1 Method for the production of a protection device The present invention relates to a method for the
production of a protection device for Sprotecting against slaps, stabs, cuts, ballistic and compression
wave influences, a protec- tion device produced by this method and uses of the protection device. The
protection device may be used for the protection of buildings, persons, in particular passengers of
vehicles, and other objects which may be exposed to the danger of damaging influences. In prior art
protection devices having a multilayer construction which contain within re- 10spective layers a

plurality of individual tiles a ?ﬂ e design of sucr{) rote n devrces with a plurality of tiles
provides the advantage thatﬁgﬁil"r"(ﬁ[:rf §|8" 'n%tf?ﬁe %JF';? 3elitely ?unc?on is lost due to the
destruction of one board, but further tiles are present for the protection of the respective object. Such a
protection device is, for example, disclosed in WO 01/85443 Al. 15Such protection devices consisting

of a plurality of tiles in comparison to protection de- vices built from large boards have the
disadvantapestpaishe tilesniianedmiee asaembiod fonthaftevthetathef dprictg cidabieiesfproduction
method and that.the [ n g i airggke‘ ggmgn@g% |%ﬂ5§gc%épg Mg In
addrtrogn th%rcz)atgﬁt"gv%% %ﬁggﬁlch %gsfgilg et e@gpgnassem led in prior art have to fulfil hlé:h

demands. Reydfyife pogitss jeyysretiedapsiuremef sprrsptesinnrie et ddoR e G in prior art.

Thus, meaguifs haxere hetple? e gruveabrier BYmIMYS, ﬁ@esga@smpmeamrrpeﬁeg@rﬂes which are
filled with adhesive. Such protecti evjces are, for exa scribe DE 90 O 087 Ul. US
2009/0320%% qsdggé’r%l-h% %p\gb ‘%ﬁ prac}‘[éctro evﬁ@eg ﬁriw |&9?racr%sd;?areﬂtn Hes 5 Creesbonded

together with a transparent polymer material with adjusted refractive index and are laminated onto a

transparentrsBppoRTirRIAveien deviers Nayig HELYATI RS EUSHAR B HERE TN BE faminated onto
each fgher spdgied ﬂhgféeseéigﬁﬁanwm iftasiavaichesrarpamndiThatsijrect xposyettatemo not overlap
from Iayert I ayer. In ad roductio tho IS ab ro s, pecause s S tiles have to
be prepare % grafer]y d‘%a?/@ % er’)'(‘%%%néae to ‘é"’lﬂ W tt'Pr aﬁ%&ﬁﬁé ?md?%%t A'Bgl(ﬁ

total protection functron is lost due to the destructlon of one board, but further tiles are

present for the protection of the respective object. Such a protection device is, for exam-

ple, disclosed in WO 01/85443 A1.

15 Such protection devices consisting of a plurality of tiles in comparison to protection de-
vices built from large boards have the disadvantage that the tiles have to be assembiled
one after the other during a laborious production method and that the production and
handiing of many single components is also expensive. In addition, the adhesives with
which the single tiles are assembied in prior art have to fulfil high demands. Regularly,

20 these joints are the most vulnerable sites of the protection devices in prior art. Thus,
measures have to be taken to protect, for example, the gaps between the single tiles
which are filled with adhesive. Such protection devices are, for example, described in DE
90 06 087 U1.

US 2009/0320675 A1 describes a transparent protection device in which transparent tiles
25  are bonded together with a transparent polymer material with adjusted refractive index

and are laminated onto a transparent supporting board. Several layers of tiles which are

bonded together may be laminated onto each other, wherein the edges of the tiles which

are perpendicular to the exposure face do not overlap from layer to layer. In addition, the

production method is laborious, because small singie tiles have to be prepared separately
30 and have to be bonded together with an adhesive.



2 It is in common for protection devices according to prior art that normally very small tiles have to be
individually prefabricated and assembled in a mosaic manner. Thereafter the tiles are bonded together
in a dense packed manner, optionally with a carrier,and subsequently remaining gaps are filled with
jointing compound. An exact contour accuracy of 5the tiles has to be ensured in each case. It is
therefore tirgsahjesindidheopiastattitty aslivedaduardidg @ prishac foatherpraiuatiyrsmlptdésction

devices and pratection devices based .on.this metho ich ide thelr prtectin dunction in the
case of serbgtea '}%t%see{ﬂag\'fv ulgﬁlyrfer\éegr?ﬂeﬁeté% %QEI]‘I %ﬁpow&%%? ?ggg@#e%%velyf This object is solved by

the subjectileaaes benHedseesibeldintstame praRd MANMR dhtepAl s ¥R FHTHSRMARYPSEThe
production QdMRIeEHRAM MR \ieRS Whisheonprispaib e siaroharavidngeddagackageadiroviding a tile
package comprises the steps of laminating at least one board of a tile material onto a polymer foil,
scoring the BolRF SATAS WRRHE '%egﬁB%ﬁ?S‘to the polymer foil and 15 fracturing the board along
the scoring lines for achieving a plurality of tiles which are fixed on the polymer foil. Then, the thus

obtained tilk ipdoreadere e bigstehintoerssrAtimvARIAR YR R aYidgranethes ethedrrad tifreior

protection gl@paeitnlBdiaaipled Bretbutibeabwes suscavarthichnaewisualisosediiidtagiroduction
of protection devices, in particular cover layers/coyer 20boards, intermediate layer -segmented
boards and?BFBHITYERLD %Fear‘c’a%%J %%ﬁggﬁrﬁ%ﬁ sgqu%'ﬁ%hn e\llf/eétrréegerse dgggcrfzgsﬁjag%év. Preferably,
exactly onebsteaticistilaatyirEhisdopiachisipaieeddiy, hecalpircirmaticcabthe oA &rrangement of
several boards on the polymer foil is necessary. Before the lamination procedure the board can easily

be cuido the dasiresheimensies: iSeoNed Hiealhbpaiicambpreandtictest pefrgion aédc#se lamination
procedure. Through the fracturing of.the board qf the tile material alon ine ring lines
several prié’?ﬂéc Sr}’?\?ﬁtﬁlﬁ S‘ngrosgsrgvégriggsaa\'/ﬁi a(g(raegﬁéef%ﬁﬁ%e%%%ggegg%h%%ﬁfgﬁ%e polymer

foil, are obtdiaetepsies). Preferably, the fracturing occurs by tensile load of

« laminating at least one board of a tile material onto a polymer foil,
« scoring the board on the side which is opposite to the polymer foil and

15 « fracturing the board along the scoring lines for achieving a plurality of tiles which

are fixed on the polymer foil.

Then, the thus obtained tile package can be assembled with further layers to a protection
device, e.g. an armor protection element. In principle, the further layers are layers which
are usually used in the production of protection devices, in particular cover layers/cover

20  boards, intermediate layers, non-segmented boards and/or backing layers. Preferable
embodiments of such layers are described below.

Preferably, exactly one board is laminated per polymer foil, because in this case no

laborious arrangement of several boards on the polymer foil is necessary. Before the

jamination procedure the board can easily be cut to the desired dimension. Scoring the
25  board can be conducted before or after the lamination procedure.

Through the fracturing of the board of the tile material along the obtained scoring lines

several prisms having multianguiar base areas which are free, but are connected through

the polymer foil, are obtained (tiles). Preferably, the fracturing occurs by tensile load of
30 the scoring lines. The tiles continue to strongly adhere at the polymer foil. The scoring



30the scoring lines. The tiles continue to strongly adhere at the polymer foil. The scoring 3 and
fracturing procedures are preferably conducted in an optimized manner to avoid development of
spells. Obtained are tile packages comprising singl§ tiles which are bounded to each other through the
polymer foil, wherein the gaps between adjacent tiles, which means gaps at which adjacent tiles

ﬁdjqénf' repfmh &é@a@ﬂ@ﬁ@ﬁ@%ﬁ%@ﬁ%@@wg 5bgmh@dféwf ﬁﬁ')aﬁfcﬁ)@:mhﬂmaff@@ﬂlﬂd e 'wga?. Tc:]e ;
exibility of the polymer foil allows on the one hand the fracturing of the r tensile load and on
the other hgﬁ‘be{%%%ﬂg %E%R%“f)‘r\g%t@fb%deoa&i@g 8885?8%%&%“? 3%}85%” Flér?t\?grslt‘l"(%{él?r]] Y&ible materials
such as butietpredtvesth @ipidhedlyghiibefrmumardal wechoarhésosipmetdas) wdasgibliles of a
steep tempgratkres Jtine Sradiph ol ERHIBNRJRIRAESHIZEIN e RARR &R MRisTidRIAe board,

which has a coefficient of thermal expansion in the temperature range of 30 to 300 C of higher than 5
ppm/k® Pré@RIBRESH 'R 6PRG 8P iRCHERRISE8R onducted by the use of cutting means which score the

material, such as in particular with the help of a laser and/or a cutting wheel. In this 15 case, preferably
with a miniferiexibihe pbthewns prmasdinaitavwiuendbe onecyanst thelfgehsiageotiaedepard tis case,

according t fagREBREIHdBYARMIHEEHANO M G QeomRiiF SmsRER REBTBEERRiAg 96 iateral triangles

b. trapezia 20c. regular hexagons and equilateral triangles d. reﬁular pentagons and isosceles and
ordinary triffEat '“‘ﬁfgﬂ?%%fﬁ’iﬁéeﬂﬁ}?ﬁ'@'ﬁs%ﬂcﬂ?c? WLRRIMEETRe fracturing of all scoring lines is

guaranteed. Preferably, the boards are scored such that the tiles have equally sized base areas 25and
that preferdpyieratiyutie fragossbl thedpanbicohisiseshbydbenexaesdier asteeriganami4itocedure

leads g the;REogHition of SREHS ransieROb4RIHANING e saswans isRiake tibhe BRARMGkRILN
subsequently. - . o :
has a coefficient of thermal expansion in the temperature range of 30 to 300 °C of higher

than 5 ppm/K.

Preferably, the scoring of the board is conducted by the use of cutting means which score

the material, such as in particular with the help of a laser and/or a cutting wheel. In this
15  case, preferably with a minimum number of cuts a maximum number of regular polygons

are traced. In this case, according to the present invention the following geometric forms

are preferred:
a. equilateral triangles
b. trapezia
20 c. regular hexagons and equilateral triangles

d. regular pentagons and isosceles and ordinary triangles.

Preferably, the scoring is conducted such that the fracturing of all scoring lines is guaran-
teed. Preferably, the boards are scored such that the tiles have equally sized base areas
25  and that preferably as much as possible tiles have consistent geometric forms.

If the fracturing procedure leads to the production of spalls, a step of removing these
spalls is preferably conducted subsequently.

Preferably, the method according to the present invention further comprises the step of
laying at least two tile packages on top of each other and that of the subsequent lamina-



4 tion. In this step optionally a fiber material component may be added between the polymer layers,
wherein with "polymer layers" the layers which consist of polymers, such as for example polymer foil
and intermediate layer, are meant. The individual tile packages are laid on top of each other in such a
manner that the intersection points of the gaps of 5different tile packages do not lay on top of each

other. Prefggably, tA% iaepomessibiathsstiesetihiesmpdiertackpoe stssddbpreéeiably poer the gaps
between the tiles of the other tile package completely. Optionally, a st f fitti
r?ﬁYS{gl Wgﬁl{gln Wlﬁ'l B?EMH‘%F]C& erg q}" Xagepsd&v&iggbonsgpo? OQIX/

] RS (s ghtained
laminate inf&-a oram casing may be con subsequently. Preferably, the

polymer follcoexamhieipelieer thispdriniateediate andoiaiesaedrie e didivobial Hledragraemore

preferably 93 {Qid o TR oflditipstiaatipsuehthenaRhERaiataihe R FEschORKsbists @R hictRp b
temperatures and pressures which allow the board to strong%ggheri}’to thfe ’polymer.é%ij( at the same
i )

time to’avoti SIRILLEIRGBRIGHIRARLENATIPRA BRSA AR dIEESIAoY 1P e SRR i Dreferred
polymers ofiidseoptitg\ong thepactdgpahthdédnoirstity pokartthgapsetnasnibie dse tbiiene
vinylacetatggpa AIER AL diBRIprenlEcRls LS IPLRRIAIAHLBHAD hiaRaI aiRhaw ey er satety

glass, are preferably processed in the temperature ran?e of 75 to 200 C and at preferable pressures
which are R¢RERHRTSALRNEIHRNING 813y RF LOMHCIFuRSERHEAY heating and cooling rates are in
a range of 1 to 20 Kimin and the exposure times at maximum temperatures are in the range of 1 to
300 min. 2@Grefenalcip|thetipelproxtdetiontofvehtinapasite mdsortlisigdditiseapresmeasmobhgiyreetomprising

tiles which gre fixed apnpRlyrsrLak4l packpoeshandrAtiienalsHehiRe poRmeomPokesitheards of

brittle fragile materials, fiber materials, fiber composite materials, metals and other polymers, is

conducted BPRIGHSIFONAHFREBLERHSHRINS SNCHPIRSTHEER MBI ALY R RRAIH P FEPBBIYmer foil onto
the board. 26Rsesacatbly pinampiohedtisttidesices thagecadlemstiyaiairey siithsespestwiebhatréeast one
and preferahly exactly [ C | ' C i j foill.and
wherein thepqt}?gis aé}cﬁo%r?%%ﬁééa%sép glhelcjsa% hﬁggﬁﬁ%} %%ﬂﬁ%%ﬁ %%%sil, Wﬁere@\f}aﬁgﬁ t%(? iﬁ%ﬁection

points of ththgapePEItigcPIE g BaRatEPErasSoMpbIREN YRR yBY IdneiatlesyRet YRR S e respectively
followig tilexaAekadgsdiisdieaite hakiig snter1aAisaetion paysraliae gris odeasbiblagckage are
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are higher than ambient pressure of 3 to 15 bar. Preferably, the heating and cooling rates
are in a range of 1 to 20 K/min and the exposure times at maximum temperatures are in

the range of 1 to 300 min.

20  In principle, the production of a composite according to the present invention, comprising
tites which are fixed on polymer foil (tile packages) and additional such or non-segmented
boards of brittle fragile materials, fiber materials, fiber composite materials, metais and
other polymers, is conducted under similar process conditions such as the procedure of

laminating the polymer foil onto the board.

25  Preferably, the protection devices have at least two layers with respectively at least one
and preferably exactly one tile package, wherein the tile package comprises tiles and a
foil and wherein the tiles adjoin at gaps and are mounted together on a foil, wherein
further the intersection points of the gaps of each tile package are oppositely arranged
with respect to tiies of the respectively following tile package. This means that the inter-

30  section points of the gaps of each tile package are not arranged above the intersection
points or gaps of a following tile package, but above the surface areas of the following
tiles.



5 In this case, the intersection point of gaps is a site within the tile package at which at least two gaps
meet each other, so that at least three tiles adjoin at this site, separated by the respective intersection
point. Thus, the tile packages are preferably arranged such that the gaps of each tile package 5do not
substantially continue in the following tile package which is directly arranged thereunder, but that

rather the gapsiPEiae, Ipweasttiledeaskaamere gapiny serererHiy thetidasaekioe peskageanmbiah is
directly arranged thereover. According to the present invention the pratection device may,comprise
two, three g\wgg%%g\%ewaqq@hqugro?%géqi@%%ffpge etél.anaél}l%meﬁ%%%i#%h??ﬁgrs%)%%toﬁﬁ device
com- 10 prisesaniydintiereectienpaiages. In embodiments which are designed for particularly safe
protection against particularly high attack energy it is preferred that the protection device comprises up

to five tile ppelears tihsatlagerkropeRIaINeRaRgEds adamiaaieyspetbpdadhmiepaiseiien device

can be_prepared by the praductign method according,to the present invention, wherein normally 15and
prefera?‘olylgl Jid gxgtsfgasi@gn%o 35' %%(l: %gee%‘%)&ﬂ? %‘F oarﬁ%o %‘ﬁatg?ﬂ &%é? 'f%(r:ﬁsf gf%?ﬂ?g? layers are

introduced tensundiidyybtbaicathedibeicapains thedoive ihirhckegiiers theinlylcaresdetidpackage do

not comprige-any fthsEdayesnit & RiRductigrametiackacsading to the present invention allows the
production of com- plex total geometries, such as for example complete car doors, in few simple

process 203iebs il SARII BRSSP Lo Assemble feans ol pre‘abcaled Indiduglcampanents in a
puzzle-like ' manner=Thus, this'method can be conducted cheaply as an autqmata le process. In
particular, raose&oMictioasieigtene fsuprikagen dtesssbodinmt b bruReiion 8eviee FRention the

tiles ofat legingutiisrRAeage saedises rpiripieimeHitaRiadiPacmaleiRls Arsticiuatgadide fibers,

carbon fibers and_ceramic 25fibers. Particularly preferably, all tiles in the protectjon device are
fner-reinfoRIPSHIE CRBLARIGHE O SRR AT o P ERE AL BRI An P SEent
invention isatrersides wihict il digppasiteagethe object to be protected. Usually, this is the side from
which a potentially detrimental exposure onto the object to be protected has to be ex-

The tile packages are prepared by a lamination method. The protection device can be

prepared by the production method according to the present invention, wherein normally
15 and preferably besides at least one tile package additional components in the form of

further layers are introduced. in principie, protection devices are possible which besides

the at least one tile package do not comprise any further layers.

The production method according to the present invention ailows the production of com-

plex total geometries, such as for example compiete car doors, in few simple process
20 steps. it is not necessary to assemble reams of prefabricated individual components in a

puzzle-like manner. Thus, this method can be conducted cheaply as an automatable

process. In particular, no specific jointing compounds are necessary.

in one embodiment of the invention the tiles of at least one tile package are fiber-
reinforced. Suitable fiber materials are silicium carbide fibers, carbon fibers and ceramic
25 fibers. Particularly preferably, all tiles in the protection device are fiber-reinforced.

The ,exposure side" of the protection device prepared according to the present invention
is the side, which is opposite to the object to be protected. Usually, this is the side from
which a potentially detrimental exposure onto the object to be protected has to be ex-
pected. The side, which is directed at the object to be protected, is the ,object side”.

30  In preferable embodiments the protection devices according to the present invention have
at least one cover board on the exposure side of the tile packages. The cover board may

be fabricated of different materiais. The kind of the material of the cover board depends



pected. The side, which is directed at the object to be protected, is the "object side". 30In preferable
embodiments the protection devices according to the present invention have at least one cover board
on the exposure side of the tile packages. The cover board may be fabricated of different materials.
The kind of the material of the cover board depends 6 on the intended use of the protection device. If,

Ior examplgntifR RGP 1 @efiaris rdandies de RN Ra e Airpi ek protdctest ddvice oy esdard is
abricated of a flexible material, such as_.a woven fabric. If the. protection devige is used.in.vehicles or
buildings, ﬁtﬁecﬂjgaﬁg?nng% al@%%?{/ (‘f?l’ ?ﬁ&&?a?&"%e%é?e égrg éﬁcl?%drsof?v?/g%é's%frétwg [ I(Eelrinay be
used 5as nsativiag efvheecdebribdatis PRYediamgevite soveedvarehickmenbiddingsh kittitermediate

layer onto the.fiest-tile packagiendl th@rars Wattidec dtEate rihs, hsddiskimraketibg Hatesxediate layer

is 0.1 to 30 mm, more preferably 1 to 22 mm and particularly preferably 3 to 10 mm. Preferably, the
intermadiaf® I RAPTELHEG HRYE5% % he intermediate layer preferably comprises 10epoxy-based
polymers, polyvinyl butyrals, polyethylene vinylacetals, polyurethanes or mixtures thereof. In preferred
embodimefreigraipiotbetinyeidwecdde dorinededwith prastemmadiateitayernenie teadrgiiebacking layer

fhn the Ob{e;tséﬁigse?éttkfe@ﬁ%@gsll?%@& ﬂﬁ%%%n‘?é?r%ﬁgﬁ@@é%fhﬂtgfmﬁ-mf@{?% dmparticular
e complete deceleration of bullet fragments an ile spalls. Prefer is backi eris a
polymer Ia)?’é)rWef@?é%P?/fq?eéﬁwypiigéggpm%afﬁo?ﬁ?&%| M m@%%‘%ﬁ E‘r?/'la%er,e@r%ﬁ% fibers
(fabric or Mntmmw_aieemmﬁibersc.ﬁmrdmjemdﬁmimn@diatedaybmmsbhmemﬂﬁqﬂeferable
embogiments eRackBaAEE CBERIRY URGHRL L B IRG dRERR bl Jhgraeag laver is

bounded with the first tile package at thé sidé of the objecCt 20via an intermediate layer. Preferably, this
intermediat@'?ﬁyéﬁﬁy‘ﬁrﬁeﬁ/mer layer. Prefera- bly, the intermediate layer comprises epoxy-based
polymers, polyvinyl butyrals, polyethylene vinylacetals, polyurethanes or mixtures thereof. In preferred
embodimentspiistefoiicoétiimdidjactsrihil prptesitagaiervivescasminmte tive diatetayaention has at

least one backing layer on the object side of the tile packages. The backing layer sup-
ports the protective effect, in particular the complete deceleration of bullet fragments and

15  tile spalis. Preferably, this backing layer is a polymer layer. Preferably, it comprises
polycarbonate, polymethylene methacrylate, aramid fibers (fabric or woven fabric}, keviar
fibers (fabric or woven fabric) or combinations thereof. in preferable embodiments the
backing fayer consists of several polymer layers.

Preferably, the backing layer is bounded with the first tile package at the side of the object
20 via an intermediate layer. Preferably, this intermediate layer is a polymer layer. Prefera-

bly, the intermediate layer comprises epoxy-based polymers, polyvinyl butyrals, polyeth-

ylene vinylacetals, polyurethanes or mixtures thereof. In preferred embodiments the foil of

the adjacent tile package serves as an intermediate layer.

A preferable embodiment according to the present invention reiates to a protection de-

25  vice, which comprises tiles that contain metal particles. Preferred metal particles are iron
turnings, non-iron metal turnings and turnings of metal alloys. Preferabie, the volume of
the particies is smaller than 10 mm®, wherein the length-diameter ratio is preferably
higher than 2 to 1.

in a preferred embodiment the tiles of at least one tile package carry burlings on at least
30 one surface. The burlings are in particular burlings with ellipsoid dome-shaped form.
Preferably, the burlings are arranged on the surface of the tiles on the side of the object.
Preferably, the heights of the burlings are 0.1 to 1 mm. Preferably, the semimajor axis of
the burlings has a length of 0.1 to 1 mm, wherein the preferred distances of adjacent



A preferable embodiment according to the present invention relates to a protection de- 25vice, which
comprises tiles that contain metal particles. Preferred metal particles are iron turnings, non-iron metal
turnings and turnings of metal alloys. Preferable, the volume of the particles is smaller than 10 mm3,
wherein the length-diameter ratio is preferably higher than 2 to 1. In a preferred embodiment the tiles
gf a}t least bogingeppakkage Eamy Honinghunpaelestt\d toa dwlings arel arespgeihgs tha sugactcular
urfings with.ellipsoi -sh t | r face of the
tiles on theoglt§8 %%&%%%%%t% re e%é%tﬁeéeﬁg[g%ﬁg %P %? %%Ig%lgn%s% agrrgéai‘n%? ‘r%n’ﬂ%ﬁ‘ %ﬁgrably, the

semimajoriasiatientiscaplignass RadneTeRERntae GoURS 8MAShofkraHR RIS HREaugRBRdESSof adjacent

7 burling pgakaifershify teffetin. o mprslaiy stedurtinge Aseasmoteadidentkaldseiacedf the tiles
which js in contact with the foil gf the tilﬁig&ckage. Consequently, high sonic isolation is achieved.
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! k' Maves passing through the tiles are differently reflected from the
burlings, so that an interference of incident and reflected Swaves results in an optimum extinction. The

tile packagEaeatie packagespraaeel ssivantranravsly iaTst pe AR IRREER PREAMcent tiles
are mainly R 2/0R@ i AdReTRONAIGLY A EIRIVIEH Wik respsicUter iharexp estiTessiskect Adlttantageously,
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: S
the foil mat i 3 of the gaps is not comp ith foil material.
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Preferably bhiachisyiestietahigapes Fraupari Hleshith ber Riligmiaish BurssfIRROu At 1RESYA parallel
Of'ent@mterf]w%horﬁﬁep%%tp@l ;meo%teﬁfq&@r:grﬁ@mm' i gw%tmiaan@wwnbfﬂﬂﬁﬁm faoaolymer is
present in the gaps Polymer material which prefer as been penetrated into the gaps.because of
capillary 15¥8PCes it #5 ﬁ%"BHSH3855436’98&@?%&%%@%[@%%% DHEEIN'S %?ﬁﬁlae@hamong
respect to the exposure area is achieved. In particular embodiments no polymer is pre-
sent in the gaps.

Polymer material which preferably has been penetrated into the gaps because of capillary

15  forces due to the production process results in a strong connection of the tiles among
themselves. The degree of infilling with polymer material depends on the viscosity of the
material during the production process and, thus, on the process temperature. The proc-
ess temperature is the temperature at which the polymer foil is bonded with the board of
the tile material. Preferably, the process temperature is such high that the viscosity of the

20  polymer decreases to values allowing a residual volume of gaseous components in the
gaps between the tiles of 0 to <100 % by volume, preferably 0 to 33 % by volume, par-
ticularly preferably 0 to <10 % by volume.

The tiles are prismatic and preferably have triangular, quadrangular, pentagonal or hex-

angular base areas, wherein the board of the tile material is scored accordingly during the
25  production method. Preferably, the tiles comprise glass or glass ceramic, wherein in

particular they mainly consist thereof. According to the present invention it is also possi-

ble to use a glass ceramic for the production of a part of the tiles within the protection

device, to use a giass for another part and to use another brittle fragile material for a

further part thereof. in preferred embodiments at least two of the tile packages which are
30 arranged in the protection device have different tile geometries.

If the tiles mainly consist of glass, soda-lime glass, borosilicate glass, aluminosilicate

glass, lead glass, chalcogenide glass, crown glass and fiint glass are preferred.



themselves. The degree of infilling with polymer material depends on the viscosity of the material
during the production process and, thus, on the process temperature. The process temperature is the
temperature at which the polymer foil is bonded with the board of the tile material. Preferably, the
process temperature is such high that the viscosity of the 20 polymer decreases to values allowing a
residual votua ebgingantisscamipioe Rtsé bt gapschairrasfitithly tiegladOceranioqikorbgtediume,
preferably 0,to 33 % by volume, particularly preferably 0 to <10 % by volume. The tiles are prismatic
and prefera ﬁy have triangular, quadrangular, pentagonal or hex-angular base areas, wherein the
board of the tile material is scored accordingl duringl.the 25production method. Preferably, the tiles
comprise gIas§-0t9&§§§ecréfﬁﬁﬁc?f\ﬂﬁe|l‘@wrﬁ1%%WIEG%WWW%mg%aﬁg&%meﬂﬂ?&%hﬁrto the
present invention eistigd soipmassipitalay seargliasseatimicdibadbe production of a part of the tiles within
the protection device, to use a glass for another part and to use another brittle fragile material for a

furtherspart theeqf;.in, REcLeHEd STHROGUBRRR.ALIERSE DA Sdhe-apcagre waiohiase 30arranged

in the protection device have different tile geometries. If the tiles mainly consist of glass, soda-lime

glass, borosilicate“§isiad, sanRHBSI e GRS SR RS MiXRITYERIGETSRUS BHERA BIER and flint
glass are preferrechuiftd heéxtallowying gfasscetamicsthavedire erygiatirendbaseficially as glass ceramic
tile materials: a. glass ceramics of the lithium aluminosilicate type, with high quartz mixed crystal or

keatite mixed grysiplasthe-MRARGHSTAING BhRRRIRD asscrEagpesRiintmagnesdare zinc

aluminosilicate type, with spinel mixed crystal, sapphirine mixed crystal, cordjerite mixed crystal,
enstatite mixed cr§ialtenlifitamingasy %PBF‘&%%&H&BWP&&H& ﬁt@@&%ﬁm@}%g@{ﬂ% glass

ceramigs of the lithngnptaasiithium zinc silicate type, with lithium disilicate, petalite, lithium metasilicate or
corresponding mixed crystals as the main crystal-10line phase; d. glass ceramics of the boron

phosphorus siligatgdypeeMithRURPBoSR NSRS esadRsast alline ias pnBaskiskIarks preferable

are glass ceramics with a conterut of silicon dioxide of at least 5 % by weight. 15Glass ceramics in the
sense of the presé'ﬂ‘? GG @%P&@?gbly brittle fragile materials
Particularly preferabie are glass ceramics with a content of silicon dioxide of at least 5 %

by weight.

15  Glass ceramics in the sense of the present invention are preferably brittle fragile materials
produced by partial crystallisation of glasses. In particular, “glass ceramics” are materials

which

a. have been converted from a glasslike into a partially crystaliine condition by a tem-

perature-time treatment,

20 b. have been obtained by simuitanecusly sintering and crystallizing glass (sintered

glass ceramics) or
c. are at least partially crystallized by cooling a giass melt (crystallized glasses).

in comparison 1o ceramics, giass ceramics have the advantage that they can be pro-
duced cheaply, also in large formats, and that they have a low density. Based on the
25  basis weight of a protection system, they are comparable with ceramics with respect to

their final ballistic effect.

The polymer material of the polymer foil is preferably selected from the group consisting
of polymers and copolymers on the basis of epoxy, polyvinyl butyrals, polyvinyl acetals,
polyurethanes, polyethylene terephthalates, cross-linked and partially cross-linked poly-



produced by partial crystallisation of glasses. In particular, "glass ceramics" are materials which a.
have been converted from a glasslike into a partially crystalline condition by a temperature-time
treatment, 20b. have been obtained by simultaneOLbst sintering and crystallizing glass (sintered glass
ceramics) or c. are at least partially crystallized by cooling a glass melt (crystallized glasses). In
comparisofséprefEr aies polpeatseiBicashavedb tbeivestagedba Pty s, Beeprolysiecesli cheaply, also
in large formats, §I’ld.{ha¥ ng){oh?\éemamlow density. Based on the 25basis weight of a protection system,

they are corﬁ%gr BEWith CerimicsWith respect to their final ballistic effect. The polymer material of

the polymer foil is preferably selected from the group consisting of polymers and copolymers on the
basis of epBisfeRAY i BepratseRERoRipnRRsR asenHiRaanas FetFatipIEAtaR fRaiges,
cross-linkegraag grariablyzeross: linkeddpeiyrahisoprepemand polgbukadiesestasiaeduis medures
thereoL Preferahly, the pol r foil has a density, Qf to 1.3 mm. Pref the 3 f the
protecton JTEN e AR e b TR e AR ik He e b o PR Wk RO LGSt
preferably fiies pBiensiithembadmesnsiwiiregiohtiularsfesBite sebrdirpeaie MbNRREEIASE areas of

1 to 15 cm2elnpmbadinesisavibhaeaenal bias areferabhotheysave migaribaizee afekto 50 mm.
In embodiments wﬂ%ga&ezmd oréEe tgarﬂona@ilfs %refgf[yab t T:fzyé_hav%b se g[eas of 10tto 25 cm2.
Preferably, W Y835+ 868 ¥ HAMMGERIREN (HftaAMNei it Pt PAEISS ARAS)SPOTRHES and/or
segmentedddtttﬂérﬁgi@i Imatga‘telr(ﬁle(nﬂeqha.gka)gw)iQWH'rcrcareatrmafrn’réld pratestprodstion alweite accord-
10ing;fp theBrRSRRIIREGRIMRRYR, HICKNARR AR 1 238 ROTRREEIRERRNOR ¢ 1d 42

mm. Preferably, the tiles itself have heights of 1 to 22 mm, more preferably 3 to 12 mm,

wherein preferably boards of this thickness are accordingly used in the production

method thereof.

In a particular embodiment of the present invention the multiangular base areas of the
15 tiles are not iocated in one plane, but the base areas of adjacent tiles are tilted to each
other by tilt angles of between 0.1° to 30°, preferably 1° to 10°. Thus, in the case of
bombardment it is achieved that on the one hand one tile will be heavily destroyed by the
bullet, but on the other hand the adjacent tiles will nearly remain without any destruction
and can also withstand a second hit which is near the first one. Only the present invention
20  allows that protection devices with such designed tiles can be provided in a cost-effective

way.

Non-segmented boards of brittle fragile materials, fiber materials, fiber composite materi-

als, metals or other polymers can also be bonded together by the use of casting resins.

The production conditions of such composites depend on those temperature, time and
25  pressure parameters at which the casting resins experience cross-iinking and/or harden-

ing and develop an optimum adhesion to the areas which limit the casting resin layer.

The use of an above-described protection device in a buliet-proof vest, a vehicie or a

building is also in accordance with the present invention.



mm. Preferably, the tiles itself have heights of Ito 22 mm, more preferably 3 to 12 mm, wherein
preferably boards of this thickness are accordingly used in the production method thereof. In a
particular embodiment of the present invention the ppultiangular base areas of the 15tiles are not
located in one plane, but the base areas of adjacent tiles are tilted to each other by tilt angles of
between Ogixtriilepreferably 1 to 10. Thus, in the case of bombardment it is achieved that on the one
hand one tile will be heavily destroyed by the bullet, but on the other hand the adjacent tiles will nearly
remain without any destruction and can also withstand a second hit which is near the first one. Only
the present invention 20allows that protection devices with such designed tiles can be provided in a
cost-effective way. Non-segmented boards of brittle fragile materials, fiber materials, fiber composite
materials, ?Qfgl r other polymers can also be bonded together by the use of casting resins. The
production conditions of such composites depend on those temperature, time and 25pressure
parameter&asaisietathie BigshiagkagsiMs experience cross-linking and/or harden- ing and develop an
optimum adhesion to the areas which limit the casting resin layer. The use of an above-described
protection devicppereshidlet-pyiaéyestamicchicie owhiduliding oaiposiiardolidenedhiith fife present

invention. 0%18?1@%51@% I;@m&l‘%iginq!@gﬁd:gr%ﬁig glﬁqg@%gda%gﬁh:%%gm%gigggg%lass ceramic

board, whi as a composition in line with DE 10 2008 0 imension of 500 x 500 x 5 mm3

and high qiRa eRisEliag shases ihaRPEtN R IRASHIES sl Wi the 55 Bl RYReFeel with the
help of SilbgsesinititaHYisg aiutientletiing bamicaniprathergiate pattormivhyrajnikegsiiatenal triangles

having an eg?gsehlgoi%tgha%fg g@@n\@’ ic& gBrrrr?r%pv%gﬁ E%FJSEE%&d?tBrHSh\%e? is produced.

10 A transparent polyurethane foil of the type A4700 (Deerfield Urethane) with a thickness
of 0.635 mm is laminated according to the lamination guidelines of Deerfield on the
lower side of the scored glass ceramic board, which has burlings. Subsequently, the
scoring lines are exposed to tensile stress and the scored glass ceramic board is
fractured along the scoring lines, whereby gaps and intersection peoints are created and

15  atile package according to the present invention is obtained.

Example 2
Glass ceramic tile package B

The upper side of a glass ceramic board, with a composition as described in DE 10

20 2008 050 263, a dimension of 500 x 500 x 8 mm® and keatite mixed crystal as main
crystalline phase is scored with a 140° cutting wheel with the help of “Silberschnitt
cutting solution”, wherein a pattern of mainly equilateral triangles and hexagons which
corresponds to figure 2 is produced. The hexagons have a wrench size of 50 mm and
the equilateral triangles have an edge length of 28.87 mm.

25 A transparent polyurethane foil of the type A4700 (Deerfield Urethane) with a thickness
of 0.635 mm is laminated according to the lamination guidelines of Deerfield on the
tower side of the scored glass ceramic board, which has burlings. Subsequently, the
scoring lines are exposed to tensile stress and the scored glass ceramic board is
fractured along the scoring lines, whereby gaps and intersection points are created and

30 atile package according to the present invention is obtained.



10A transparent polyurethane foil of the type A4700 (Deerfield Urethane) with a thickness of 0.635 mm
is laminated according to the lamination guidelines of Deerfield on the lower side of the scored glass
ceramic board, which has burlings. Subsequently, the scoring lines are exposed to tensile stress and
the scored glass ceramic board is fractured along the scoring lines, whereby gaps and intersection
points are created and 15a tile package according to the present invention is obtained. Example 2
Glass ceramic tile package B The upper side of a glass ceramic board, with a composition as
described qf@ﬁ“}ig 302008 050 263, a dimension of 500 x 500 x 8 mm3 and keatite mixed crystal as
main crystalline phase is scored with a 140 cutting wheel with the help of "Silberschnitt cutting

solution”, %%%%gﬂﬁﬁgﬁ%%@%” St%%aé]lrcigglg{es and hexagons which corresponds fo figure 2

dh
is produced. MR ang ke eq&irlﬂera trlangel\es have an edge
length of 2&87amiry 2521tfnspareatsholyorietiigneefail Rl o typ éoAaT Ut (@atsfigidUiethaine) with a

thickngss 064%@3%'%%;&% '@ME{%%@@CQQ%R&%%{?&'WG@%%@H&@'M%IQ&?@%@“ the lower

side of the scored glass ceramic board, which has burlings. Subsequently, the scoring lines are
exposed toh%‘ﬁgﬂ@§ﬂ‘é§§%§o°ﬂ%’§ﬂbi%8rﬁ?ﬁggdclé\’grﬁ{badgbmri@ﬁ%fq@fﬁr@ HI8hy ?ngé%SPriLg lines,
yvhere_by gm@a@ﬁaﬁersem@typeinwaﬂe(Bmfmﬂdammﬁsmﬂ]mpamlgagmmnr@ fotherpresent
invention 'SA%%?!)J(?ES%%%J%%%@P@&W@? SARUVEME PRI M pithen dorgisqach other

with an offse mmandy = - 5 mm, as shown in figure 3. Below the foil of the glass
ceramic tilds prepared with a final thickness of 17.5 mm. The basis weight is 34.75 kg/m®. This
10  composite withstands a 4 hit bombardment according to the bombardment pattern of
ATPD 2352 P (so-called ,STANAG-T*) with 5.56 x 17.8 mm soft-core munition with 315

m/s at a distance of 15 m.

Example 4

15 A glass ceramic tile package A and a giass ceramic tile package B are laid on top of
each other with an offset of x = 25 mm and y = 0 mm (figure 4). Below the foil of the
glass ceramic tile package, which is not offset, a polycarbonate disc (Makrolon®,
Bayer) having a thickness of 5 mm is provided laid on an intermediate layer of trans-
parent polyurethane of the type A4700 (Deerfield Urethane) having a thickness of 1.27

20  mm. According to the lamination guidelines of Deerfield a glass ceramic-polymer
composite is prepared. Its final thickness is 20.5 mm. The basis weight is 42.55 kg/m?.

This composite withstands a 4 hit bombardment according to the bombardment pattern
of ATPD 2352 P (so-calied ,STANAG-T*) with 9 x 19 mm soft-core munition with 400

m/s at a distance of 5 m.
25
Example §

A glass ceramic tile package A and two glass ceramic tile packages B are laid on top
of each other with an offset of x = -25 mm and y = -50 mm {package A to the first
package B) as well as x = 20 mm and y = 0 mm (package A to second package B)
30 (figure 5). Below the foil of the glass ceramic tile package, which is not offset, a fiber
composite mat of Keviar woven fabric (“Low Modulus”™ Kevlar: density 1.45 glem?®,



5package, which is not offset, a backing layer of polycarbonate (Makrolon(r), Bayer) having a

thickness of 5 mm is provided laid on an intermediate layer of transparent polyurethane of the type

A4700 (Deerfield Urethane) having a thickness of 1.27 mm. According to the lamination guidelines of

Deerfield a glass ceramic-polymer composite is prepared with a final thickness of 17.5 mm. The basis

weight is BHa%&ggimmT@&r&wmﬁmmrhﬁémammﬁhmmumnt B8CONY’{@ tog-

bombardm nt pattern of ATPD. t 7 ft-core
é%%nm% ac%hoé iV %gtﬁ;o é%\?%( thﬂ; cif-% }n‘m E?ﬂ%@lé le§| af

munition wi $tance o glass ceramic tile pac age A and a glass

ceramic tiléntreiokediets @B@ﬂaiﬂf@ﬁ!wﬁféﬂba@l’!lﬁﬁéﬁQﬁtﬁféheb?f@@t%‘ff?@@ tResriekh ¢ thanfim (figure

?'\)A Bl*(ek;W Ehsvﬁ% %ftm%%&elr@mkﬁmem@m tWhh@hMt@?ﬁsma%mﬁéW%@aﬁeidlm
akraolon(r

having a thickness of 5 mm is p.an int dlate er of.
transparen 8@/5 ﬁeoé‘:afyfﬂsrtyﬁ@'%\f?ﬁds(ﬁre@r?%%oﬁret % 5\71?159'3 g‘ s P13 0mm.
According tesibbtlEnGihdticairgtiidelines of Deerfield a glass ceramic-polymer composﬂe is prepared. Its
final thickness is 20.5 mm. The basis weight is 42.55 kg/m2. This composite withstands a 4 hit

birgbardm?ﬂtsa@msﬁgmetmhgthb@agmmwrgamm@ftf%e@fé@?o%@@auaehmw@ffr )Iwith 9
X 19 mms n, wit an m s ceramjc tile
package A‘gﬁ%l?t%g%r%%{gg %u%a § e%ﬁ%ﬁ%%éﬁ aﬁeﬁ |g.l Eon top o? eacﬁ (':{r%vQ % ar‘l? 'oftset of x = -25

mm and y wnﬁ(Bﬁﬂm(/peaﬂ@gMart@emé Thsnpackage B) as well as x = 20 mm and y = 0 mm (package

A to second package B) 30(figure 5). Below the foil of the glass ceramic tile package, which is not
offset, a fiber composite mat of Kevlar woven fabric ("Low Modulus" Kevlar: density 1.45 g/cms,



12 having a tensile strength of 2800 N/mm2 and an elastic modulus of 59 kN/mm2; epoxide resin as
adhesive; DuPont) having a thickness of 5 mm is provided laid on an intermediate layer of transparent
polyurethane of the type A4700 (Deerfield Urethane) having a thickness of 1.27 mm. According to the
lamination guidelines of Deerfield the 5glass ceramic-polymer composite is prepared. Its final
thickness is 28.5 mm. The basis weight is 64.6 kg/m2. This composite withstands a 4 hit bombardment
according to the bombardment pattern of ATPD 2352 P (so-called "STANAG-T") with 7.62 mm x 51

NATO softﬁggg mnqgmgﬂfﬁg}gé’g/s at a distance of 10 m. 13 Description of the figures The figures
are for illustration of the subject matter of the present invention and they do not limit the subject matter

of the patent claims. 5Fi sho a8§ ord| to the present | ventio comprising
triangular ti tTé? %ﬁ%ﬂfﬁ%ﬁ%ﬁ%%’ t%g é#i aiey gg?)s ?ﬁ%gﬁfg fgpso%aene ati rt}]egrsectlon
points (11)nbidumé heisohjsd tletigackdpe paemtdiits the present invention, comprising triangular
and hexagonal tiles. 10Figures 3 and 4 each show two tile packages according to the present

inventign whighrare sHsvRaea & pderaghereheihg o figess3rihieidasdr coarpnget iﬁtiamgofﬁset
manner such that the in ersectlon 8[? of thegrl do not corrrﬁszﬁoqg with eache?tkt Lter! Figure 5
shows thred ?fe&%cwg aé%é&%"fng Wé“p?g en |nver¥t|8n W are a?rapnge op of each other
and arrangeeldticarpofféet Manner such that the intersection points of 15the gaps do not correspond
with each other. Figure 6 shows a hexagonal-prismatic tile, which can be part of a protection device
according tpifipenrasRiidaves iRk asy g Srawgnehne zreakhbifvatmonittoapedipg aidritpnae-shaped
burling structu %ln to 'ﬁ‘{" The semimajor axis of the burlings is 0.5 mm. The distance of adjacent
burling peaﬂs s TR oS

10 Figures 3 and 4 each show two tile packages according to the present invention which
are arranged on top of each other. In figure 3 the tiles are arranged in an offset manner
such that the intersection points of the gaps do not correspond with each other.

Figure 5 shows three tile packages according to the present invention which are arranged
on top of each other and arranged in an offset manner such that the intersection points of

15 the gaps do not correspond with each other.

Figure 6 shows a hexagonal-prismatic tile, which can be part of a protection device ac-
cording to the present invention, having a wrench size of 15.0 mm with an ellipsoid dome-
shaped burling structure in top view. The semimajor axis of the buriings is 0.5 mm. The
distance of adjacent burling peaks is 1.0 mm.

20  For illustration, in figures 7 to 10 the tile packages are individually presented as tile layers
16 and polymer foils 17. One tile layer 16 followed by a polymer foil 17 represents a tile
package.

Figure 7 shows a cross section of a protection device according to the present invention,
comprising a cover board 14, an intermediate layer 15, a tile layer 16, a polymer foil 17

25  and a non-segmented board 18. The individual tiles are arranged in a tilted manner. The
filt angle 20 is 1° to 10°.

Figure 8 shows a cross section of a protection device according to the present invention,

comprising the following elements; cover board 14, four intermediate layers 15, two tile

layers 16, two polymer foil layers 17, three non-segmented boards 18 and a backing layer
30 19



20For illustration, in figures 7 to 10 the tile packages are individually presented as tile layers 16 and
polymer foils 17. One tile layer 16 followed by a polymer foil 17 represents a tile package Figure 7
shows a cross section of a protection device accorqipg to the present invention, comprising a cover
board 14, an intermediate layer 15, a tile layer 16, a polymer foil 17 25and a non-segmented board 18.

The individeightites ey 0aRE ddidiet amroretichhilitaaste dihistd the pkfsénguraBtgiows a

cross section of a protection devi ccording_ to the, present jnvention, comprising the folloying
cloments: EST0R B TaGb 0 Hio it e S8 G i g e eSS g Bt 1
three non-$bgaaoteddangoied 8eandsal Baskifgbiagiend@ver 19 Figure 9 shows a cross section of a
protection device according to the present invention, comprising a cover board 14, four intermediate
layers 15, Fiderényecabwa olyaiaddeibh 6f thigetastivs cgmentegthramglisoBapdsehaiekingidayer 19.
Figure 10 shows.a cross section qf otection devi ceordi th in I omprising
a covesrlboét:%ﬂ fﬁ's {ireeRierme %Pe%' I%b%eres' %E,r W%ﬁ %%%%}’/%Fg , é@&)&%ﬁéﬁ?&j&ﬁ%@%fﬁ &
non-segmdaiisd Boare o arB sasnaied kingrtieytd and mbpgkinadevsie 8ot ioergeltPecorethe exposure

side and thgJaaghings lay ehel xscRlrthebinet Fid®athindRupss vehichratieeidBiitisdavithéhree points
represent an arbitrgrg numper off_ layers %nd siﬁuences consisting.of tile la ers aﬁd golym r foils (16
and 17) or INVEFMBAIERISy BROHEShY ORISR Rl EeP R s BRIV &) R PhEEE A Hhat the
gaps of thegé@pack&g@msi&t%g@ir@speyﬁSmspwbjhm fasa(i6 dochtllay iotetopdatsenasther. List of
refer%ce SiPdhon-segmented boards (15 and 18). It can be seen, that the gaps of the tile packages

only correspond in special points and do not lay on top of each other.



10tile 11intersection point 12gap 514cover board 15intermediate layer 16tile layer 17polymer foil
18non-segmented board 1019backing layer 20tilt angle 16 Claims 1. Method for the preparation of a
protection device, comprising the step of providing %tile package through laminating at least
one board of a tile material onto a polymer foil (17), 5 scoring the board on the side which is opposite
to the polymgt &ikéisnennd digesuring the board along the respective scoring lines to obtain a plurality
of tiles (10), which are fixed on the polymer foil (17). 2. Method according to claim 1, wherein the board
has burling:réoon a&;gast one side onto which the polymer foil (17) is applied.

11 intersection point
12 gap
5 14 cover board
15 intermediate layer
16 tile layer
17 polymer foil
18 non-segmented board
10 19 backing layer

20 tilt angle



103. Method according to claims 1 or 2, wherein the protection device comprises at least two layers,
which comprise at least one tile package each comprising a tile layer (16) and a polymer foil (17),
wherein the tiles (10) adjoin at gaps (12) and are mgunted together on the polymer foil, wherein the
intersection points (11) of the gaps (12) of each tile package are oppositely arranged to tiles (10) of the
re- 15spectivgifeyowing tile package. 4. Method according at least one of the preceding claims,
wherein the tiles (10) of at least one tile package are fiber-reinforced. 5 Method according to at least

one of the preqecifiiafae wiIStaiR aldrastafiecensy BaoicL (LamsRiraNAedas ariudurigyer on

the exposure side of the protec evice. 6. Method according to at least one of the preceding
claims, wherein agltigsaskagstkmiayer (19) is arranged on the object side of the protection device.
7. Method according to at least one of the preceding claims, wherein the tiles (10) consist of glass or

glass ceramic. 258. Rrotaatiaatithe\ac e gatatiaceshlyy ¢f anithodh@ciad mhitigetoaydeadodE7af the preced-
ing claims

5 » scoring the board on the side which is opposite to the polymer foil {(17) and

« fracturing the board along the respective scoring lines to obtain a plurality
of tiles (10), which are fixed on the polymer foil (17).

2. Method according to claim 1, wherein the board has burlings on at least one side

onto which the polymer foil (17) is applied.

10 3. Method according to claims 1 or 2, wherein the protection device comprises at
least two layers, which comprise at least one tile package each comprising a tile
layer (16) and a polymer foil {17), wherein the tiles (10) adjoin at gaps (12) and
are mounted together on the polymer foil, wherein the intersection points (11) of
the gaps (12) of each tile package are oppositely arranged to tiles (10) of the re-

15 spective following tile package.

4. Method according at least one of the preceding claims, wherein the tiles (10) of at
least one tile package are fiber-reinforced.

5. Method according to at least one of the preceding claims, wherein at least one
cover board (14) is arranged as a further layer on the exposure side of the protec-
20 tion device.

6. Method according to at least one of the preceding claims, wherein at least one
backing layer (19) is arranged on the object side of the protection device.

7. Method according to at least one of the preceding claims, wherein the tiles (10)
consist of glass or glass ceramic.

25 8. Protection device, produced by a method according to at least one of the preced-
ing claims.

9. Use of a protection device according to claim 8 as a component of a bullet-proof
vest, a vehicle or a building.



