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TECHNICAL BACKGROUND
In protection arrangements, a distinction must basically be

made between arrangements that are perpendicular or
inclined in relation to the threat, homogeneous (massive)
and structured (comprised of several layers of protection).
Another distinguishing feature is the manner of the
protective effect. A distinction iz here best made between
passive, reactive, active and inert-dynamic configurations.
Arrangements are referred to as reactive protection when
pyrotechnic¢ components are initiated by the incident
threat, and as active armor given the controlled initiation
of the latter. Protection arrangements are inert-dynamic
when the protection or parts thereof are accelerated solely
by the energy of the incident or penetrating threat.
Bulging arrangements (bulging plate arrangements, bulging

structures} represent one example of thig.

Reactive arrangements against both hollow charges and
kinetic energy penetrators have been known since the early
1970’s, 1in which pyrotechnically accelerated elements
laterally disrupt or deflect the incident or penetrating /
piercing threat, thereby diminishing the penetrating power.
Predominantly involved here are gingle or multi-layer,

unilateral or bilateral linings of the explosive, most



often with nmetal plates. Such arrangenents are used in arnored
vehicles. In reactive protection arrangenents, the pyrotechnic
conponent poses the main problem in terns of both handling and the
various | oads placed on the structure to be protected or the

battl efield follow ng detonation (collateral damages). The quality of
this type of protection is determned first and forenost by the
anount of explosive used in the entire target, by the percentage of
area detonated upon inpact of the threat, and by structural neasures.
In light of their very high penetratinpg_power, antitank weapons

equi pped with a holl ow charge warhead pose a main threat in
particular to light to noderately heavy arnored vehicles. PG 7 and
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The protection arrangenent described in EP 1 846 723 Bl itself
consists of a carrier of anydesign that is inclined in the incident
or effective range of the threat, to which pyrotechnic |ayers are
applied on both sides. Initiating both |ayers generates shock waves
and reaction gases, accelerating the latter both against and in the
direction of the penetrating threat. Atholl ow charges, this disrupts
both the front, powerful jet elenents as well as a significant
portion of the overall jet |length. The pyrotechnic structure is here
at | east approximately in a state of dypam c equilibriumover the
entire duration of effective action, and exerts no relevant or

di sruptive influence on the environnent in ternms of final ballistics.
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Since relatively large areas {(on the order of 100 mm x 300
mm) are made to detonate in conventional protection
arrangements, the latter place a load on both the
environment and their bearing structure. Such reactive
armors already involve modules area(reactive area elements)
with a delimited area size. In lighter combat vehicles, the
use of <zreactive components is highly restricted or
impossible due to the load imposed by the reactive system
itself.

EP 1 846 723 Bl, which relates to the reactive protection
device known as“ERICA”, describes and critically discusses
other patent documents disclosing reactive components by
way of example. Involved here are the documents US
5,824,951 A, DE 37 29 211 Cl, US 4,741,244 A, DE 199 56 257
cz, DE 199 56 1%7 Al, US 5,637,824 A, DE 37 29 211 C, WO
94/20811 Al, DE 33 13 208 C and DE 102 50 132 Al.



a very high effectiveness; an optinmal adjustability to the area of
the objects to be protected; the small est possible detonating area;
the reliable and very quick initiation of the inpacted field; the
prevention of any unintended initiation of adjacent fields; the
prevention of any fragnent |oad on the vehicle's environnment; no
limtation on the vehicle's nobility; as nodular a design as

possi ble, so that parts of the protection system can be attached or
renoved during the mssion as the case nmay be; no hazard caused by
the explosive on the vehicle; a prevenption of the formation of
ballistically effective fragnents or the |oad on the environnent

caused by the devel opnent of the effect of the reactive mddle |ayer.
The protection arrangement described in EP 1 846 723 Bl

itself consists of a carrier of anydesign that is inclined
in the incident or effective range of the threat, to which
pyrotechnic layers are applied on both sides. Initiating
both layers generates shock waves and reaction gases,
accelerating the latter both against and in the direction
of the penetrating threat. Athollow charges, this disrupts
both the front, powerful jet elements as well ag a
significant portion of the overall Jet length. The
pyrotechnic structure is here at least approximately in a
state of dynamic equilibrium over the entire duration of
effective action, and exerts no zrelevant or disruptive

influence on the environment in terms of final ballistics.

OBJECT OF THE INVENTION
It is the object of the present invention to provide an

improved reactive protection arrangement, with which for
example also moderately heavy and only 1light armored
vehicles having a correspondingly slight baseline

protection can be protected against hollow charges.

SUMMARY OF THE INVENTION
This object is achieved by a ©reactive protection

arrangement comprising the features of claim 1.
Advantageous configurations and further developments of the
invention are subject-matter of the dependent claims.

The reactive  protection  arrangement for protecting
stationary or mobile objects against threats posed by
hollow charges, projectile-forming charges or kinetic
energy penetrators, which 1is or can be secured at a
distance to the side of the object to be protected that
faces the threat, comprises at least one protective area
arranged at an inclinastion angle relative to the threat
direction, wherein this protective area compriges a front
cover that faces the threat, a rear cover that facegs away

from the threat and is spaced apart from the front cover,



Contrary to conventional protection devices, the present invention
provi des a protective design / protective concept that is in partial
aspects at |east equivalent to the known arrangenents, while being
clearly superior when viewed overall. The invention relates to a
reactive protection -6 arrangenent partially lined with explosive,
in which the incident threat as a general rule only triggers a
conparatively small part of the overall area, and thus in particular
causes little if any |l ateral damages. Such a reactive protection

devi ce conbines a very high effectivegess with a mnimal detonating
expl osive area. The reactive protection arrangenent is or can be
fixedly or detachably secured to a side of the object to be protected
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Contrary to conventional protection devices, the present
invention provides a protective design / protective concept
that is in partial aspects at least equivalent to the known
arrangements, while being clearly superior when viewed

overall, The invention relates to a reactive protection



The al |l -around plugging of the reactive partial areas of the at |east
one reactive mddle |layer of the at |east one protective area is

achi eved by the front cover, the rear cover, as well as by a |ateral
pl uggi ng of the partial areas. -8 protection structures may be

gl eaned fromthe above terns and their definitions. For exanple,

pl uggi ng the explosive area or explosive field on all sides causes,

i medi ately after the holl ow charge jet has inpacted, its conplete
and optiml conversion. In this way, the protective elenments to be
accel erated can be accelerated in a _short enough tine to a speed high
enough to allow themto laterally reach the HL jet, divert it and

t hereby decisively reduce its effect. The expl osive plugged on al
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In the reaction of an explosive body, a distinction is

basically made in terms of the arising reaction kinetics



M ni m zing the detonating expl osive masses in the individual fields
makes it possible to also prevent the detonation fromspreading to
the adjacent field given conparatively thin (only several mllineters
thick) lateral borders (plugging), even in the case of nore active
expl osions. At the same tinme, such thin webs ensure that the
protective performance remains uniformy high even - 10 - given hits
on the borders or webs. This also applies in cases where hits lie in
the region where three or four partial fields converge. A
correspondi ng geonetric configuratiqgn,of the individual fields (cf.
e.g. Fig. 14) also enables the prevention of longer, line-type
potential weak points. Subject to conpliance with design provisions
rel evant tPEFEeRt, CPMBUDrigtess S 1EVRBI PRy upredenal — detonation
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latter are g %ﬁo?k@é%&d gven%gghﬂy apL QN pethenel %%ué%i)oc?r%" o"%«?ly

known bulgln ates or arrang enent can
covering t & r%%’a%]t Si&eni Witwe ay%r emfbﬁd@?@e iRaniet , CPREST art| e’rtspl ate
can be | ar gehyead] a5t ed dietiyst ton diwcttahede Spkod fliec atsidenpe bredmtended

addi ti onal sQ QESCtﬁ ?EEQPQ%' ChangRE SHAMPLE, et tl%rflﬁéﬂc}:h#
consi st of O&g tvvelg netal, steel” or a non-netallic material

lateral |y plOUGErHY of"the? e%bF&?ﬁGequgpanﬂ thﬁleYBFﬂ%lJ@ef|%T6§fnust
be desi gnedunfhuercordaprenatelst lvbapyegdinirs peles f reaqdmcanstfertshe The
dynam c efEQ@qbygagss stens both fromthe physical / nechani cal
regularities as well as fromthe specific properties of the layers /
interfaces involved relative to the passage of shockwaves. The

i nt er f aces Thet &g cthetdyiimm eeaftddbe S<ayerive ARl Ltas enNer PRHFRIL

pl uggi ngs aﬂ?stmﬁuaﬂh@peﬂfsnﬁéﬁﬁdﬁﬁr%saretbeﬁevéfsﬁI§EémsT}Ebm the
properties [ e in_relatign o] S S SS
are descr|5%- Eggthgéégql égirgflé%glokﬁcoeg%%gﬁengg m?¥§ e

| atter detépﬁiﬁéém%qﬁ§lﬁéﬁlé&téﬁ@@soﬁ“FH€u§ﬁﬁ%kméb%seﬁﬁ PHe'S - nﬁgﬁface
bet ween tweheonstensedenedya hasedioipisheatorytel athoer fiCe= batdgdn mrl)
with mrl b Bgogb@e Gt b@ﬂﬁdﬂy %@.1p5.9dﬂ?tt§lrge8§ﬁ&:yal( R)ltﬁnges ect

| ongi t udi nal und ve&p%}ty rod. wave vel oci t &' he materials
i nvol ved. Tie tg’a‘f of %&ffoc BRAVEET | hnfjn‘ée%ﬁlﬁd Pﬁlﬁ%“ér THEL WEEh

bot h mat er itaks tnfaksssorpﬂ atethe tdragtinnefiswctd drhenmerrpebet prroduttise( p x

c) of the GOBBRNEA! ShAE rndelli Badn Datdef @fc 564 8L ed10RL ehb@l et
pai rings mnll bezgresented %ﬁgprOVI e a rou egtkpat (pxc of. bot h

material s: T o‘rf%':](" Yy ohl SSTIBDBY ¢ he
shockwave éﬁf@ﬂgy a5 wedfl| agt &l the ﬁhér@m@rﬂga@@db@w/een st eeI and
copper); St/Al1 4.1/1.4; 11.7; 0.49 (reflectance about 49%;

St / expl osi 0 4 (refle 4 /e Si
1.4/0. 12; \ﬁ‘e a&éi @%&Z ?ﬁ’&c‘?‘[ By eo(é“cbgd‘te gf%@g%é%é% e °§§
6.54; 0. 73 tPPeF‘Fe%%%ﬁ‘Fcém&béﬁf"c‘?B‘% migddet F%Y%&rﬂfoéﬁl’\?ea@ é%?%)t 1021e
5.25; 0. 68pfpettentanceaboutadifedThe poet foonof cdiewctine rear

transmitted shockwavehnfluense isihp.pe Cﬁiﬁfgﬁe@”‘ddf"%ﬂe | piluenced

via the material -specific properties of the | ral'ly plugging webs
and the co#&F8%of the explosive fields. This circunstance is al so

The special advantage to arrangements according to the

invention in comparison to previously known reactive



In a preferred configuration, the pyrotechnic protective structure
according to the invention consists of a carrier (rear cover) that is
inclined in the incident or effective area of the threat and has

what ever shape desired, to which is applied the at |east one
pyrotechnic protective area - 12 - (reactive mddle |ayer).
Initiating the element / el enents generates both shockwaves and
reacti on gases, which accelerate the linings both against and in the
direction of the incident or penetrating threat. In the case of

hol | ow charges, this diverts / disrupys_both the front, powerful jet
el ements and a significant portion of the rear / residual jet |ength,
t her eby decisively dimnishing the penetrating power of the threat.
The pyr ot eGHHALECEEPRCP I TErE BAYyPex8Fe3n9d thYam dhengbove terms
final -bal | istd cakliy defivariionsr destexumpree phfifgiene ehen ekbeosive

envir Onrrentare'a &r r@éﬁl@@&v@”f&@fd OHItleELll[ egﬁ.@é‘s /céLt%&atltnlm%tﬁg!:glynor

on the structure to be rot%%% nvo ve here_iIs, an extremnel
sinpl e and BdEFct b?o}f‘% FoIf ?ﬁné s RPERees skt iRy SF e W
subj ect to cRWMASSEIN TSNS oInIuhmstwng,tthﬁnpn@abcpanneiamnstsFhms

yields a I%éelaceéléwtdaanb@a&%rﬂegae@& ﬁpm e¥ed: by ARw Eﬂﬁé“t%ls' y
known reactive Qrote i on aﬁrgn n ad Elon the sgggg
[~ Q =}

protective %ar"Es Fshgﬁ A"t of rPﬁgFﬁ%ma Srg%%y
the | evel dfetpr stieetroati and §éﬁF@§YOﬁe%ﬁ@wwlar#§ﬁ§0@hﬁéagﬁf5©@%
of f shor e | ns=aldxal borvanshigijeagicat a0n. sPy&oHt e et eEki ¥Bt BFLas

accor di ng 4 Tofeschﬂ%enéﬂ g@ﬁ% e@%er}te' ggké_fl@e R%&J}%S%Q Wl{efd Jand

protection rangement s char reats
i nst ance, F%M/ﬂ%aﬂohﬁ%ségséPﬁtréaﬁlﬁ%ﬁeﬁﬁ dﬁilﬁ?%aﬂFﬁﬁ%e%@aFﬁ%%nt
several threstsibypesn Fabesisenttcalthgunnesdawaidce ddesiggnf irbxi bntitey

notwi t hst andisRg, g T easpnablys arcel ad onhet veen.dibe | Ryetyed;on
par aneters nmust of course | ne conventional reacti ve

D e b e Rha e toriaas Hs ro g AR ARR DY (oAt nG e, oF
requir ementssichl rewtectase, edehgnibs f dwypeerdndict |Mi@staﬁms¢bs:‘er ved

in the presembatiyeNticORNBY YT 410a0f ckBEosivat eBveyd ot heses of
basi cal |y 4pRLY 40,8l 888116 ALLANABTEN! Sovd USK CAL B0 Pa
addltlon, the ability to freely select the used materials
makes it possible to influence the shockwave propagation,
and hence the dynamics of the process. Due to the partial
area coverage also materials c¢an be used that cannot be
employed in conventional reactive armor due to their

mechanical or dynamic properties.

The aforementioned EP 1 846 723 Bl sets forth basic
deliberations about the achievable speeds of free and lined
explosive areas by way of the Gurney equaticon for £flat,
pyrotechnic areas. According to the latter, speeds of up to
4 km/s theoretically result at a larger explosive thickness
and relatively thinner layer to be accelerated. The free
surface or a gslight lining of the explogive sgurface
determines whether the theoretically achievable speeds are
approximated. Given wvery thin linings, area speeds on the
order of 2 km/s are still reached even at small explosive
thicknesses (for example, 2 mm). Such speeds are very high

in comparison to conventional sandwich structures.



configured in the arrangenent according to the invention. For

exanpl e, these include the m ni mrum expl osi ve thickness for ensuring a
rapid initiation and a detonation that runs its course as fast as
possi bl e. The all-around plugging nakes it possible to stay

di stinctly bel ow the usual m ni mum val ues. Additional preconditions
arise fromthe geonetric circunstances and the correl ati on between
the threat and protective area di nensioning. Consideration nust here
be given to the used materials, for exanple the type of explosive or
correspondi ng adm xtures, along with the nunber and arrangenent of
partial areas or protective areas. Due to the configuration and high
ef fectiveness, the explosive area to be _applied, and hence the

expl 0si ve T&Es VoLURS ekpahdedr s BFEPERHIY e tol efigFiteY c4RPpRd in
subst ant i aldaytliouwbdr i pna gy otaeehn| ¢ ginokecthare area acedndi ngitto the

| nvention i.2.600pafs Sé’ﬁetc‘h%eﬁiﬁ%ﬁiﬂé k%@%cﬁ&?&t 'a‘é%oﬁ?&i@é Sto AShe
denonst r at ed ¥%numerous tests realistic_conditions;,

suf fi ci ent BFFSEREL | V& PBr nﬁﬁléjee‘ff"an W& TEERPRVEW W t I]?lﬁhélrt}iﬂl%ﬁ eas
measuri ng cwpeehe cvder aof SOupmamaxiSelymveThi smahkesiretspassingl ed o
reduce the getpaatdingLxpl 68i MR BBeIchYva frRChAtePa1lQet 820l N
conpari son to conventional reactive protection arrangenents. As a
reference val ue for design purposes, it can be assumed that the
t hi ckness @éFithe feepl o@?@eméwldg’escmv%’feénqr@%tlmerﬁﬂatsﬁe dufeended
3_r ea and tmpeahapfadameﬂtaéé t:cartnmgﬁutiecahﬁwarﬁraﬁ{g@ﬁeﬁm&1ayei1agﬁg et
i ameter. X si [ s ri
? RO g%)afﬂllﬁﬁg & & 11 0L0AS, Jl%ﬁe%!?ue%gé ‘%th

thlcknesses or exa es it p033| to I'n
ef fecti vendsdtaple b%?ﬁtaﬁ dftdidle ethy ’f’blgcﬁ%?ﬁ@n%%e%%"%a?}ﬁ‘?ﬁj‘lt
depths of prdteesiwre cenatinlisy Meaics ivéarmangenent satdmbasxarén alnsery

wi de range squeacﬁlll@nsﬁeﬁl/t s%a’ﬂhggr@é/%@ém%%%méﬁt aff i 'c%h DEYs AN AT I Se
tions _to et se Slnthetlp

in conjuncti ISru era ]

Fogi on caugedohy LTh ErBRETS iGN Yerers (108 BHPTIoRgNTIS Hipe
sui tabl e | itei ngs obrohectrwhcticpetivaionern:reRef eaeﬂcethlacs afuldady
been made tntbeondif | uence of shockwave transm ssion. The depth of
engagenment can be increased, i.e. several jet particles, and thus a
| arger jet |ength, can be d| srupted during passage through the
target, by IReads Bflvaniaseoksr ‘éﬁ?frlﬁ?lﬁgt%%yepforthﬁ sEpErdicng |tHrer
bet ween t hexpxpsDad verfdlars asidt h mddidiiloeal ym cah pﬁageﬁéite;s;e(for
examn e | nehBlBLLAN LA AnATLC BebaY | ghe 18%&%' PLapelLiygs

i nvolving s waves _an helr'r pr opaga Ion g aﬁ% ass OCiLI es
dynani cal | {eESRPTEE SAFOVRE &R pt oS eﬁ‘&% atHear i3Rg GHeTPRE 34F%e of
structural rdeshgs. aHoheyler prohectatd eefateiemthat | ¥el ychreavyse n dthe

known arr a@&g&@@ﬁ@emtos&@stflgy@s toud gy rsqmal l&d1bhiekhesses and
associ ated | at e?,]: di nensi ons mass bal ance of an arrt}lo |n%a The
ve

Int
i nt er medi aP8SFEYET s % gﬁ?ﬁng%%nt@”ﬁ@&fi?dl Y™ h&PPnvEH
ot her obj ecbirvesporatidigadlys ¢hane ddeshensitonpdecompl ehel ynilifdftdoantdy. I n

reacltl vet argﬁerl raa}-; a&@@ctl niiamnce mera&ﬂltmbnt heu%'lﬁﬁemln§é1§£1ﬁrvet he
accel erated_a ar.ti area_on ing, an on

vel oci ti es “AGhTevabl & By atlﬁ &2 T T 1‘9% s oﬁ%%t s ‘lﬁlngf \r/}:attéjle

i rrportancePrth?%t'—\ﬁ@l oéﬁY?rSrredaétil dETESEN Pr%aéilhee PRt inee BrERRCIHON50%
so that thissranddmeeitce can overshoot other target specific
paranmeters. At very low lining nasses or given free explosive |ayers,
the influence of elenent size dimnishes accordingly. In first

appr oxi mat MeRIMH41%%as e i nfPtItE o (HPLPEIYRI t?‘aéfeﬁas 1Bl urkds

This yiel dsnampichearl athediitsageidesr iar rpmEgeiiat Soactendimgventt te
present | N¥gRbhDNor NePEHT 's%%l—zé&ﬂ@e £%er ¥nd MRAKLALH d%ﬁbgﬁ pﬁ'x}étns of

nmodul e si ze and actl 0 r zones are_positivel | uence A
mul ti | ayer SPPIERTUrE VOFQJ(I?'ne{O@iP’r PEYSLH S\kﬁﬂﬂ%t?’:ﬂ {& L erve
borders (plugging), even in the case of more actlve

explosions. At the same time, such thin webs ensure that

the protective performance remains uniformly high even



The expl osive layers required in pyrotechnic protective areas
according to the invention place only little demands on production
tol erances, surface quality and manufacturing process. This greatly
anplifies the | eeway afforded when configuring the protective

el enents. Anot her inprovenent stens fromthe basically known nethod
for lining the areas of the pyrotechnic layers with materials varying
in thickness and conposition, up to and including a desired dynamc
degradation properties. In addition to the usual naterials for
reactive arrangenents, such as steel,;ditaniumor duralum num such
|l ini ngs are advant ageously al so conprised of materials with a | ower
or higher density, materials that degrade or del am nate, plastics,
conposi t es BVeFertdifitc S e ioHIosrsf orntvebest TRE®RAsphysptits in

st andpoi nt damelsudénetrrogd tishatier el sthsheediohubhare Sifde adr four
relatively .def orgmti ”r?&-ﬁr’i uch jas rubher . pol yner .

mat eri al s. E!I\?eqﬁyal%ﬁ C f_}lraetlrc]l%nrret al | Fggf_ oan%s a,%e exgﬁgﬁésgf o{ﬁgﬁf%gb e
mat eri al s IR LTUFBES" dinsitsy AN & Ftfhdswricte RedvyFhet ald)
usual | y tureistcernbhies, tltarpdegeus eon ast higyiyer , dénse ttyprateeteat 5al The
application,Qfi pBdgtsrules introduced in ballistics, in particular
the Cranz nodel |aw, makes it possible to introduce geonetric
transfers within broad limts. As a consequence, a structural design
tested i n gludecte tearrdbplianed edl gy edetigre arparigbbes appl ¢vant ons

W thin veryfrcead therd:ocbaseds anphysycad BRd gp08®LFd-GomBRPE NEy

rul es. Nurrearf'e%al .gi ggkgt ilgg_l%e?ff%ro %r}%t hgg 9i d Lg)r %ioqgQSit%nien .nand
optim zing a pr,ojfec rve strdcture. e hi g?l 'efFec i veness of an

ar r angenentPa¢d6R8rhg WLEt HeSPRZENtG DNt seRt 1B y dhasrHotHiong 2% do
wi th the haisitegtiGontiailder, Sas hailsl AGStor tlohivve sabal ei dised okl £5é1dand
for emost. T af; Jl XaklOm; BUEPOSES s Aar! HeREOLRCevbRe ACHEGL AVET S,

agai nst environmental .1 nfluences. Al so conceivable is _an I nproved
action in colfj] ARTEOAGi CREEHBEGRTE Pr Sthecthiivdds. ang steyrpefht s
to be conbidesdgnl t oifs Isasi c@irbyeadivant sgeass iarepr &obhdeyt ofkeaky t he
operati on Qfe1lReaPlOf eCidON RLfBNIEMBM riW-EDpt e stduetubala, or
speci ficati Qns rel ati ng tr}f ob%ﬂ:ct to _be pro egt ed. This. can ran%e
from si npl € PEEEETBNFE ST HF ay" TG REE TPy BRhARRT N Dridt ektiSe
st ruct ur es.waSuc Bush s episitys iensi premntcansiisy be rirawgulponvwih

i nprove t herdapetecttovanperifiayanneevetaqdd angeirents a66sdthaidt ocd he
i nvention, having these conponents facilitate or support the
breakdown of jet parts, for exanple. This can have an advant ageous
effect on the required target depth. The materials conprising the
front and/ otheheamsahgt heuhgitgi ngglaaley | Akr oduecelearryi pgodectivd ng

conponent s, WGP CapngORgE sl 0L ONGLPT SIBEEcL A¥ET SnyMiSth; AL S0Pe
optim zed wth respect _to their effectiveness agal ns%’ KB nmunitions

and P char geSTSFRT pPet e ETEBRTY gliParT oP 1ERRI | }EFES nide TFTbf
expl osi ve andgingrérymtemeaks care hatuseduded toveriprefrabr reatede

pockets of (fi@1pr akgeti vanareas Qfaddde, Prafeecld M8 cOPiee aSna peesul t
of which the reactiy .%rot EC%I on_can be .egs%l%( suita I.\F/ Ed usted in a
nmanner suitapre ¥ora‘§jr SdTELi 67 t YPRE SBCEEE 0 TREPIIEREIEE T
confi gur at iigesfled rddiitdraet | BeoteicEad Ve sprenyitdeel yFopexenale, 1thy s
preferably 1amtesseahi ahlhy Ebadisy e Dighteanght SBe @SS UM 1CWHved or
ot herw se q,l%%%ggg fi'lf‘%%teﬁ peed only be sufficiently inclined

(0] e

relative t rea irection in the effective portion. Due to the
hi gh efficiency of the pyrotechnic coverage, the m nimum angle for

t he arrangament Lptegpased betgding Sodestignedxptobevd 0Fiadl5/ | ess t han
N compar i $0pb0i HIOMLIEAGHIE (o IMALUEES. 11 BEBoSARMN Ghes, o
conventi ona%gées% n rqceeg&%sr om a dErﬁi.'cstrlllké%um éngl e 8 ncl i ngtt%i on ©

measuri ng &3RIEHAR ELanFEFWELREEn tHE t AYBaPL anfiderEngness

stems both from the physical / mechanical regularities as
well as from the specific properties of the layers /

interfaces involved relative to the passage of shockwaves.



- 17 - threat can be fornmed by adjusting the entire area or

i ntroduci ng geonetric nodifications in technical or structural
nmeasures. For exanple, an area not sufficiently inclined to be

ef fective enough against a threat can be provided with the required
i nclination through corrugation, angul ar positioning or |amnation.
The varying configurations for pyrotechnic protective areas can here
forman interconnected area, or be assenbled out of individual

nodul es, with gaps or other separations (for exanple, area segnents,
shutters, separate or interneshing nodules). The technical
configuration of the carrying element / carrying el ements or covers
for the protective area i s essentially not subject to any limtations
(e.g., netdhedntapteimt detveen st iedc sitdte-layernaptvelhyast ) .
The covers tt@n dmeri gildigoindef antralbhe /adjavabt epmasent di1keidre here

t hi cknesse%ﬁaacmngmrgmﬁaactlegf Je 1R Lﬂ?lttegfécém§§' ¥§1£Jl%e tel}

t hi cker structure Th fol l'ow n featur s and advant ages | east
- : | BRe

some or al P98F Wi cf %‘aﬁ"atﬁs eV et G n e e 6t ot arsPaﬁ@JelrF’éint
accordi ng trefilhetieowentedhicigdtd WRKenpFasi zZbtt tewcedetpyminekovigst

possi bl e q%&nbwa&te P I@el YRobRMIdLAnf Qhel €ACI I ARt BEERLSE two
Det onati on c:%fnd%ns clt:. ‘Fl ”c’:% A ssborr esotrl ?(SSI b(l e Eg dI i,ng
safety for @ reac |ve‘Tl % prot et ron d'IVI tal” et gged
on all sidésténablt éoecﬂﬁlé! Ge @fotiseit Oéx‘m%gr@égcts mlbhfl .(@y afr@r

mul til ayer 1oelgﬁrbucmﬁdazstsrouaauvesocﬂﬂydu/vurduaha% etnfkygger on @ld

si des enabl I rati on of protective elenents; M ninal

| oad on bot“%tgﬁ ler%%(i?%gbe protected as well as the environnment /
battl efi el d;

The passage of shockwaves in the boundary layer between
both materials takes place without reflection when the
products (p x ¢} of the components are identical. Data for
selected material pairings will be presented to provide a
rough estimate (pxc of both materials; wm; RK): 8t/Cu
4.1/3.3; 1.23; 0.11 (i.e. zroughly 11% of the shockwave
energy is reflected at the interface between steel and
copper); 8St/Al 4.1/1.4; 11.7; 0.49 (reflectance about 49%});
St/explosive 4.1/0.12; 33.9; 0.94 {reflectance 94%);
Al/explosive 1.4/0.12; 11.7; 0.84 (reflectance about 84%};
St/plastic 4.1/0.63; 6.54; 0.73 (reflectance about 73%);
plastic/explosive 0.63/0.12; 5.25; 0.68 (reflectance about
68%). The portion of directly transmitted shockwave
influence is to be correspondingly influenced via the
material-specific properties of the laterally plugging webs
and the covers of the explosive fields. This circumstance
is also crucial with respect to the acceleration of lining
materials, as well as to the achievable final velocities.
Field tests with arrangements according to the invention

have confirmed this.

In a preferred configuration, the pyrotechnic protective
structure according to the invention consists of a carrier
(rear cover)} that is inclined in the incident or effective
area of the threat and has whatever shape desired, to which

is applied the at least one pyrotechnic protective area



Fl exi bl e adjustnment to the surface of the object to be protected;
18 - Best preconditions for retrofitting; Mdular structure, i.e.
conponents to be accel erated can be separated fromthe expl osive
| ayer; Less inclinations / adjustnents than possible for conventi onal
reactive arnoring; Partial fields enable a nultilayer [word m ssing]
Wi th varying reactive coverages; Only little or no performance | oss
due to edge hits or field edge hits. The follow ng preferred features
can be realized individually or conbined for a reactive protection
arrangenent according to the invention, _ The middle |ayer conprises
two or nore reactive partial areas or explosive fields plugged on al

si des;
(reactive middle layer). Initiating the element / elements

generates both shockwaves and reaction gases, which
accelerate the linings both against and in the direction of
the incident or penetrating threat. In the case of hollow
charges, this diverts / disrupts both the front, powerful
jet elements and a significant portion of the rear /[
regidual Jjet length, thereby decisively diminishing the
penetrating power of the threat. The pyrotechnic structure
here only exerts little or no final-ballistically relevant
or destructive influence on the environment, i1.e. neither
on the outer region / the battlefield nor on the structure

to be protected.

Involved here is an extremely simple and basic protection
arrangement, which essentially 1= not subject to any
restrictions or limiting technical provisions. This yields
a level of innovation hitherto not achieved by any
previously known reactive protection arrangement. In
addition, the suggested protective area is =suitable for
bringing about a sharp increase in the level of protection
in a series of known armors through both offshore

installation and integration.

Pyrotechnic protective areas according tc the invention can
essentially be combined with protection arrangements
against P charges or KE threats. In each instance, low dead
masses are required in optimizations against several threat

types.
The essentially unrestricted design flexibility
notwithstanding, a reascnable correlation between the

involved parameters must of course be maintained. In
conventional reactive armors, the effectiveness is vitally
dependent on dimensioning requirements. In contrast, only a
few preconditions must be observed in the present invention
by virtue of the system. While these basically apply to all

reactive arrangements, they can ke in part more favorably



The reactive partial areas of the at |east one reactive mddle |ayer
are laterally plugged by separating |ayers or inner pluggings; The
rear cover conprises at |east one bul ging arrangenent; The at | east
one reactive mddle |layer is provided with a cover |ayer on one or
both sides; The protective area conprises two or nore reactive mddle
| ayers; The reactive partial areas are identical or different in
size; The reactive partial areas have any geonetry desired; The
reactive partial areas of the at | east one reactive mddle |ayer
conprise at least two plies with explgsive fields plugged laterally
on all sides; An internediate |layer is arranged between the expl osive
fields of two such(glies of the reactive partial areas; The reactive

areas of a FPdAFRrehyE? TR ASPIIGBARET cAFCHIAIdt ff6r &R dEVEREIA™
desi gn rel &tarvexbopkachimseeincludd ke minimum explosive thickness

for ensuring a rapid initiation and a detonation that runs
its course as fast as possible. The all-around plugging
makes 1t possible to stay distinctly kelow the wusual
minimum wvalues. Additional preconditions arise £from the
geometric circumstances and the correlation between the
threat and protective area dimensioning. Consideration must
here be given to the used materials, for example the type
of explosive or corresponding admixtures, along with the
number and arrangement of partial areas or protective

areas.

Due to the configuration and high effectiveness, the
explosive area to be applied, and hence the explosive mass
to be expended per protective element, c¢an be substantially
lower in a pyrotechnic protective area according to the
invention 1in comparison to previously known reactive
armors. As demonstrated by numerous tests under realistic
conditiens, a sufficient protective performance can be
achieved with partial areas measuring on the order of 30 mm
X 50 mm. This makes it possible to reduce the detonating
explosive mass by a factor of 10 to 20 in comparison to
conventional reactive protection arrangements. As a
reference value for design purposes, it can be assumed that
the thickness of the explosive coverages at an angle
between the defended area and threat of over 45¢ can

measure about 50% of the average jet diameter.

The explogsive films or the linings can have variable
thicknesses. For example, this makes it possible to
influence the effectiveness of a partial area, e.g. to
compensate for varying depths of protection or adjustments.
Arrangements that exert a very wide range of actions at a
high overall level of efficiency can arise in conjunction
with disruptions to the rapid jet segments in the tip
region caused by sufficiently high wvelocities and through



About 50%to 100% preferably nore than 65% of the area of the at

| east one protective area is covered with plugged reactive parti al
areas; The inclination angle between the at | east one protective
area and threat direction ranges fromabout 30 to about 70, nore
preferably from about 40 to about 60; A protective thickness for an
expl osive field in the threat direction ranges fromabout 10 mmto
about 14 mm An internediate |layer is arranged between the reactive
m ddl e | ayer and the rear cover; The lateral plugging of the reactive
partial areas conprises whatever crosg, section desired; The |ateral
pl uggi ng of the reactive partial areas consists essentially of a
metallic or non-netalljc material; The lateral plugging of the
reacti ve pattitaPlar &aRinss &fséhei APR§E HonmsgRReBeRt s orReE6ASTSE shaT a
| am nat e oralmeltiy| ayeenst rmecteur eto Thee pl Ugglaognsepasat | RgokRyeFs of
the at | east,.QReiLepstive mddle | ayer conprise geonetrically formed
or inclined separating elenents; A boundary |layer is at |east
partially arranged between a reactive partial area and a separating
| ayer that Thet éepkhyobl empageiment atdrerbd nirgrdesed o i 1.1 wemeral hiet
boundary | gygricell ecindngius Beadreact ke panddiml aneas ofisthscad

|east one protect Lye.gfea have,an essential Ty checkerbpard pro,

strip-type arﬁgﬁggﬁgn
carrying layer or a separating layer between the explosive
films with additicnal physical properties (for example in
relation to dymamic bkehavior or specific properties
involving shockwaves and their propagation). Known glass
bodies dynamically compressed via explosives have a bearing
on this type of structural design. However, the latter are
relatively heavy in the known arrangements, not least due
to the required thicknesses and associated lateral
dimensions in the mass balance of an armoring. The
intermediate layers 1n arrangements according to the
invention have other objectives, and also are dimensioned

completely differently.

In reactive armoring, the influence exerted by the element
size or the accelerated area / partial area on plugging,
and hence on the wvelocities achievable by the accelerated
components, is of wvital importance. This velocity reduction
can measure on the order of 50%, so that this influence can
overshoot other target specific parameters. At wvery low
lining masses or given free explosive layers, the influence
of element size diminishes  accordingly. In first
approximation, it has no influence on the velocity of gas
plumes. This vyields another advantage for arrangements
according to the present invention. In particular the very
important design points of module size and action in border
zones are positively influenced. & multilayer structure for
the carrier allows the latter to alsc serve as a control
element for the energy and signal transfer between the

individual protective components.



The protection arrangenent conprises at |east two protective areas
arranged one behind the other in the threat direction with strip-type
reactive partial areas, wherein the strips of the reactive parti al
areas of a rear protective area are offset relative to the strips of
the reactive partial areas of a front - 20 - protective area
(preferably by the distance of one strip in the case of two
protective areas); The protection arrangenent conprises at |east two
protective areas arranged one behind the other in the threat
direction with checkerboard reactive partial areas, wherein the
reactive partial areas of a rear protective area are essentially
offset relative to the reactive partial areas of a front protective
area (in tH&cFPIEPiVRo [FrSrectiamiigpdads (e Gtegbrive PpaFeFaIvear eas
of the fronirepsotecdidimgarea theelevaidipnl peaessaiily ality leveaemddis

inert partigl ;a68as Qn Tt'&?ei%%?éesor%h@%&é’%ﬁ%}’aﬁ'% nﬁ;@QEt@f&%g’ ear

cover of the reactlve m ddl e | ayer Its rTeactive partial areas

essenti al | YFOGREF st TBES agﬁ%‘i‘aﬂ |"E:mrl)]rlfr’r8ﬁ refallEP¥ayafsf PEFed THES r ont
and rear cowefighritge theaptbvectivededetharywsr. or its reactive parti al
areas are essenti aI |y honpgeneous, or consist of a Iam' nate or

| ayer ed struc%; . The si zetof e he %ront and?rear rs of %P
reactive nidd efalré?r%‘?emetns PESEE T GEOPalTT a1 W84 Ye BRWE i AFY

cor r espond$ o ih@l@ zéhef araexplosthe fHveldschmie flegarsand fear
cover of theteeasgtd V@fpld@ anl ayekkfésd tond eatipb¥ertpat! idl ©&F eam are

single- or l%gﬁangggy %t&dordgﬁmoyt gggéscfara%a O;grép@é%agé))ﬂhe

front and rea e reactive m I'ts reactive
partial ar é’&glb%’ile‘?ff %’*F‘erusﬂlﬁé @%b?ﬁs&}]\?e fPFeIrG%C‘b’fvec FETABgeTe e

m ddl e | ayetuch as steel, titanium or duraluminum, such linings are
advantageously also comprised of materials with a lower or
higher density, materials that degrade or delaminate,
plastics, composites or c¢eramics. Materials of interest
from a physical standpoint include those that regist shock,
but are soft at relatively low deformation rates, such asg
rubber or polymer materials. Metallic or nonmetallic foams
are examples for suitable materials with a lower density
than aluminum, while heavy wmetals, usually tungsten-based,
can be used as higher dengity materials.

The application of model rules introduced in ballistics, in
particular the Cranz model law, makes it possible to
introduce geometric transfers within broad limits. As a
consequence, a structural design tested in practice can be
carried over to comparable applications within wvery broad
limits based on physical and geometric mapping rules.
Numerical simulations offer ancther aid for dimensioning

and optimizing a protective structure.

The high effectiveness of an arrangement according to the
invention essentially has nothing to do with the housing.
Containers, housings or covers are used first and foremost
for fixation purposes, or to protect the active layers
against environmental influences. Alsc conceivable is an

improved actilon in conjunction with additional protective



The front and rear cover of the reactive mddle |ayer or its reactive
partial areas can be used in conbination; A plurality of protective
areas are arranged in the formof a shutter; A plurality of
protective areas are arranged at an angle relative to each other; An
additional layer for disrupting a (residual) threat penetrating
through the at | east one protective area - 21 - is arranged between
the at | east one protective area and the object to be protected, with
or without a gap relative to the object to be protected and/or the at
| east one protective area; The at le one protective area is
novably arranged; The reactive partial areas of the at |east one

m ddl e | ayer are repl aceable; The reactive partial areas of the at

| east one rAFEPESTEY YO &% FBPARAB! elorishRpeigal hdjadabpgecus in

i nclinati onractice to link the operation of the protection

' arrangement with the structural specifications relating the
object to be protected. This c¢an range £from simple
placement all the way to mutually enhancing protective
structures. Such system-side equipment can also be drawn
upon to ilmprove the protective performance of arrangements
according to the invention, by having these components
facilitate or support the breakdown of Jet parts, for
example. This can have an advantageous effect on the
required target depth. The materials comprising the front
and/or rear of the housing, any introduced carrying or
fixing components, which can consist of one or more layers,
must also be optimized with respect to their effectiveness
against KE munitions and P charges.

In a preferred configuration, the layers made up of
explosive and inert materials are introduced into
prefabricated pockets of the protective areas or the
protective module, as a result of which the reactive
protection can be easily suitably adjusted in a manner

suitable for producticn to the object to be protected.

The configuration of the protective area 1is completely
optional. It 1s preferably an essentially flat area, but
can also assume a curved or otherwise designed shape. It
need only be sufficiently inclined relative to the threat
direction in the effective portion. Due to the high
efficiency of the pyrotechnic coverage, the minimum angle
for the arrangement proposed herein ig designed to be 10°
to 15® 1less than in comparison to known reactive
structures. Since sandwiches of conventional design proceed
from a minimum angle of inclination measuring 45°, an
average angle between the threat and defense measuring 30°
to 45° is sufficient in the present arrangement. However,
if realizable, larger angles also increase efficiency in

this case too. The angle between the defended area and



The reactive partial areas and/or the explosive fields are
pyrotechnically interlinked; The at |east one protective area
conprises a shell or a housing; The explosive fields are provided
with a pyrotechnic or nechanical initiation aid; The sides of the
front and/or rear cover facing the at | east one reactive mddle |ayer
have been at |east partially subjected to thermal and/or nechani cal
treatnent; The front cover essentially consists of a material that,
inlight of its thickness and/or its mechanical properties during the
detonation of the explosive, is stanpgd out essentially corresponding
to the size of the reactive partial area; The at |east one

protective area forns a nodular unit; . The front side and/or rear
side of thdeafesfAn oRe rBMEEt iRle aR&ASTCalor Flads SREEER e PaY RS The
front and/ cmtrednctmyer geanetjiai neddiiftithat hensat imastecmeigadactowe

m ddl e | ayefi Dy iBaNSwfs d%e%cr?$£cé§HM§¥é 08pn QQQ§SﬁaE*§%%QQc§@E¥
vul cani zati.on. ,BR DRAMVNGS above an other

f eat ures, dﬂ\?&ﬁpﬁaeg’o[}ﬁ& ﬁf?FBf‘ée aﬁ’ﬁ?ﬁl%t‘?%afﬁ“s&f at FWerﬁ"’ino S 1
be il ustramedifed evidiledheyroyuites flokl bpinignd sbeeigt icowrofavien.ous
exenpl ary emedbrent poahOfghiMgt h oy e defmida@dodescr irpé i ongaef: hpw
I ndi vi dual C0%Eg&%ﬁ%f%ﬁg”%%f”%kf%%%c%ﬁ§é'%@étgétBkPQgéégé can here
form an dinterconnected area, or be assembled out of
individual meodules, with gaps or other separations (for
example, area segments, shutters, separate or intermeshing

modules) .

The technical configuration of the carrying element /
carrying elements or covers for the protective area is
egsentially not subject to any limitations (e.g., metallic,
non-metallic, structured, single- or multi-layer). The
covers can be rigid or deformable / movable, and their
thicknesses can range from that of films up to a massive

plate or thicker structure.

The following features and advantages, at least some or all

of which can be achieved in the protection arrangement

according to the invention, will be emphasized once more:

- Lowest possible gquantity of explosive required for
reactive targets;

- Detonation of a minimal explosive mass;

- Highest possible handling safety for a reactively
fitted protection;

- Individual fields plugged on all zides enable the use
of inert explosives;

- Poggibility for multilayer, combined structures;

- Individual fields plugged on all sides enable optimal
acceleration of protective elements;

- Minimal load on both the object to be protected as well
as the environment / battlefield;

- Flexible adijustment to the surface of the object to be
protected;



- 22 - involving incident and penetrating threats based on the
attached drawings (primarily as schematic sectional views), wherein:
Fig. 1 is a schematic sectional view of the basic structure of a
protection arrangenent according to the invention with the object to
be protected 1 and a protective area 4, as well as the reactive
partial areas 4A of the reactive mddle |layer 11; Fig. 2 are views of
the basic structure of the reactive mddle layer 11 with the front
and rear cover layers 11A and 11B as conponents of the protective
area 4, Fig. 3 are views of the structure with a front and rear

accel erated, areal cover 5 or 9; Fig. 4A to 4C show three exanpl es
for a protection arrangenent with reactive area el ements protective

areas 4 or par BPEF RIRATEGESCOA Lod TeaFPBAEB4¢k / rear 1inings /
covers; Fig: 4Hodhbaws atregrureover. eof ddmponeacti ve meddicecllaystedl by

means of a hO"EQﬁU&Q%QmQEQEQdQB&ﬁlQﬁea& Slidkedayyherein a cover
| ayer 11B is cat ed, and the ex IOS|V§éare

o 4B ohows SoPbar LROVERTEPIT rd” 6abs BT I ConEPRR o Bas T s
means of a bul grngeplismelareasigerreatnpring gi ng structure 10

consi sti ng -of baet{auonﬂlembat enfe1d he weari1pyat e [y Bnd s8Ang] with
i nternedi ate Iager 9B:; hows a rear cover of the

4C. s
reacg =] C ove rades;
expl osi ve- conprlen aréa 1l b ans-of a reactive, accel erated

plate 9 and a Bﬂigl té@r&ﬁgéﬁeﬁ?r@6m§@§éeé°%%aﬁﬁiﬂﬁbﬁﬁﬁﬁeh¥%ﬂt%ﬁ by
an internedi at eiéayesdgdbhits.

The following preferred features can be realized
individually or combined for a reactive protection
arrangement according to the invention:

- The middle layer comprigses two or more reactive
partial areas or explosive fields plugged on all
sides;

- The reactive partial areas of the at least one
reactive middle layer are laterally plugged by
separating layers or inner pluggings;

- The zrear cover comprises at least one bulging
arrangement ;

- The at least one reactive middle layer is provided
with a cover layer on one or both sides;

- The protective area comprises two or more reactive
middle layers;

- The reactive partial areas are identical or different
in size;

- The reactive partial areas have any geometry desired;

- The reactive partial areas of the at least one
reactive middle layer comprise at least two plies with
explosive fields plugged laterally on all sides;

- An intermediate layer 1is arranged between the
explosive fields of two such plies of the reactive
partial areas;

- The reactive areas of a middle layer have an identical

or different structural design relative to each other;



- 23 - Fig. 5to 8are three views showing the interaction between a
protective area 4 and its partial areas 4A and the incident or
penetrating threat; Fig. 5 shows a protective area 4 (here based on
the exanple of Fig. 4) with the reactive partial areas 4A having a
continuous / full-areal lining of both sides with areas 5 and 9 or 10
to be accelerated; Fig. 6 shows a protective area 4 with segnmented
lining (partial area lining) by neans of area elenents 4A and a
segnented lining of the front accelerated areas with partial areas 5A
as well as a continuous / full-areal,;gear lining 9, 10; Fig. 7 shows
a protective area 4 wi'th a continuous, front, full-areal lining 5 to
be punched through by detonating the explosive, and a segnented
lining of the aégET%rﬁ?%dForé%‘?f'paﬁ‘”c‘?f&lm%%amgff ERareftSasela Y ti al
area | ayer 11C eo®z®rohgthheaexpbast vene FhpteBtiseaagegt isnabvenaiv of

a protective argacrhayigigea LeACtivephayesl kl..aad geonetrically
configured, pl ugﬁi ng, | a%.‘er%l. gepafg‘.’z]g n%egﬂement \A{r]a%re' n_the
arrangement” accordi ng o Fig8t F 455V RE e %f’eow ed -fPth ©ne
wedge- shaped websoB#ctiyecaned musl$hireant ditantdgnsramgkaa fyohgaipept
arrangenent 10 asotbe EBaht | 78¥ NOnodd GreFehrSbay Seedh omadutyiaw afo a
protective ar ea, I 2 reactive layer 11 and geonetrically
configured, plugging separating el enments, wherein the arrangenent
according to Fi gsprst%ﬁfdi‘f&mhéf—“h%?%s pFovi e mloR 1da) G5tk Im iHE i ned
(horizontal or vyerédtcadirepitggi agnywebsEBB; about 10 mm to about 14

mm ;

- An intermediate layer is arranged between the reactive
middle layer and the rear cover;

- The lateral plugging of the reactive partial areas
comprises whatever cross section desired;

- The lateral plugging of the reactive partial areas
consists essentially of a metallic or non-metallig
material;

- The lateral plugging of the reactive partial areas is
essentially homogeneous, or consists of a laminate or
multilayer structure;

- The plugging separating layers of the at least one
reactive middle layer comprise geometrically formed or
inclined separating elements;

- A Dboundary layer 1is at 1least partially arranged
between a reactive partial area and a separating layer
that laterally plugs the latter in order to influence
the boundary layer reflections;

- The reactive partial areas of the at least one
protective area have an essentially checkerboard or
strip-type arrangement;

- The protection arrangement comprises at least two
protective areas arranged one behind the other in the
threat direction with strip-type vreactive partial
areas, wherein the strips of the reactive partial
areas of a rear protective area are offset relative to
the strips of the reactive partial areas of a front



- 24 - Fig. 10 is a sectional view of two protective areas 4 and 4A
having the reactive layer 11 and transitional |ayers between the

pl uggi ng conponents and the explosive 7, wherein a front, areal
transitional layer 13 between 5 and 7 is depicted above, and an
inner, lateral transitional |ayer 13A between 8 and 7 is depicted
below, Fig. 11 is a sectional view of two protective areas 4 and 4A
havi ng the reactive layer 11 and accel erated, partial-areal or
full-areal front elenents, as well as a rear lining 9 to be
accelerated wth a transitional |ayeryf11B or 17A) between 7 and 9,
wherein a double lining 17 and 17A of accelerated elenents is
deplcted above, and an internedi ate | ayer 16 between the two

expl osi ve ar easPYASHdVPA L FAEIBLY okY FHg IE5TSRGRs FncPne
exanpl es for frehtipant ithe ersa dii fwngsrdkcaidet aseas)at t achment /

?rrangegint ;“h aTxldQulgix%t@&teiw \é@ar%hg%r@&tl c&ﬁprm; e?a acRAttialo area
I Nl ng Wi C 1.Ng Strips as nin astenin

ol omonts 15 15 HERTNOYaBG08° AR REIaPPa e 3€ JRBGE 10 the

depi ct ed bel ow, thugatni €hr¢etipn widihes¢hatlprbopdéd repcyiive anaziedl
partial el ement ar&fs anshariauttek e:@\aetlb@ygarvflau_r C&l@'élsi W |ayRfarls,

Tl ayer, 2 SoBHOOR L BUC0 oL i DL FLL O L O a0 ORT e 1 1 1

mul til ayer, rea y acceler Yaréa el enent s and. kferal
pl uggi ng 8, V\heF%"rl%tlé’epé’tairFé‘Fl arerrq |°ﬁ| ﬁgféPn’f Her YAt eaf efyetim 1
with partial areas &Ghecand awo giealectioataaser tEespmﬂﬁvappaft:(aand i f

necessary al so Liagd be Rhacel i MBANSAN AL depit ¢ and

an arrangenment accordin ig,. 12 is - icte Iow but
Bt h Shorter | nRErS gy nGYoB b®  Htrs R TAALBhetR BF oSke et 0 7
Fig. 14 shows apsttamtiveakhréesi gn of a protective area 4 according to

the inventi.on CORPr#Seg @Lfndelceéﬁsééﬁﬁé-xc%ffpfth@ Pélacfﬂleﬂed%uéé\lw iaﬂzetxhe
same or dlfferent structu

desi.g an _ou u out er
attachnment frang 6:° reac&?sv 5%0?5%5 Sﬁﬁ%ﬁ%‘aﬁﬂ’ qi%%@g{ r%taur al
design of a pr o@‘é‘é@ﬂﬁé’ aredow- “&ﬁi@ﬁﬁﬂge@ﬁﬁﬁrl@%pl osi ve-conpri si ng
fields 4A di fferhdigFtontSiang peaeveR dli Feeh8grédctSiveuatignad TBS&rgN

(for exanpl e, iQQiVEggalEXa&%iéé”ﬂgiy%la&nt%IQEQUp%%é essentially
homogeneous, or consist of a laminate or layered
structure;

- The size of the front and rear covers of the reactive
middle layer or its reactive partial areas essentially
corresponds to the size of the explosive fields;

- The front and rear cover of the reactive middle layer
or its reactive partial areas are single- or multi-
layer (with or without intermediate layer(s));

- The front and rear cover cof the reactive middle layer
or 1its reactive partial areas project over the
explosive fields of the reactive middle layer;

- The front and rear cover of the reactive middle layer
or 1ts reactive partial areas can be wused in
combination;

- A plurality of protective areas are arranged in the
form of a shutter;

- A plurality of protective areas are arranged at an
angle relative to each other;

- 2An additional layer for disrupting a (residual) threat
penetrating through the at least one protective area



Fig. 16 shows the structural design and arrangenent of a reactive
protective area / protective plane according to the invention having
areas conprised of reactive elenents 4, wherein a single-layer
structural design of the reactive protective area 20 made up of
angled partial elements 4 is depicted here; Fig. 17 shows parallel,
reactive protective areas 21 (e.g., according to Fig. 16); Fig. 18
shows a doubl e-layered, mrror-inverted reactive protective area 22
(for exanple according to Fig. 16); Fig. 19 shows a protective area /
protective plane / protective zone hawing a shutter-like structural
design; Fig. 20 shows a protective structure with a shutter-Iike,

of fshore reactive grotective area 24, conprised of the reactive
protective areas®4FheRBithiNIEER WEh3t - 188°E oneg, PrALEEE+ BacRTSAe
areas 25 and/ orafi@ ¢(lmbovgecpatti bt mraastéd, 26idnd26/ispaveda ngae

apart from each gibefve 1) Qe RBKLLA! L8 BASHAbt 2R BNdnd ot OLEL har

forma conbi ned grotectlve £a¥er X Flg: 21 shows a protection
arrangement haviRg° t W' pPoPERTTVE 4FE35 4 havi ng expl osi ve- conpri si ng
fields 4A and i Reetay leggkosiyeratestivelakeaqBs| noaltlve akorbard d,

mut ual |y enhancirRg fesndtarleappiffa aeSaRy6s: 2¢he Fit). 1e2@t $nd Mi@Weof a

protection arraﬂgfgpq%xpgﬁéfgiég%i )rotective areas 4 having
sing fie an

expl osi ve-conpri _ . ‘inert /| explosive-free fields 4B
in a strip-typelPfXerddiyceRRAREF hFEGFePhgBRR gt least one middle

layer are rotatable or have an adjustable inclination;

- The reactive partial areas and/or the explosive fields
are pyrotechnically interlinked;

- The at least one protective area comprises a shell or
a housing;

- The explosive fields are provided with a pyrotechnic
or mechanical initiation aid;

- The sides of the front and/or rear cover facing the at
least one reactive middle layer have been at least
partially subjected to thermal and/or mechanical
treatment;

- The front cover essentially consists of a material
that, in light of its thickness and/or its mechanical
properties during the detonation of the explosive, is
stamped out essentially corresponding to the size of
the reactive partial area;

- The at least one protective area forms a modular unit;

- The front side and/or rear side of the at least one
protective area comprises a cover layer;

- The front and/or rear covers are Jjoined with the at
least one reactive middle layer by means of a screw

conmnection, adhesive bond and/or vulcanization.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other featureg, advantages and possible

applications of the invention will be illustrated more
clearly by the following description of various exemplary
embodiments along with more detailed descriptions of how

individual components work and explanations of processes



Fig. 23 shows two exanples for the structural design of a reactive
protective area 4 having reactive area el enents 4A (above:
doubl e-l ayer, overlapping front pluggi ng by neans of accel erated
partial areas 29 and full-areal lining 5; below double-Iayer,

overl apping front pluggi ng by neans of accelerated partial areas 30
and a front cover layer / vulcanization layer 31); Fig. 24 shows a
structure conprised of two reactive areas A and B offset by 90
degrees, having a strip-type, single-layer coverage; Fig. 25 shows
two exanples for the structural desi of a reactive protector 4
according to the invention having a double-reactive protective |ayer
11E having an inner separating |ayer 32 and double-layer / nultilayer
front and ré¥PlBiaggiiRngiey hedhs SFTPEFITIAY drweadFekanes 5 abe 30
to be accelsrtarbdd drawhgs Fpgimdfishewsstivmes iexaapt mdlorviews),
initiation gjdsisfabove: initiation-supporting pyrotechnic |ayer 33
between 5 and 7; mddle: initiation-supporting nmechanical arrangenent
34 between 5 and 7; below initiation-supporting elenent (e.g.,

squi b) 35, Bsbeddets i i 7 §dmmagliso bectivreygr ateevwi nbé Stbe | hésia
speci al intermedi a6ucayieE) b WNBEEEdLEA Ind¥eEanberddidtl docapahd scshock

or even dimnishes_,(scatters) the.detonatio ftect | rovi ded
bet ween t he explo§ﬁ%%lgﬁgngh%nﬁﬁﬁﬁﬁ%éeag?‘%%é%ﬁn elEFé%é%Fﬁés and
exanpl es; and Fi g.2 2PreRheAB1{chr é¢cexahpl s fo¥llor 8Becthve rgrebtven t h
differently positignedaladdéid omalofpent ecdadcte vk ayeddle Wakks Of;

contai ners (above: upstream | ayer 38 spaced apart in relation to the
reactive protective zone; mddle: structural design_as_above, but
with an addi¥-oRal 24y er " FetUeem® AT Cacti Vet pret et tBR FEABL MY t he
target 1: bel ow douddlie- | rerediar mvdngensnt bHedtmeeantiherdsgactdwer

layer and the targelyels 1PETAWED DEICRETLEDLGF D EXEMR-ARY
EMBODI MENTS Fig. 1 shows a schematic side view of the basic

structure of a prdt&& i*én arrangenent according to the invention,
with the object to be protected 1 and a reactive area 4 pl aced

of fshore / mupst seamd romwshed aldeerscrhiavihhg fhen rgaetive pad tidl,

el enents / partial ich contain the explosive fields 7 of
the parti al field§“%%$%$ﬁg£§a$%%a§ 8?v?¥é¥5§' A is/are plugged

outside by the frame 6. The outer plugging by 6 is subject to the
same physi calg.ruheso avtd showct thake/ eyahgiag el aded gongrdecati®ns as

for the inner plugging 8..uhich !l b Rleai ngd. bel QW Al L he sane
time, the frame 6 cangge,ﬁsed té’attacﬁafﬁéeproté%tive area 4 tdﬁthe
surface of 1. SucPPEEFEMESc&FCaFsd r 8pr S8&RE 2N RIEERBRDUSPel Fitent |
in which one or noreriexpl bsck et ceapr Lsnings dyesgexcsgn be introduced /
inserted during - 28 -
Fig. 4A shows a rear cover of the reactive middle layer 11
by means of a homogeneous plate 92 to be
accelerated, wherein a cover layer 11B is located

between the plate 9 and the explogive area 11;

Fig. 4B shows a rear cover of the explosive-compriging area
11 by means of a bulging plate arrangement /
bulging structure 10 consisting of the front plate
g, the rear plate 9A and an intermediate layer SB;

Fig. 4C shows a rear cover of the explosive-comprising area
11 by means of a reactive, accelerated plate 9 and
a bulging arrangement 10 spaced apart from the
latter by an intermediate layer 35;



assenbly or given a nodul ar construction. This provides an
opportunity to load the protection arrangenment with expl osives only
as needed. The reactive protective area 4 is inclined at an angle 2
relative to the threat synbolized by the arrow 3. Mre detailed

i nformati on has al ready been provided about the angle of inclination
2. The reactive mddle layer 11 of the protective area 4 (see Fig. 2)
is provided either partially or over its entire area with both front
(facing the threat) and rear linings 5 or 9. The incident threat 3
initiates the corresponding / exposed,£xplosive field 7, and

accel erates the conmponents 5 and 9. One special feature of the
present invention is that, despite the snall detonating expl osive
guantities, it provides nmulti-area / multilayer covers as well as
protective Ki@rbEnati®dns wireh slpess alvibak| | sttawdingr oples t ilesersuthoms

bul ging plates or hulgieRd -ArdraRaerBM Saddh (SemdiiGs PhrtWRi Chrad e
dynamcally fully arison to conventional reactive

fective in
protective structu% %I Kﬁdjd?“tjldgeglgt 8" PHHGPETBY €43 ngl e- | ayer
" rear cover. Fig. 2 shows the basic structural design of a reactive
Iﬁyer 11 wigtily.t lbe dnant anobfcﬂﬁcteeaerax:eatyeas étﬂe&eanﬂaéécB est p@tet of
the protective |ay ctjv ed_area el enen
according to the |%€/eijtlf\é"o EFE@ |%.) g’?l LE% 11°%hco asslaelz %oﬁﬁsth
expl osive / the exi d&%agf eeFaetmeh tﬁélﬂnﬁ@alpﬂeg@pagoé both
(pluggi ng between divesewptbsamend isebhds) 9 as wel toase avyepeostaed front
and/ or rear covers / protective |layers (11A and 11B). For exanple,
the latter are use to protect the layer 11 or the fields 4A given a
modul ar corfsruéti P whF 2HE et | s?r ¥pFRs ERETEONPHNEMEES hat
can be separately tmmitlleél arth iheingar bvahebnel oS adka Allsventsli4%at ed

i's the upper, out %ncﬁoé(e%eérméﬂ@ecpuiﬁlﬁlrfg agE @neWMHERLI ractcetér@e@dml e
is integrated |nto the Ia

5 wil a]tl 1 areas The la%fis 11A 2 1B a
not intended to be Al onormu% T8 n§ESTh Yerts” ﬁé’ﬁ %n%mbsr 9
but rather to be L/ncfelrlétéeﬁabnlr)ﬁaéfsleﬂt@ %odAdary Iayers of the
expl osive. This is why they were included in the drawi ngs. In special

cases, the yers and 1 &b S p pe for
xampl ¢ a8 "0 ot e he B pH AR I B35 AEH SPESL O BLEP RN

can hel p i npart ne%H&nFEﬁf‘lst]aJBHnigtyStot‘t hed aysRched [CHTBEgHerty ne
cases, they can al&axdmetynewste axpaonine Mendphugginmenhteld tLheisexplfosi ve

fields 7. In like wraeeeltﬂ@cé@uegaty atl%%rl ééé%aétd/ Us gvéhcz?&a

i nfluence the plug%n% exIOS|vef|e He% way 0 Its

physi cal properti F‘g aﬁeas Talbt ritEdtae iSGHLREERTHi ng to
the invention having the pyrotechnic layer 11 along with a front and
rear accel efigted, i ealsL@¥ha? 0fed. of h@ fcgmct%éeaeéam&vﬂ‘ﬂ e
presents top view A Th| Vi ew ]gpacts Oeetler1 pes ﬁ 1‘grlucggl ng
B ahi oh 1 t er md SESHHET LRt | bn 6 rE P EOL B LGGPRE?

can exhi bit other Riiuﬁféﬁﬁlgoﬁélt%?ajevéfﬁp%ﬁaftﬂélﬂemlemﬁetp%:rt‘f-’fe%re(ltlfiatfé?q al's,
st rgct ur eﬁ) Thi s dr¥angteagiedatotdinist tat @ighat 3t hend nners phdiggi ng
grid or the inner, n ri r icja nts
can essentially b& r]j%brgg?& g‘%% w@ﬁgg 'T’k?ér&g Vgelei%'gggpc(andent ﬁggl%‘{reuach
other. They need derﬂoﬁtséﬂ‘élf@ itl‘if"é”ldr é’q@iullgh%%ta?tlﬁ’étget“ﬁ%tlh i34 dde
field size be as smmld lasippssi ble at an optinmal functionality. In
order to reduce energy transm ssion by shockwaves into the adjacent
fields, it _nmay be best to |ntroduce air gaps into the webs 8. Figs.
AR to 4C SEGR thr 68 exRIESPRbr VIOt cRURESCR) B RERR N Hac ve
area el enents / prushetivee layper slY end4/gemetvacablys, coetdunesl,y

accel erated rear (ﬁm@%in@ostgéb@fatlldgm ngﬁeéneﬁgyers whdr-dife exappl e
of Fig. 4A, the rear._cover of thedreactlvel er, goggl sts .of a

plate 9 to be accél"éPAPed "'si Fiated Heteeh T ant ?ﬂ pI'§sitEpl ane

provided with adjusted / inclined (horizontal or
vertical) plugging webs 8B;



- 30 - 11 is a cover layer 11B. 11B can be designed in such a way
that this conponent in conjunction with 9 yields a bul ging
arrangenent. In the depiction of Fig. 4B, the rear cover of the

expl osi ve-conprising area 7 consists of a bulging plate arrangenent /
bul ging structure 10 that is already known and has been in use for
many years, which consists of the front plate 9, the rear plate 9A
and a layer (insert) 9B | ocated between these plates. The insert 9B
is usually configured to be roughly as thick as the cover plate. In
the present exanple, however, the laygr 9B is thick in relation to
the front and rear conponents, so as to create a greater, dynamcally
gener ated di stance, between the_accelerated | ayers 9 and 9A as the

bul gi ng ar FafgerBms i3 SRTEEPERAL B4EPHy°t hEVYRRAECERYE eRPEDTI V22 I n
this way it shall 4% hehirgyeche oralicsrivpt lialgerr éar amdr tiremsidiondie
penetrating hol | o ghaigepiBlefVetn@ RNeLYNESd JepbAghaf Lhae. i the
case of penetrati n%?liltnetl C energ%% r.mnltl%ns, the plate 9B.can {h,Le

adj usted in ternms BPORFERNdss "EGHBt & i Hi%0 5P SFPEELFVRT

di vert these typeslafert RBehetwern \ieland Exper fembet ssheweve harndrout

0.5 to 0.7 tines tiimed)i ckoess arahbBer dhaEtiekeof 1iedhteat s cam be
taken as a gui del ipejtSL regwgeé jSecikness of the plate 9B. For the
e

fol |l ow ng exanpl es, rrangemar?fqé essentially to be classed with
t he bul gi ng plates or bul ging arrangenents, i.e. containing the

conponent s F.g.9A1 aixd HBddrianadr vaagesentwe apaltleetote batging ael
enconpassed in i t&/f Ly oC AS 8N 16¥RANSE OBl JRE BFLangenent

illustrated in Fig. 4B. _The rear cover o e expl.osive-conprisi.ng
area 11 havi ng th&%‘f&ﬂfﬁﬁ%l fFrelfds! 72788 hdrant F 1SR T 6ut 2By Sidans
of a reactively acocel er atetk pllanén® @ndta bed giangederamegenwinth 1G
spaced apart fromdheshatbeds byap | niey redi 858 |1a%eIeedS 7 ald als

properties can be gssigned t.0 e layer 3 Far ample, the latter
can act as - 31 -W%egéesgr %88”%’# Fl{lgl%lm@B jfsjora“%oﬁgé‘ng’ﬁt agge %%‘ﬁer,
it can al so consi stlegenasspeci @pindedr i atover aarpbl grednrareedidte hat
gafs aljr eady provendyeseht Bééwedd \tﬁleolﬁwﬂuﬂﬁpmtﬁiv@C@Qcéh@P$Ai£hd 7A

ef endi ng agai nst . : w.Further, 35 can consist of a
shutter-1ike or falbljr_idtgpﬁ:égéeésbterl&%t’ ure, for exanple so as to exhibit
speci al danping properties or optinmally accel erate the subsequent
bul gi ng ar rFaggenenthaws swoh eaampled hébr | foref fregtivenessa exiends t o

the HL jet even over af esRaG aldohdhABEe PST iQdaffedd - 3 VEQA o
t hreat posed by Ki n%t;vlgc,energyp]genetrat ors,.an arrange 10

nment
accel erated in t hiSRIEY ¢an FEEATRvE ran’®f f SBET SO par &Ry frea
honogeneous pl at e,liminghad witd chersping stumabl é {astEpenegr ateigshe
conmbi nation 10, andidcendhyeklegedder s by st hadilciBa diaghatk onaniheheby
deci sively reducin tahe fé al Sl?a|£l stic pﬁv\er.t@ngg. 5 tcg? alﬁ:‘%‘ show
the effectiveness of “APTargen®ht 823 ot 8i AGPT T The T Ientn. Yty
illustrate the bro&ddrangskigppyi duwrded o veaerireddt reriturads
based on the desi gneteacsi brdaiboye buradi fddieentiafeacyi peopsadieet i on
arrangenents. At tlg?e§agg_ti me, the serious differences with respect
to known reactive ‘arrangehents are nade evident. As a result, the
present ed exanpl es can be expanded as desired, for exanple by the
expert reasdgably issi mag eectisdlni vgetwheost riwed urcadhedes pgnisedtaront he
various arrangenen,s dgpheted in fhe, di ffgrent fLgures ip,such .3 way
that optimal effects ¢an be_ achi eveg. The arrangenents described in
Figs. 5 to 7 can &6 683t B¢ For @?%?Tpl%leﬂeenﬁﬁpl §hg 135F%ds on

both sides of the Hlageindl8t habere®n st appetiautas fliiglidg by tire
detonating expl osip@ctIhe hbPbRYS 1PrRt@Ct hASL iQMEr 1008, £A0208 &hl
si des of the expl osi_ve f.ield or rrultllax%é, artial -ar

area 5 3

|
Lsld orJpult % oPA th PRCTFH and

full-areal |iningscan be used 1 n equgﬁ
also fixed in place} by means of 8 are depicted

above, and an arrangement according to Fig. 12 ig



- 32 - Fig. 5 shows the interaction between a protective area (here
based on the exanple of Fig. 4) with the reactive partial areas 4
havi ng a continuous / full-areal lining on both sides by neans of
areas 5 and 9 to be accelerated. Detonating the explosive filed 7
accelerates both lining areas (5B or 9C), causing themto laterally
graze the penetrating hollow charge jet 3. The arrows 12 synbolize
the reactive acceleration or velocity of the accel erated conponents.
In Figs. 5to 7, the arrows vary in size, and are thereby intended to
hi ghlight the different velocities to,de expected for the various
arrangenments. Fig. 6 shows the interaction of a protective area 4
with se9nented / partjal-areal lining (partial area |lining). by neans
of the area el enentSPHASEs PEARY f 1Bt Wiibc heF st e d HIs¢a® vPgindr 8
partial areas 5A ascwdlat asom Fomennbeusrdsdedl bneveal rear |ining 10.
5C synbol i zes the partial area 5A accelerated by the detonation of
the explosive field 7. The arrow 12 for the hi eved velocity is
signifi cantl?/lf'l grgg%%o"bsy acor’r%fruicgéfﬁa} ogﬁqu.n 5%(255} S ERETS n?%ega ar ea
of the non-det onatd¢rpradpdcent td ey insedombreksedhif Isepapsove-
a(r:]cel er at ed gr bentcfcaxipia@iny\hiflielaéle apNvERt othd Sshasi eal 'dy.rf]ferent I
characterize y t i t he cilve.,area.11 with the partia
fields 4A, arrangegntlearr]it% gﬁ\%mg?hgésclcdgﬁ'eégse%ﬁ poélrtt% Faplg?%lansg gAan ode:
(alternatively or ¥aSmBPrRatT1® Wit h corresponding partial fields on
the rear side of 11) are very effective in particular against hollow
charges, duygdto;kheyer wnbaplfl acagher %Uroghé‘ng%f{?crt)ﬁrgigaegiﬁ of

velocity. Fig. 7 shows the I nteraction of rotective area 4, having
a continuous, ful |2 ar® CiEFe- 8FAI, % ar EAHTISHi ngts €3PS EfSnped
t hrough via the detawpatisongoffiehdsexydl odiffrmng airsegieat ed |evemg
(partial areal |iniiher@hgt henaceelerahad, reanward parti akagsras 9C
as well as another, gextensive artigl area 41 (accel erated area;
41A). Fig. 23 describes sStch an extrenstve 1 onng™¥H ‘greater detail.

- 33 - The final velocity of the stanped out partial area 5D w |l be
somewhat OI| ?‘-\ﬂ@f ilﬂ grelat iR tsxrﬁ;heueaarr}aégigﬂ 5}1@. abrarfddteat eRer gy
extracted fromt 2.5 ..appl | to,fo ea. ver,
bot h experience aﬁr sciéyrlrgiaat gg%&%gﬁ;‘%oat%%% hé\(e%?ﬁ%gv:ﬁt]?{?at E[df;%\?
percentage i s substENFaPEy L8l e ARV BN Th BHEFgPrrafuFPEer F35id
accel erating an emi r eaaenivd halemsntad sa, acoedreriat edl. sthglenerypr

required for stampifigceUtafaBe@ sP b CANtFoldi8deby 3electidt da
corresponding material for as, i_.n ?F‘Fre I m nar

9C, as N _
fragment ation pr oczeosgﬂadg.@}?,oﬁliaélgll\é\ﬁe%?r%rie Shehtt 3F ﬁ%%’rﬁ?ﬁdcal
measures, such as heYelied slots. By conparison to areal |inings, the
arrangenents described in Figs. 6 and 7 yield rmuch hi gher disruptive
pl ate vel ocj.tie nd _hence, carrespondi ngly, higher protective
per f or rranc%ls}g'l B tsglror‘frss BF ¢ leeci\i.elrgfgf?}‘ées%&yotfaﬁ s eélrsa?idy%‘r%as,
t he exanpl e shown &9¢°FR§Ra 5t §F'igat her; conparabl e to conventi onal
reactive protection arrangenents. However, the used and in particul ar
t he detonati;ng exphesive SSHALE nly 4 Il et hel .
arr angement slgéccoro}ﬁ nS t%nt%he ?%vle t%\éﬁ'canhlr%\eg@u%rélggﬁoéégcﬁ?%%te?ve
conpar abl e prot ectAAPESHEITDr et ed?  SIGFc MO LBUBEFOER W P&t tHishs
that are al so acceledr;ated usually do not interact with the threat.
Fig. 8 shows the schematic sectional view of a protective area 4
having the reactive |layer 11 and geonetrically configured,_plugging,
| at er al seﬁé?’at#%f &mefit sp.rq§ﬁ6\ﬁgv‘§s %ﬁ’?aexérerEOfiesCtg‘NearP mént
accordi ng to Fi gs.px3tanative webthe whdgenshapethustles-Bikd ot thecuxmaier

pl uggi ng of a contgdaugys front, full-areal lining 5 and a rear
bul gi ng arrangenent 10. Any geonetric shapes along with a plurality
of materials can be used for 8A; for exanple, light netal or plastic

Fig. 20 shows a protective structure with a shutter-like,
offshore reactive protective area 24, comprised of

the reactive protective areas 4 in combination with



- 34 - The requirenment for inner plugging makes it possible within
certain limts to varyingly configure the effect of the explosive
detonation in both directions. In the exanple shown, a |arger
expl osive effect can be expected against the threat direction than in
the direction of the bul ging sheet arrangenent or target.
Configurations of zone 11 not only allow a directional control of the
expl osi ve effect, but can rather also help to further dimnish the
expl osive to be used or detonated. This is of interest in particular
in conjunction with thicker explosived ayers. Basically, the
explosive fields 7 can have line-type, rectangular or even free
designs. Fig. 9 sh rotective area 4 having the reactive Iayer
11 and geonetricalt c&r]rngu’feégd:tléfﬁj uSteRf / 2 mch‘ﬁe‘%F pléGggitAlgeve
separati ng el enmentgartAelangeaents 2% candi 3f smrdedgsord apar?d Af wont h
(horizontal or verddgal &tm&ﬂggb@govw%ag&ﬁ ea@@@é cyed.of i gsg LG to
13 present further cont i gu ations o ccording to the
i nvention. Fig. 10°SKSGETt he"S&Lr8 %ﬁ‘e Y5téétive areas 4
or 4A having the reactive layer 11 and tranS| t| onal | ayers between
éhe pl uggi rrlgggogpcm&mgs aad thetexphosi V%.r}anfghﬁeﬁltppemgﬂaﬁgi altwo g
raw ng incl udes re nsit en .5 an
7. This layer 13 aJt%%(ji\ergl g%lLed&“Jbased H(?ﬁ'q?h %f%éis?%%le gl qui T enent s
pl aced on the shoclifdfe %s%én@é‘éoés%@qsﬁﬁédéﬁgﬁ%)f%éfiﬁeérh I @nd 5
or 9. The | ower partdcklertdeawd ng ndepiatlg aeglanespondi ngvephapping
lateral transitional,chayer,413A between 8 and 7. Fig. 11 shows the
sectional view of two protection arrangenents 4 and 4A having the
reactive layer 11 and accel erated, partial-areal or full-areal front
el enents, &39wel? ims @& veew of n&ngrgtwtihvel aovehgendd bdtimga two

transitional Iayerpx(o%l.»at@ve 174%ehet weema?flagd gxﬁ,pcmafe cbmigs:m

partial draw ng). | ower r.tia raw u -cover age
17 and 17A of the exgL os%‘{\%e aa LA& exrﬁléjr%rjf?s’ @%@ cdh “be

| ocat ed between t HEHEROTERDI wtwlheﬁﬁwlaﬁdcm%ea%epar ation or
reaction |ayer, for exanple in the sense of an initiation aid for the

two eXplOs%ﬂg.cﬁgngﬂy%gt%wgsgﬁaﬁﬁiks %ﬁ%ﬂ the structural design of a
reactive protective area 4 having reactive area
elements 42 (above: double-layer, overlapping front
plugging by means of accelerated partial areas 29
and full-areal lining 5; Dbelow: double-layer,
overlapping front plugging by means of accelerated
partial areas 30 and a fromt cover layer [/

vulcanization layer 31);

Fig. 24 gshows a structure comprised of two reactive areas A
and B offset by 920 degrees, having a strip-type,
single-layer coverage;

Fig. 25 shows two examples for the structural design of a
reactive protector 4 according to the invention
having a double-reactive protective layer 11E
having an inner separating layer 32 and double-
layer / multilayer front and rear plugging by means
of partial area elements B5A and 30 to be

accelerated;



Fig. 12 presents two exanples for front partial area coverages 4A and
their attachnent / arrangenent via what are here doubl e expl osive
fields 7, 7A. The partial area lining 5Ais fixed in place with a
clanping strip / fastening strip / fastening elenent in the upper
partial drawi ng. The |lower partial drawi ng shows a conparabl e
arrangenment, but having (for exanple, adhesively bonded or

vul cani zed) partial elenents 5A and an outer cover |ayer 14. 14 can
al so be the wall of a container or housing, or a carrier elenment (cf.
Fig. 27). Fig. 13 shows the sectionalywview of two further exanples
with nmultilayer, reactively accelerated partial area elenments and

| ateral plugging 8. A partial area_lining of the reactive |ayer 11
with parti aﬁgl%ar gﬁss%%’%n"d'l%ﬁ? a‘?’@&lplﬁﬁor:FtO%Cd\FértlS‘té‘ﬁ%c@Hd%pé? o\F
necessary al so fi xaditiimtpbacsypiprtisanpyobtdlirs ccdryred3dubeiwedrhe
upper partial drawngnaThe hoWele Pafii@lacdbaiihsdRngt hedlanical

arr angenent accordallrn r:[%mghg':aé}zb tt‘))‘,ut nWRtsh §h9fteé L nner l ugjgl ngs 8
so that 5 or 5A cah beopressed’ onto 7" AsFdI I ovkeIPEmTHE 35T bed
geonetric propertiBPRIFCEHRGE 0ETISFE diceds. aseovli F§ .t embhédedhvientd on,
nearly no limts ateaplaiced wn idtegeanéd guﬁtadipnogf ihtkezﬁ by®esa10f
reactive protectiv - e qQr. tor .he ]

surface shape. A p%t%rer@%?\l/ae@;r el%y%'gﬁ?él s%kgeb,%glgongi gidar%}ee% ngha’%%artl ous
partial el enments. FEANSELILSt §POEReOTt BYRR ui BT idediegn (§F2BEHFOL detd ve
| ayer 4 conprised ddtceepliosi aEtecanperi staogideide bdswddn Wheh ekheosiane or
different structuraly desi GhiARg aPrOM&lent! U99i1RY thedl akaﬁﬁm@m
frame 6. Fig. 15 presents andther exanple for the structural” design
of a protective |a 4 conprised of explosive-conprising fields 4A
differing in size or even differing in structural design (for

exanpl e, i ndigvi draddons0r eI BREMPIED G6OURSIotebhiPL OLBGLEVE ANLas
according to the icplvf%rét ierqgl t he o%bl:%ﬁeéo beddgrigtoect ed basjc I.IVy has
pl aced of f shore a TEAct Ve Proteeti on &t angenent S %hi cR*PE A Fst ed
relative to the the&Esdi Feels ofr i PatRénarea (spmsiee ivpPshceam hlayerAs

al ready expl ai ned,3da hepargie @faithi Sn nekisetdon o adhest BNt ive

pref erably ranges ]_:Q_%tt 0., 30 A45_ . ver i ng . {1 el

size, it can be desi \r%gg%%tv\gg%?oméﬁgx\gb, %Ig{%gﬁlgg% ocrlggr'll%ﬂge a%f
angl es to be sel e¥H s Wer i Vdd #dnPeRktirAdci 1398 thetpesax féet ed
for the accel er at escagltémenpsoiaattiche zanea aofl the obyreget 10 below:
protected that is dpiuhe-coysred By-ahafsr ehetRin TS [eagliie
protection arrangenent ca& %x?t nd as an even structure over the
entire target surface, f9 aE‘BFganlt'he formof the protective area
depicted in Figs. 14 and 15, or be conposed of several individual

pr ot elcti vle: D@Tﬁ?ﬁEﬂ-DE@C@iPTi@NtC@ %@;EPE?SE?J“@&(@M@M&G%MBQBIME&@ F]?r
exanpl e, Fi nis_an exanple.for.the structural design o
arrangerrenthgf g fgég‘g%i%/es%reo a)ééfi §ear 55 ?pfrsohéactl \%cp?‘éﬁ%&um
accordi ng P8 thePTIRASHLOHN Ay 2Reanentof 2arrediay conpEisednventiomct i ve
el enents 4wikhvehe¥edbhece ts Besphgltea-tadeal &id uct veadtidesi-gaa2Q

conpri sed eﬁaégﬂ'%QfBﬁéféab Q&%@?QL& %rom the latter, having the

reactive partial elements / partial areas 4A, which contain

the explosive fields 7 of the partial £fields 4A. The layer
4 or fields 4A is/are plugged outside by the frame 6. The
outer plugging by 6 is subject to the gsame physical rules
and structural / system-related considerations as for the
inner plugging 8, which will be explained below. At the
same time, the frame 6 can be used to attach the protective
area 4 to the surface of 1. Such a frame can also represent
an autonomous element, in which one or more explosive-

comprising layers can be introduced / inserted during



- 37 - other arrangenments and conbi nati ons of such partial areas 4 is
concei vabl e, which permt an optinmal adjustnent to the object to be
protected. For exanple, Fig. 18 presents another exanple for the
structural design and arrangenent of a reactive protective area,
conprised of a double-layer structure of mrror-inverted, reactive
protective areas 22 (e.g., corresponding to Fig. 16). In Fig. 19, the
protective area / protective plane / protective zone having the

i ndi vi dual reactive protective conponents 4 exhibits a shutter-1ike
structural design 23. As a consequencg, the target area can be
conpletely covered without inert weak points, as illustrated by the

two arrows synbolizing the incident threat (cf. also Fig. 20). Fig.
20 depi ct s AERETPHY t PerI BRI B} JY FIRSFLHEE £ S0 PEETERS an
struct ures dpgeirhgnstwt tey - [1dee] offeshorerecednt i verpmoteeht vewateas

24, conpri sgd10ti{de JACLEVEQiLE ective areas 4 in conbination wth
the al so reacCtive areas 25 and/or 26 for achieving a reliable degree

of coverage, and hence a reliable absorption of power independently
of where t IT@et meeative t srotiveiyar birak ar éas idcledmt 261 aarmylspaced

more apart rferlaﬁwac#aoottlmr tHrdae dpperipadt bal tdeawiNgw Whi lgdde

parti al areg% % Eomnqitoge}he%iE%g abgggblggdlga t ctlve
structure in Fﬁ OWeT ramnng tne spe e ¥ t he

reactive pa&giLal Oér%lpétﬁﬁlatzi Hé&g Eaﬁcwé’eoﬁ'ﬂiﬂ%ﬂ%ﬁw‘e’nﬁﬂn@ﬂ the
nul tilayer pavrangerenirea Ihisealme.enpblepriheduseenfharepattflly

protective g ggs, Wi e%t@?étél[céﬁ %Iﬁlt‘ﬁ i:%lé eqflc%ln‘BS l¥&c :ﬁrggstﬂt%ﬁt eRFed QW

expl osi ve cover age. exa % Vi ew of
protectlonagﬁréﬁéén%ﬁPlﬁﬁﬁhStﬂB pro %%t%%&%q%¥$eﬁ§rﬁaﬁa§|ﬁ@ltlates
expl osi ve- ¢cowpr icsrngsporalicy 44 ardpbsedt éxpasliosi véiéree 1. elasi 4B

in a checkebaasfar dBitrial chsmﬁaﬁa&cg @gaﬁdoyerbﬁ@%&ﬁ@veéé‘@@r@ Ge In
this way, t caqver

expl osi ve- 5§ﬁpPF%?%BZdﬁﬁsgtl%%é¥gghth %ﬁ%??l%%ef?Q%L} dgpgrating
surrounded spplpaire quatitddieri git2prpredemtmildioaher éxanptelayer

: nvol veSIl Eefoeekg as}or@éact ken pagrorteagemenkoiﬂaﬁkao&z\éo vplrtqi egbd MR 1
ayers g\aﬁegsl‘?ﬁp g?é%ee tci%gpr Isﬂc%g Sst ri}l?frﬁﬁngalaq ates

/
expl osi ve-free s ina'strip b enhanC|ngE%o§%rage
28. arrangements 10 (see Fig. 4), wh:l.ch are dynamically fully
effective in comparison to conventional reactive protective
structures, in addition to a single-area / single-layer

rear cover.

Fig. 2 shows the basic structural design of a reactive
layer 11 with the front and rear cover layers 11A and 11B
as part of the protective layer 4 with reactive, plugged
area elements 4A according to the invention. The layer
marked 11 encompasses both the explosive / the explosive
fields 7 with the inner plugging 8 (plugging between the
explosive fields) as well as any provided front and/or rear
covers / protective layers (11A and 11B). For example, the
latter are used to protect the layer 11 or the fields 42
given a modular construction, in which such layers
represent components that can be separately handled with
the partial fields 4A. Also indicated is the upper, outer
cover / the outer frame 6, which in this example is
integrated into the layer 11.



Since the reactively covered partial fields 4A of the present
invention can be extrenely small in conparison to conventional
reactive arnor, edge hits or edge-proxinmate hits becone increasingly
i nportant. Depending on the range of application, it is thus

advant ageous to al so adapt the configuration of the sheets or areas
to be accelerated to edge-proximate hits or even to hits in the edge
area. This is especially easy to acconplish, since both accel erated
conponents with the size of individual fields as well as linings with
a | arger area can be used. However,_t4we latter nust be dimensioned in
such a way as not to significantly dimnish the velocity. Fig. 23
presents tv%eeéa?ﬂ es for the_structural design of a_reactive
protective dfed X eASvithg PBACLIVe®ET Bl BHETS 4 AN SNFEPPEDHT ng
coverings flominhe respectntvefexphpsiares i%lads. 9 Theuupperheqarta dbe
drawi ng depiress8o8@UDL B, |2Y @ OVEELRRRINA ol L 2Ot o PI UQYING1BY: FEANS
of accel eraItl_leidS stir%al caleas r%Q.%Q?uéeu l.- arglal lining 5. _The | ower
partial draw g Tnyey vesa "FETprESTaYEt *PoVEFI SppY ‘r Gt SB?ﬁ]g%fng
by nmeans ofcag€cel et etPyRiet | 1A apBds 138 «nl abf r oAtigesdr sbayerl /
vul cani zat igrivpleayess 31foASexiplasad d@fictateadFihatac] egidenr a
proj ects oV 0 fiald dociBho. A4,Shous finthetchar aglenlel g
exanpl es for the configuration of arrangenents according to e

i nvention. 9PdépFet §°t he séetrat e sEEthorfarlérewcares wotkseantites
for the straicburizd disvgh ef @ reacinale prujcdagoro hiawi egpacsived9 -

doubl e- r eact;icy@sPh Ot GELIIXE hay&ly (WREKELG IR ShAL LA M tAa}d) And an
inner separati ng ga%l?er :%&t hﬁt is relatively'thitk in ca af | son to a
bUre separ SAThGF AYEICY SBE PLYTITIS G SHRITHE dRaRing) oran
especi al | y athiitk seyrircali pyopeytsies32 (| ower partial draw ng) and
doubl e-layered / nultilayered front and rear plugging by neans of
partial -ar Y el gn?éés to be c@gcellerat ed 5A an .30,t i.ch .bot ht r oj ect
over the ared of the explosrve 7 SGERTHersive Eonpondht $"BstWedh t he
expl osi ve A¥FABI7LRMPYFRCSERVES tiGYEvehl fauraige WiERAPR denthandxpassi ve
pl uggi ng. HiicelesabetauseedlBscSdwa bor der $.pltug thighdet«adat idfg the
expl osi ve r ffLgl he_jnh t. 4 i f e
expl osi ve {Egggf% L%%éé%maér?[t;y]?}rgﬁt% %ha, lﬁlgé]t‘ﬁ%“}rjea ?nglgl %%QO tl;'/eerry
thin expl oSiYPEST % RIIAAEHr %y I tFe 1t desT™F bohibedr 5TEBCS G
wherei n a relrrabbend hroouglgohngi @t ilort stanl exhakias qlece dikenst@asons
speci fic torappkhcattat-and hopepsite thigesahest Nasiblespangling,
it is advanta eous to use . slow ex(gl sives. However, thelir 1njtiation
by the i noiderf RIS UBETRSS TR, THReiPRr | AN GHIBANSTR OF
support ed rendansr of phaidiiogs sariss dapicthed gaoRtgri@mrriogessisl e.
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betveon’ 5 Siasreh Pl ARG huig BHO'RERRES P Hhedt reneRl Wi
i nitiationt$GppaLevagidlevtteltoricAsste s aselchaaf cedsdilangénem 34
bet ween 5 apdinal | furidrachanety partial draw ng, the
initiation-supporting elenent (e.g., the squib) 35 is enbedded in the
expl osive 7. However, such initiation elenpnents can al so be integrated
into 5, or e 9r8EaL B FRIFS RSV, tEanBROHDTE Nt SPREEVATRS Y& . To
i nprove handki adjsadret \idldls, exanpae, b¢ heedtnittd atnteandeteneht sgegan be
nmodul ar in;desi g e g.addabl e and renovabl e. These exanpl es al so
show a layer 36 that transmts shockwaves or even di m ni shes

(scatters) the - 40 -
Figs. 4A to 4C show three examples for a protective layer

having reactive area elements / protective layers 4 or 44
and various, reactively accelerated rear (back, posterior)
linings / covers. In the example of Fig. 4A, the rear cover
of the reactive layer 11 consists of a plate 9 to be

accelerated. Situated between 9 and the explosive plane of



detonation effect, which is spaced apart fromthe expl osive, as

opposed to the exanple depicted on Fig. 4C. Fig. 26 presents a

structure conprised of two reactive areas A and B offset by 90, with

strip-type, single-layer coverages. The fields for accommbdating the

explosive are here mlled conpletely or partially into the plates.

Let it be noted at this point that the explosive fields need not have

a square configuration, but can instead exhibit any contour desired.

It must only be ensured that a | arge enough partial area is

accel erated by the correspondi ng explgsive field. In describing the

i nvention, exanples have thus far been shown for arrangenents whose

desi gn does nqt take into account the carrying el enents, fastening

el ement s aH&‘&&dﬁtFBﬁﬁT:Eﬁﬁﬁbﬁéﬁts}lﬁ(ﬁaﬂe%ﬁnﬂg§l$Wﬁ9I%§u§Pﬁ6 Brv®de her
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for such elgmeatsnée contribute to the overall protective effect.

Fig. 27 shows three exanples for protective structures having

differently positioned, additional protective layers, walls or

cont ai ner s ITTh&hgpp@righieialofdr B ng ‘Fepi ke divagpseeeasm Phyefhe3s

spaced apardxglbstetaddm@pribongharegadt i mniEekedls v BaDginglhg1odgddl e
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an additi onal yer 39 bet e reactive pro ecflve_zo
target 1. SF6hP3SHEGRRelPetifediPtt FEWeXeRFYe WHEA #oRAdSEargotthe
surface carfroekppilaparp, nohe redwerg@latfeoraaesantlo at Naydirsriupserct) eds of a

hol I ow changeaesqi bheRRBEL T @heSet BrAHED t hEe P18, 89 95t DAY el¥ua11y
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possi bl e taarge'g_,egeé)lt h. at 1[%hov\ltts)l a dgHQ' & eg d‘%lté (I:éayz)r arran ei_tmant
with the cSmpdnehts ‘39 AR 40 bt wiSRT e T eSEFTRDI AREYF*And e
target 1. Peeeierichalaviesei & propEnt resthe Phkoigicattarapgementheis
esti mat ed haseletital naadiheexiesbhagi e Saddinsioe rneth tdQers, agai nst
t he variou eat.s, : p t e b nf i gur ed
accordingl%ygg%F%%Eﬁ%%n%%%¥ %%Bjgg%g#%;bgé%rggggtgﬁ&?g%%ggéﬁ fﬂﬁple
bet ween t h@SPRFEAT MW r¥HiWn AFdIredeti g¥er a prolonged period o

time. In the case of penetrating kinetic energy munitions,

the plate 9B can be adjusted in terms of thickness and
material so as to effectively divert these types of threats
as well. Experience shows that about 0.5 to 0.7 times the
thickness of the diameter of the threat can be taken as a
guideline for the thickness of the plate 9B.

For the following examples, the arrangements essentially to
be classed with the bulging plates or bulging arrangements,
i.e. containing the components 9, 9A and 9B in an
arrangement capable of bulging are encompassed in item 10.

Fig. 4C shows an expansion of the arrangement illustrated
in Fig. 4B. The rear cover of the explosive-comprising area
11 having the individual fields 7 is here carried out by
means of a reactively accelerated plate 9 and a bulging
arrangement 10 spaced apart from the latter by an
intermediate layer 35. Various properties can be assigned
to the layer 35. For example, the latter can act as



protection arrangenent 3Threat / threat direction 4Protection
arrangenment / protective area conprised of individual fields 4A 4A
Reactive protective field / reactive partial field / reactive parti al
area 4B Inert partial area 5Front cover / protective plate / carrier
pl ate or front, reactively accelerated plate on the threat side
SA Front partial area lining (corresponding to 5) 5B Reactively
accelerated plate 5 SC Reactively accel erated plate SA
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described in Fig. 4B for component 9B. However, it can also
consist of a special material or a polymer material that
has already proven itself effective on numerous occasions
in defending against HL threats. Further, 35 can consist of
a shutter-like or fabric-like structure, for example =o as
to exhibit special damping propertiez or optimally
accelerate the subsequent bulging arrangement in such a way
that its effectiveness extends to the HL jet even over an
egpecially long period of time. Given a threat posed by
kinetic energy penetrators, an arrangement 10 accelerated
in this way can achieve an effect comparable to a
homogeneous plate, 1in that the threat is unable to
penetrate the combination 10, and is diverted there by the
time dilation, thereby decisively reducing the final

ballistic power.

Figs. 5 to 7 also show the effectiveness of arrangements
according to the invention. They illustrate the broad range
of application for reactive structures based on the design
described above in different reactive protection
arrangements. At the same time, the serious differences
with respect to known reactive arrangements are made
evident. As a result, the presented examples can be
expanded as desired, for example by the expert reascnably
using or combining the structural designs for the various
arrangements depicted in the different figures in such a

way that optimal effects can be achieved.

The arrangements described in Figs. S5 to 7 c¢an also be
modified for example by applying linings on both sides of
the layer 11 that are stamped out as fields by the
detonating explosive. The linings projecting over one, two
or all sides of the explosive field or multilayer, partial-
areal or full-areal linings can be used in equal measure

both in the front and rear regions.



5D Partial area of 5 stanped out by the detonation SE Reactively
accelerated partial area that partially overlaps (the web 8) 6Quter
pl ugging / edge | ayer / outer border of 4 or 4A 7Explosive field /
pyrotechnic el ement / pyrotechnic zone 7A Front explosive field /
front pyrotechnic elenent (in the case of double configuration) 7B
Rear explosive field /rear pyrotechnic elenent (in the case of double
configuration) 8lnner plugging between the explosive fields /
separating | ayer
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Fig. 5 shows the interaction ketween a protective area
(here based on the example of Fig. 4) with the reactive
partial areas 4 having a continuous / full-areal lining on
both sides by means of areas 5 and 9 to be accelerated.
Detonating the explosive filed 7 accelerates both 1lining
areas (5B or 9C), causing them to laterally graze the
penetrating hollow charge jet 3. The arrows 12 symbolize
the reactive acceleration or wvelocity of the accelerated
components. In Figs. 5 to 7, the arrows vary in sgize, and
are thereby intended to highlight the different velocities
to be expected for the various arrangements.

Fig. 6 shows the interaction of a protective area 4 with
segmented / partial-areal lining (partial area lining) by
means of the area elements 4A of the front, accelerated
areag via the partial areas 5A as well as a continuous /
full-areal rear lining 10. 5C symbolizes the partial area
5A accelerated by the detonaticon of the explosive field 7.
The arrow 12 for the achieved velocity is significantly
larger by compariscn to Fig. 5, since the lining area of
the non-detonating adjacent elements needs here not be also
accelerated or entrained. While the invention is basically
characterized by the design of the reactive area 11 with
the partial fields 4A, arrangements with accelerated
partial areas 5A (alternatively or in combination with
corresponding partial fields on the rear side of 11) are
very effective in particular against hollow charges, due to
the very rapid acceleration and very high plate velocity.

Fig. 7 shows the interaction of a protective area 4 having
a continuous, full-areal (whole-areal, areal) lining 5 to
be stamped through wvia the detonation of the explosive and
a segmented lining {partial areal 1lining) of the
accelerated, rearward partial areags 9C ag well as another,
extensive partial area 41 (accelerated area; 41A). Fig. 23

describes such an extensive lining in greater detail.



- 42 - 8A Geonetrically configured inner plugging between the
explosive fields 8B Angled / adjusted horizontal (or vertical) inner
pl uggi ng 9Rear, reactively accelerated cover or plate of 4 or 4A 9A
Second rear reactively accelerated plate of 4 or 4A 9B Layer between
9 and 9A 9C Elenent / plate 9 to be reactively accelerated 9D

Accel erated el enent 9C 9E Explosive field with partial area
over |l appi ng the inner pluggings 10 Bulging plate / bul gi ng

conbi nation / bul gi ng arrangenent (conprised of 9, 9A and 9B)

- 33 -

The final velocity cof the stamped out partial area 5D will
be somewhat lower in relation to the example of Fig. &,
since energy extracted from the plate 5 must be applied to
form the area. However, both experience and simulation
calculations have shown that this percentage ig
substantially smaller than the energy required for
accelerating an environment that is also accelerated. The
energy required for stamping out can also be controlled by
selecting a corresponding material for 9C, as well as in a
preliminary fragmentation process, e.g., via linear
embrittlement or mechanical measures, such as milled slots.

By comparison to areal linings, the arrangements described
in Figg. 6 and 7 yield much higher disruptive plate
velocities, and hence correspondingly higher protective
performances. In terms of the velocities of the accelerated
areas, the example shown in Fig. 5 ig rather comparable to
conventional reactive protection arrangements. However, the
used and in particular the detonating explosive mass are
unevenly lower. Nonetheless, arrangements according to the
invention can be used to achieve comparable protective
performances, since the outer area portions that are also
accelerated usually do not interact with the threat.

Fig. 8 shows the schematic sectional view of a protective
area 4 having the reactive layer 11 and geometrically
configured, plugging, lateral separating elements. Shown as
an example is an arrangement according to Figs. 3 and 4
with wedge-shaped webs 82 for the inner plugging of a
continuous front, full-areal lining 5 and a rear bulging
arrangement 10. Any geometric shapes along with a plurality
of materials can be used for 8A; for example, light metal
or plastic aside from steel. The sole critical precondition
is that the detonation does not spread to the adjacent
field(s).



11 Mddle layer / reactive zone / reactive area / reactive area

el ement 11A Front cover / front cover |ayer of 11 11B Rear cover /
rear cover |layer of 11 11C Reactively accelerated elenent 11C 11D
Reactively accelerated el enent 11C 11E Doubl e-reactive | ayer 12
Vel ocity arrow 13 Internedi ate | ayer between 5 and 7 13A Lateral
boundary layer of 7 in conjunction with 8 14 Quter cover |ayer /
vul cani zation | ayer / expl osive cover
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The requirement for inner plugging makes it possible within
certain limits to varyingly configure the effect of the
explosive detonation in both directicons. In the example
shown, a larger explosive effect can be expected against
the threat direction than in the direction of the bulging

sheet arrangement or target.

Configurations of zone 11 not only allow a directional
control of the explosive effect, but can rather also help
to further diminish the explosive to be used or detonated.
This is of interest in particular in conjunction with
thicker explosive layers. Basically, the explosive fields 7

can have line-type, rectangular or even free designs.

Fig. 9 shows a protective area 4 having the reactive layer
11 and geometrically configured, adjusted / inclined
plugging separating elements. Arrangements according to
Figs. 32 and 4A with (horizontal or vertical) plugging webs
8B are depicted.

Figs. 10 to 13 ©present further configurations of
arrangements according to the invention. Fig. 10 shows the
sectional view of two protective areas 4 or 4A having the
reactive layer 11 and transitional layers between the
plugging components and the explosive 7. The upper partial
drawing includes a front, areal transiticnal layer 13
between 5 and 7. This layer 13 can be designed based on the
physical requirements placed on the ghockwave passage
(acoustic impedance) between 7 and 5 or 9. The lower
partial drawing depicts a corresponding inner, lateral

transitional layer 13A between 8 and 7.

Fig. 11 shows the secticnal view of two protection
arrangements 4 and 4A having the reactive layer 11 and
accelerated, partial-areal or full-areal front elements, as
well as a rear lining 9 to be accelerated with a

transitional layer (11B or 17A) between 7 and 9 (upper



15 Retaining strip / fastening elenent / clanping el enent /
non-positive or positive bracket 16 Separating layer / internediate
| ayer between 7A and 7B 16A Reactively accel erated conponent of 4A /
reactively accelerated partial area 17 Internedi ate | ayer between 7
and 16A 18 Di stance between 5 and 5A 19 Frane / outer border of
protective area 4 20 Reactive protective zone with angled individual

fields 4A - 43 - 21 Reactive protective zone conprised of two
paral l el protective elenments corresponding to 20
_35_
partial drawing). The Ilower partial drawing depicts a

double-coverage 17 and 17A of the explogive field. An
intermediate layer 16 can be located between the two
explosive areas 7A and 7B as a geparation or reaction
layer, for example in the sense of an initiation aid for

the two explosive components (see Fig. 25}).

Fig. 12 presents two examples for front partial area
coverages 4A and their attachment / arrangement via what
are here double explosive fields 7, 7A. The partial area
lining 5A is fixed 1in place with a clamping strip /
fastening strip / fastening element in the upper partial
drawing. The 1lower partial drawing shows a comparable
arrangement, but having (for example, adhesively bonded or
vulcanized) partial elements 5A and an outer cover layer
14. 14 can alsc be the wall of a container or housing, or a

carrier element (cf. Fig. 27).

Fig. 13 shows the sectional view of two further examples
with multilayer, reactively accelerated partial area
elements and lateral plugging 8. A partial area lining of
the reactive layer 11 with partial areas 5A and an areal
front cover 5 spaced apart (if necessary also fixed in
place) by means of 8 is carried out in the upper partial
drawing. The lower partial drawing depicts an arrangement
according to Fig. 12, but with shorter inner pluggings 8 so
that 5 or 5A can be pressed onto 7.

As follows from the described geometric properties of
protective areas according to the invention, nearly no
limits are placed on the configuration of these types of
reactive protective areas. The protector can be adjusted to
any surface shape. A protective area can also be configured

with various partial elements.

Figs. 14 and 15 show two reactive protective areas having

differing partial area fields. Fig. 14 presents an example



22 Reactive protective zone with two mrrored protective el enents
corresponding to 20 23 Reactive shutter conprised of elenents 4 or 4A
24 Reactive shutter conprised of different elenents 4 or 4A 25 Front
reactive shutter elenent conprised of elements corresponding to 4A 26
Rear reactive shutter elenent conprised of elenents corresponding to
4A 27 Checkerboard configuration of the areas 4 with explosive fields
4A and inert fields 28 Strip-typearrangenent of expl osi vefi el ds
corresponding to 4 29 Front / threat-side partial cover 30 Reactively
accelerated rear partial area el enent;4 qverl apping the expl osive
field 7)

for the structural design of a protective layer 4 comprised

of explosive-comprising fields 4A with the same or

different structural design, and an outer plugging / an

attachment frame 6.

Fig. 15 presents another example for the structural design
of a protective layer 4 comprised of explosive-comprising
fields 4A differing in size or even differing in structural

design (for example, individually or combined into groups).

In protective areas according to the invention, the object
to be protected basically has placed offshore a reactive
protection arrangement, which is adjusted relative to the
threat direction in the area where it will hit. As already
explained, the angle of this inclination / adjustment
preferably ranges between 30° and 45°. However, depending
on field size, it can be designed between 20° and 70°. The
angle or range of angles to be selected is derived from the
velocities to be expected for the accelerated elements and
the area of the object to be protected that is to be

covered by an area element.

This reactive protection arrangement can extend as an even
structure over the entire target surface, for example in
the form of the protective area depicted in Figs. 14 and
15, or be composed of several individual protective areas

4. Figs. 16 to 20 present examples for this.

For example, Fig. 16 presents an example for the structural
design of an arrangement of a reactive protective area /
protective plane according to the invention by means of an
area comprised of reactive elements 4. Involved here is a
single-areal structural design 20 comprised of angled

partial elements 4.

Fig. 17 presents an example corresponding to Fig. 16, but
with parallel, reactive protective areas 21. A plurality of



31 Quter cover / cover film 32 Separating plate / carrier plate 33
Areal initiation aid 34 Mechanical initiation aid 35Local / pill-like
initiation aid 36 Layer between 7 and 10 37 Protective zone accordi ng
to the invention with (in this case three) explosive-lined strip

el ements 37A Second reactive elenent turned by 90 relative to 37 38
O fshore sheet / front housing wall / offshore target 39 Protective
el ement positioned in front of 1 / rear housing wall
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other arrangements and combinations of such partial areasz 4
is conceivable, which permit an optimal adjustment to the
object to be protected. For example, Fig. 18 presents
another example for the structural design and arrangement
of a reactive protective area, comprised of a double-layer
structure of mirror-inverted, reactive protective areas 22

(e.g., corresponding to Fig. 16).

In Fig. 19, the protective area / protective plane /
protective zone having the individual reactive protective
components 4 exhibits a shutter-like structural design 23.
Az a congequence, the target area can be completely covered
without inert weak points, as illustrated by the two arrows
symbolizing the incident threat (cf. alsoc Fig. 20).

Fig. 20 depicts two further examples. Involved here are
protective  structures  having shutter-like, of fshore,
reactive protective areas 24, comprised of the reactive
protective areas 4 in combination with the alsc reactive
areas 25 and/or 26 for achieving a reliable degree of
coverage, and hence a reliable absorption of power
independently of where the threat hits. The partial areas
4, 25 and 26 are spaced more apart from each other in the
upper partial drawing, while the partial areas 4, 25 and 26
together form a combined protective structure in the lower

partial drawing.

One special advantage to the reactive partial areas is that
they can be optimally combined in multilayer arrangements.
This also enables the use of reactive protective areas with
a particularly low explosive content or low explosive
coverage. For example, Fig. 21 shows a schematic view of a
protection arrangement with two protective layers 4 having
explosive-comprising fields 4A and inert / explosive-free
fields 4B in a checkerboard, wmutually enhancing /

overlapping coverage 27. 1In this way, the area is



39A Shutter-1like deflection |ayer / shock-reducing | ayer 40 Layer 41
Second, rear reactively accelerated (overlapping) partial area WO
2012/ 019677 Al CLAIMS 1. A reactive protection arrangenent for
protecting stationary or nobile objects (1) against threats (3) posed
by hol | ow charges, projectile-form ng charges or kinetic energy
penetrators, which is or can be secured at a distance to the side of
the object (1) to be protected that faces the threat (3), conprising
at | east one protective area (4) arranged at an inclination
angle(2)relative to the threat directipn, wherein said protective
area (4) conprises a front cover (5) that faces the threat (3), a
rear cover eF% that faces fromthe threat (3 nd IS spaced
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Since the reactively covered partial fields 42 of the
present invention can be extremely small in comparison to
conventional reactive armor, edge hits or edge-proximate
hits become increasingly important. Depending on the range
of application, it is thus advantageous to also adapt the
configuration of the sheets or areas to be accelerated to
edge-proximate hits or even to hits in the edge area. This
is especially easy to accomplish, since both accelerated
components with the size of individual fields as well as
linings with a larger area can be used. However, the latter
must be dimensioned in such a way as not to significantly
diminish the wvelocity.

Fig. 23 presents two examples for the structural design of
a reactive protective area 4 having reactive area elements
4A with overlapping coverings for the resgpective explosive
fields. The upper partial drawing depicts a double-layer,
overlapping front plugging by means of accelerated partial
areas 29 and full-areal lining 5. The lower partial drawing
involves a double-layer, overlapping front plugging by
means of accelerated partial areas 30 and a front cover
layer / wvulcanization layer 31, as well as a rear area 9E
that clearly projects over the field 4A.

Fig. 24 shows further characterizing examples for the
configuration of arrangements agcording to the invention.
It depicts the schematic sectional view of two examples for

the structural design of a reactive protector 4 having a



3. The protection arrangenent according to claim1l or 2,
characterized in that said rear cover (9, 10)conprises a bul ging
arrangenent (10). 4. The protection arrangenent according to anyone
of the preceding clains, characterized in that said at |east one
reactive mddle |ayer (11) is provided with a cover layer (11A 11B)
on one or both sides. 5. The protection arrangenent according to
anyone of the preceding clains, characterized in that said reactive
partial areas (4A) of said at |east one reactive mddle |ayer (11)
conprise at least two plies of explosiye fields (7A, 7B) plugged
| aterally on all sides.
double-reactive protective layer (marked 11E similarly to
11) and an inner separating layer 32 that is relatively
thick in comparison to a pure separating layer (see Fig.
11) (upper partial drawing) or an especially thick
separating layer 32 (lower partial drawing) and double-
layered / multilayered front and rear plugging by means of
partial-area elements to be accelerated 5A and 30, which

both project over the area of the explosive 7.

Such massive components between the explosive areas 7 and
78 serve to even further improve the explosive plugging.
This 1is because wmassive borders plug the detonating
explosive more efficiently than the inherent plugging of
the explosive itself. Such arrangements enable the
realization of very thin explosive fields measuring on the
order of about 1.5 to 3 mm, wherein a reliable through-
initiation still takes place.

For reasons specific to application and to ensure the
safest possible handling, it is advantageous to use slow
explosives. However, their initiation by the incident
threat must be assured. The initiation can be supported by
means of wvarious alds depicted in Fig. 25, for example.
Three examples for initiation aids are shown. In the upper
partial drawing, an initiation-supporting pyrotechnic layer
33 1is provided between 5 and 7. In the wmiddle partial
drawing, the initiation-supporting device consists of a
mechanical arrangement 34 between 5 and 7. In the lower
partial drawing, the initiation-supporting element (e.g.,
the squib) 35 is embedded in the explosive 7. However, such
initiation elements can also be integrated into 5, or be
located in a special, autonomous intermediate layer. To
improve handling safety, £for example, the initiation
elements can be modular in desgign, i.e., addable and
removable. These examples also show a layer 36 that

transmits shockwaves or even diminishes (scatters) the



6. The protection arrangenent according to claimb5, characterized in
that an internediate |ayer (16) is arranged between said expl osive
fields (7A, 7B) of two plies of said reactive partial areas (4A). 7.
The protection arrangenent according to anyone of the preceding
clainms, characterized in that about 50%to about 100% of the area of
said at | east one protective area (4) is |lined wth plugged reactive
partial areas (4A). 8. The protection arrangenent according to anyone
of the preceding clains, characterized in that said inclination angle
(2) between said at |east one protectjye area (4) and the threat
direction ranges fromabout 30 to about 70. 9. The protection

arrangenent accordi ng to _anyone of the preceding clains,
detonation~ effect, which 1s spaced™ apart £from the

explosive, as opposed to the example depicted on Fig. 4C.

Fig. 26 presents a structure comprised of two reactive
areas A and B offset by 90°, with strip-type, single-laver
coverages. The fields for accommodating the explosive are
here milled completely or partially into the plates. Let it
be noted at this point that the explosive fields need not
have a square configuraticn, but can instead exhibit any
contour desired. It must only be ensured that a large
enough partial area is accelerated by the corresponding

explogive field.

In describing the invention, examples have thus far been
shown for arrangements whose design does not take into
account the carrying elements, fastening elements and
additional components, for example the housing or other
walls. However, it may be advantageous relative the system
as a whole for such elements to contribute to the overall

protective effect.

Fig. 27 shows three examples for protective structures
having differently positioned, additional protective
layers, walls or containers. The upper partial drawing
depicts an upstream layer 38 spaced apart in relation to
the reactive protective zone. The middle partial drawing
depicts the same structural design as above, but with an
additional layer 39 between the reactive protective zone
and the target 1. Such a device between the reactive area 4
and target surface can help impart more lateral forces to
the disrupted jet of a hollow charge as it penetrates
through the plate 39, thereby deflecting it to the gide
even more efficiently. For example, this makes it possible
to shorten the distance S between the reactive zone and the
target at the same protective performance. The lower
partial drawing depicts a further possgible configuration
with a shallowest possible target depth. It shows a double-



characterized

in that 3 - a protective thickness of an expl osive

field (7, 7A, 7B) in the threat direction ranges fromabout 10 mmto
about 14 mm 10. The protection arrangenent according to anyone of
the preceding clains, characterized in that an internedi ate | ayer

is arranged between said reactive mddle |layer (11) and said
rear cover (9, 10). 11. The protection arrangenent according to
anyone of the preceding clains, characterized in that said plugging
separating layers (8) of said at | east one reactive mddle |ayer (11)
conpri se geonetrically fornmed or incljned separating el enents (8A,

(36)

8B).

layer arrangement with the components 39 and 40 between the

reactive plane 4 and the target 1. The final ballistic

properties of the plate 40 can be estimated baged on

already existing results £for inert targets against the

various threats, whereupon the plate 40 can be configured

accordingly.

REFERENCE LIST

4A

4B

5A

5B

5C

5D
5E

TA

7B

Object to be protected / target

Angle between the threat direction and reactive
protection arrangement

Threat / threat direction

Protection arrangement / protective area comprised of
individual fields 4A

Reactive protective field / reactive partial field /
reactive partial area

Inert partial area

Front cover / protective plate / carrier plate or
front, reactively accelerated plate on the threat side
Front partial area lining (corresponding to 5)
Reactively accelerated plate 5

Reactively accelerated plate 5A

Partial area of 5 stamped out by the detonation
Reactively accelerated partial area that partially
overlaps (the web 8)

Outer plugging / edge layer / outer border of 4 or 4A
Explosive field / pyrotechnic element / pyrotechnic
zone

Front explosive field / front pyrotechnic element (in
the case of double configuration)

Rear explosive field /rear pyrotechnic element (in the
case of double configuration)

Inner plugging between the explogive fields /
separating layer



12. The protection arrangenent according to anyone of the preceding
clainms, characterized in that a boundary |ayer (13) is at |east
partially arranged between one reactive partial area (4A) and one
separating layer (8) that laterally plugs the latter in order to
i nfluence the boundary |ayer reflections. 13. The protection
arrangenment according to anyone of the preceding clains,
characterized in that said reactive partial areas (4A) of said at
| east one protective area (4) have an essentially checkerboard or
strip-type arrangenent. 14. The protegfion arrangenent according to
anyone of claims 1 to 13, characterized in that 4
8A Geometrically configured inner plugging between the
explosive fields
8B Angled / adjusted horizontal (or wvertical) inner
plugging
9 Rear, reactively accelerated cover or plate of 4 or 4A
9A Second rear reactively accelerated plate of 4 or 4A
9B Layer between 9 and 9A
aC Element / plate 9 to be reactively accelerated
9D Accelerated element 9C
9E Explosive field with partial area overlapping the
inner pluggings
10 Bulging plate / Dbulging combination / bulging
arrangement (comprised of 2, 2A and 9B)
11 Middle layer / reactive =zone [/ reactive area /
reactive area element
11A Front cover / front cover layer of 11
11B Rear cover / rear cover layer of 11
11C Reactively accelerated element 11C
11D Reactively accelerated element 11C
11E Dcouble-reactive layer
12 Velocity arrow
13 Intermediate layer between 5 and 7
13A Lateral boundary layer of 7 in conjunction with 8
14 Outer cover layer / vulcanization layer / explogive
cover
15 Retaining strip / fastening element / clamping element
/ non-positive or positive bracket
16 Separating layer / intermediate layer between 7A and
7B
16A Reactively accelerated component of 4A / reactively
accelerated partial area
17 Intermediate layer between 7 and 16A
18 Distance between 5 and S5A
19 Frame / outer border of protective area 4
20 Reactive protective zone with angled individual fields
4A



the protection arrangenent conprises at |east two protective areas
(4) arranged one behind the other in the threat direction, each
havi ng strip-type reactive partial areas (4A), wherein the strips of
the reactive partial areas of a rear protective areaarea are offset
relative to the strips of the reactive partial areas of a front
protective area. 15. The protection arrangenent according to anyone
of clainse 1 to 13, characterized in that the protection arrangenent
conprises at |least two protective areas (4) arranged one behind the
other in the threat direction, each_hgyving checkerboard reactive
partial areas (4A), wherein the reactive partial areas of a rear
protective area_are essentially offset relative to the reactive
partial are4s of{e%"tf”rvc?ntPﬁ?%efcgétvﬁvez%reea@%ls?ﬂe Yr ot Bt PgRallel
arrangenent accbrdisnfive anyoemtofcorhesprmtiedi hg 2¢ ai ns,

characterized i Redb@tved gdeat ity nPratectiv¥endfasd ProtsctiFanged
inthe formof a shutter. 1 Th gtge%#l on arrangenent according to
t

1. pr
anyone of the p%%%eltnsg C@Fﬁ?%%?m%lﬁlgr ized in that a plurality of

prot ecti ve %r eaBegd)ivies shpE hegetbmpr iand avfyled epehbs | ¥ ©t dReach ot her.

24 Reactive shutter comprised of different elements 4 or
43

25 Front reactive shutter element comprised of elements
corresponding to 424

26 Rear reactive shutter element comprised of elements
corresponding to 4A

27 Checkerboard configuration of the areas 4 with
explogive fields 4A and inert fields

28 Strip-type arrangement of explosive fields
corresponding to 4

29 Front / threat-side partial cover

30 Reactively accelerated rear partial area element
{overlapping the explesive field 7)

31 Outer cover / cover film

32 Separating plate / carrier plate

33 Areal initiation aid

34 Mechanical initiation aid

35 Local / pill-like initiation aid

36 Layer between 7 and 10

37 Protective zone according te the invention with (in
this case three) explosive-lined strip elements

37A Second reactive element turned by 90° relative to 37

38 Offshore sheet / front housing wall / offshore target

39 Protective element posgitioned in front of 1 / rear
housing wall

39A Shutter-like deflection layer / shock-reducing layer

40 Layer

41 Second, <rear reactively accelerated (overlapping)
partial area



18. The protection arrangenent according to anyone of the preceding
clainms, characterized in that an additional |ayer (39, 40) for
disrupting a (residual) threat (3) penetrating through said at -5

| east one protective area (4) is arranged between said at | east one
protective area (4) and the object (1) to be protected, with or

w thout a gap relative to the object (1) to be protected and/or said
at | east one protective area (4). 19. The protection arrangenent
according to anyone of the preceding clainms, characterized in that
said at | eass -0ne/preiectpve area (4) is novably arranged. 20. The
protection arrangenent according to anyone of the preceding clains,

CLATMS

1. A reactive protection arrangement for protecting
stationary or mobile objects (1) against threats ({(3)
posed by hollow chaxges, projectile-forming charges or
kinetic energy penetratorsg, which is or can be secured

at a distance to the side of the object (1) to be

protected that faces the threat (3), comprising at
least one protective area {(4) arranged at an
inclination angle (2} relative to the threat

direction, wherein said protective area (4) comprises
a front cover (5} that faces the threat (3), a rear
cover (9, 10) that faces away from the threat (3) and
is spaced apart from said front cover (5), ag well as
at least one fixed or movable reactive middle layer
{11) between said front cover (5} and said rear cover
(9, 10), wherein sgaid at least one reactive middle
layer (11} comprises at least twe reactive partial
areas (4A) each having at least one explogive field
(7), and wherein said reactive partial areas (44) of
said at least one reactive middle layer (11} are

plugged on all sides.

2. The protection arrangement according to claim 1,
characterized in that
said reactive partial areas (4A4) of said at least cne
reactive middle layer (11) are laterally plugged by

means of separating layers (8).

3. The protection arrangement according to claim 1 or 2,
characterized in that
said rear cover {9, 10) comprises a bulging

arrangement (10).

4. The protection arrangement according to anyone of the
preceding claims,

characterized in that



characterized in that said reactive partial areas (4A) of said at
| east one mddle |ayer (11) are replaceable. 21. The protection
arrangenent according to anyone of the preceding clains,
characterized in that said reactive partial areas (4A) of said at
| east one mddle |ayer (11) are rotatable or have an adjustable
I nclination. 22. The protection arrangenment according to anyone of
the preceding clains, characterized in that said reactive partia
areas (4A) and/or said explosive fields (7) are pyrotechnically
interlinked. 23. The protection arrangeoent according to anyone of
the preceding clains, characterized in that
said at least one reactive middle layer (11) is
provided with a cover layer (11A, 11B) on one or both

sides.

5. The protection arrangement according to anyone of the
preceding claims,
characterized in that
said reactive partial areas (4A) of said at least one
reactive middle layer (11) comprise at least two plies
of explosive fields (7A, 7B) plugged laterally on all
sides.

6. The protection arrangement according to claim 5,
characterized in that
an intermediate layer (16) is arranged between said
explogive fields (74, 7B) of two pliez of gaid
reactive partial areas (4A).

7. The protection arrangement according to anyone of the
preceding claims,
characterized in that
about 50% to about 100% of the area of said at least
one protective area (4) is lined with plugged reactive
partial areas (4A4).

8. The protection arrangement according to anyone of the
preceding claims,
characterized in that
saild inclination angle (2) between gaid at least one
protective area (4) and the threat direction ranges
from about 30° to about 70°.

9. The protection arrangement according to anyone of the
preceding claims,
characterized in that



said at | east one protective area (4) conprises a shell or a housing.
24. The protection arrangenent preceding clains, characterized in
that according to anyone of the saidexpl osivefields pyrotechnic or
mechani ca

a protective thickness of an explosive f£ield (7, 74,
7B) in the threat direction ranges from about 10 mm to

about 14 mm.

10. The protection arrangement according to anyone of the
preceding claims,
characterized in that
an intermediate layer (36) is arranged between said
reactive middle layer (11) and =zaid rear cover ({9,
i0}.

11. The protection arrangement according to anyone of the
preceding c¢laims,
characterized in that
sald plugging separating layers (8) of said at least
one reactive middle layer (11) comprise geometrically

formed or inclined separating elements (8A, 8B).

12. The protection arrangement according to anyone of the
preceding claims,
characterized in that
a boundary layer (13) 1is at least partially arranged
between one reactive ©partial area (4A) and one
separating layer {8) that laterally plugs the latter

in order to influence the boundary layer reflections.

13. The protection arrangement according to anyone of the
preceding claims,
characterized in that
said reactive partial areas (4A) of =zaid at least one
protective area (4) have an essentially checkerboard

or strip-type arrangement.

14. The protection arrangement according to anyvone of
claims 1 to 13,

characterized in that



(7)areprovided initiation aid. with a 25 The protection arrangenent
according to anyone of the

the protection arrangement comprises at least two
protective areas (4) arranged ocne behind the other in
the threat direction, each having strip-type reactive
partial areas (42), wherein the strips of the reactive
partial areas of a rear protective areaarea are offset
relative to the strips of the reactive partial areas

of a front protective area.

15. The protection arrangement according to anyone of
claims 1 to 13,
characterized in that
the protection arrangement comprises at least two
protective areas (4) arranged one behind the other in
the threat direction, each  having checkerboard
reactive partial areas (434), wherein the reactive
partial areas of a rear protective area are
essentially offset relative to the reactive partial

areas of a front protective area.

16. The protection arrangement according to anyone of the
preceding claims,
charactexrized in that
a plurality of protective areas (4) is arranged in the

form of a shutter.

17. The protection arrangement according to anyone of the
preceding claims,
characterized in that
a plurality of protective areas (4) is arranged at an

angle relative to each other.

18. The protection arrangement according to anyone of the
preceding claims,
characterized in that
an additional layer {39, 40) for disrupting a
{residual) threat (3) penetrating through said at



precedi ng clains, characterized in that the sides of said front
and/or rear cover (5, 9, 10) facing said at |east one reactive mddle
| ayer (11) have been at |east partially subjected to thermal and/or
mechani cal treatnment. 26. The protection arrangenent according to
anyone of the preceding clainms, characterized in that said front
cover (5) essentially consists of a material that, in light of its

t hi ckness and/or its nmechanical properties during the detonation of

t he expl osive, is stanped out essentially corresponding to the size
of said reactive partial area (4A). 2%. _-The protection arrangenent
according to anyone of the preceding clains, characterized in that

said at | east one otective area %ﬁ forps, a nodul ar unit. 28. The

protection arraﬂ@%g‘r%n?neac%(?}:aﬁjgv% Qgﬁygﬁgsjosr ?ﬁ@ng?écﬁwﬁﬁ%ﬁ%&%,
at least one protective area (4) and the object (1) to
be protected, with or without a gap relative to the
object (1) to be protected and/or said at least one

protective area (4).

19. The protection arrangement according to anyone of the
preceding claims,
characterized in that
said at least one protective area (4) is movably

arranged.

20. The protection arrangement according to anyone of the
preceding claims,
characterized in that
said reactive partial areas {(4A) of said at least one
middle layer (11) are replaceable.

21. The protection arrangement according to anyone of the
preceding claims,
characterized in that
said reactive partial areas (4A) of said at least one
middle layer (11) are rotatable or have an adjustable

inclination.

22. The protection arrangement according to anyone cf the
preceding claims,
characterized in that
said reactive partial areas (4A) and/or said explosive
tields (7) are pyrotechnically interlinked.

23. The protection arrangement according to anyone of the
preceding claims,
characterized in that
sald at least one protective area (4) comprises a

shell or a housing.



characterized in that the front side and/or the rear side of said at
| east one protective area (4) conprises a cover layer (31). 29. The
protection arrangenent according to anyone of the preceding clains,

-7 - characterized in that said front and/or said rear cover (5, 9,

10) are joined with said at | east one reactive mddle |layer (11) by
means of a screw connection, adhesive bond and/or vul cani zati on.

24. The protection arrangement according to anyone of the
preceding claims,
characterized in that
said explesive fields (7) are provided with a

pyrotechnic or mechanical initiation aid.

25. The protection arrangement according toc anyone of the
preceding claims,
characterized in that
the sides of said front and/or rear cover (5, 9, 10)
facing said at least one reactive middle layer (11)
have been at least partially subjected to thermal

and/or mechanical treatment.

26. The protection arrangement according to anyone of the
preceding c¢laims,
characterized in that
said front cover (5) essentially consists of a
material that, in light of its thickness and/or its
mechanical properties during the detonation of the
explosive, is stamped out essentially corresponding to

the size of said reactive partial area (4A4).

27. The protection arrangement according to anyone of the
preceding claimg,
characterized in that
said at least one protective area (4) forms a modular

unit.

28. The protection arrangement according to anyone of the
preceding claims,
characterized in that
the front side and/or the rear side of said at least

one protective area (4) comprises a cover layer (31).

29. The protection arrangement according to anyone of the

preceding claims,



characterized in that

sald <front and/or said rear cover (5, 9, 10) are
joined with said at least one reactive middle layer
(11) by means of a screw connection, adhesive bond

and/or vulcanization.



