCE UL BraRdedAiRl RhEC gl I 1,
and furt ht(ar )(r:orrprl sfﬁ &3 t(lar m nal -ﬂeggcl e ti calhzlﬁfl1 efa:TStect Ive st $ uc)tcu‘rg%at,LjPl

wher ei n t HerBEAR TR e i af E8%tenged |n a rear zone of the
term naI-baIIistlcaIIy effective structure. 32. A projectile or war-head as

defined i ml aﬁg It'Lurther sin atermnal balllstlcalréﬁ/ .
ef fective ‘tr tBFSJe &r&i P4 nee ‘?ﬁn@c BHRFi $0arfhgRE MPTe t thee
way successecadingebiladmspe chmtdererizddieiherytiatal thal Ie:qﬁarﬁﬁlﬂg/ akfeahi ve
structure r C € s defined ein,the
bul gi ng rrgdf?) %rﬁ i sﬂa?irsgnégie]?ng %]lt?rﬂeasr?r a‘g“eaﬁ (]3&”1116?I ??\e ag?ﬁ:ﬁ%{u?%

Wi th the ZaStriEtuss cBar evitar rﬁ rteﬂrnbaiah-éialdamtylceferféetcrtve and encl ose the

respective bul gi ng rredl um 34. A projectile or war-head as defined in claim

1, wherelg1 t he bu g medium (1) is
A pr je tile or warhead according to one or more of the

preceding claims, characterized in that the expanding medium
(1,1i) is arranged more than once radially in a structure (33)
with the cases (2,2a) which have a terminal-ballistic effect
and each enclose the respective expanding medium.

52. A projectile or warhead according to one or more of the

preceding claims, characterized in that the expanding medium is
arranged once or more than once radially (1,1i) and once or

more than once axially (le,1£,1g,1h) in a structure (33,2,2a)

with a terminal-ballistic effect.

53. A projectile or warhead according to claim 51 and 52,
characterized in that a central penetrator (6,28) or a
plurality of subpenetrators (26) are arranged once or more than
once behind one another in the structure (33).

54, A projeétile or warhead according to one or more of the
preceding claims, characterized in that it has a hollow
aerodynamic nose (38).

55. A projectile or warhead according to one or more of the
preceding claims, characterized in that the expanding medium
(1) has a pocket-like recess on its end face.

) O S
* c L M s * .



constituted of one or nore radially arranged elenents rents (1, i) and—of-one or
‘nore axially arranged elenents (le, If, 1g, lh) in o & ] nal - balllstlcally
effective structure. 35. A projectile or war-head a epldcedi m 33 or
34, wherein the structure accommodates a central ) or

several partial penetrators (26) once orgseveral y behi nd
one anot her. 46 36. A projectile or war-head as deflned I n cIa|n11 and

furth ri |.l.ow aerodynami cal tip. 37. A projectile as deflned
il m 9BE wRerhod Shd 18I GH nEe ERAR G AP SORRADBAES VoS SEpaEs 9F KEhe

recess onprésedimg sildéms38 ch/ammje&atzldde iof vest helad has c&fmagdlgg @k@l—m
1, and fu r | one- part or multi-part tip. .
and 1 é&P@ ox?%giff parf f8se Y . ; .

projectil® or war-head tlaim 38, wherein the tip reaches into
t he bul gi ng medi um of the projectile or war-head. 40. A projectile or

war . head g3 degl ngdd el alan Lo,and Lupblar CoapoEsing a dd b Wi

filled fuIIy or partl'y wth a bul ging nedium proj ect c a(n11
as a spi nSRERFFeLhRECd UL EBRtbEhepMGSact (419, weachgR me‘i-)? ethel @xganduagm 1

as an aergpéynafi ¢Bj | ¥f stiediprFfsedild salid@iedyoj ectile. 43. The
projectile of claiml1l as a spin-stabilized subcaliber discarding sabot

projectile. 44. The projectile of claim1 as an aerodynam cally stabilized
di scar di ng8 sabdt ppodeettiilkee.ortSwadheadr ageordli fgoftoc| sridn dri mdree éor ahef a

hybrid profecldl gy d81aThe Prokastide Qhogl i T imthesformal & oq
prol (39,43,44) which is fllled entirely (40) or partly (42,45) with

an expanding medium.

59. A projectile according to one or more of the preceding
claims, characterized in that it is spin-stabilized as a full-
calibre projectile.

60. A projectile according to one or more of the preceding
claims, characterized in that it is aerodynamically stabilized
as a full-calibre projectile.

6l. A projectile according to one or more of the preceding
claims, characterized in that it is spin-stabilized as a
subcalibre discarding sabot projectile.

62. A projectile according to one or more of the preceding
claims, characterized in that it is aerodynamically stabilized
as a subcalibre discarding sabot projectile.

63. A projectile according to one or more of the preceding
claims, characterized in that it is a hybrid projectile.

64. A projectile according to one or more of claims 59 to 62,
characterized in that it is a projectile with combined

stabilization.

65. An unguided missile, characterized in that it possesses
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one or more warheads according to one or more of claims 1 to
58.

66. A guided missile, characterized in that it possesses one

or more warheads according to one or more of claims 1 to 58.

67. A dispenser (a container under an aircraft), characterized
in that it contains subprojectiles (e.g. effective bodies to be
expelled) according to one or more of claims 1 to 58.

68. A distance dispenser (self-flying container under an
aircraft), characterized in that it contains subprojectiles
(e.g. effective bodies to be expelled) according to one or more
of claims 1 to 58.

69. Guided or unguided missiles, characterized in that they
are subprojectiles (e.g. expelled effective bodies of a larger

unit) according to one or more of claims 1 to 58.
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