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 R ttanivinr the pragigoibdsucla pretecimmdievices with a plurality of tiles
provides the advantage that after one single hit not the total protection function 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- yvices built from. large, boar ve.the
disadvanthy® RN R 33\78??838& a%é%?% bcfggo(grt]\/éeag{gﬁ H%:tgoo ReF ﬁ%ﬁé% go'?a%%\ﬁpo%smproduction
meth&d apchtbetrthegrodusiton, atebhanidiingadfshtagydstagieresrponerts i€ Rseasxgdisioe: In

addition, the adhesives vilhwgyighdhe-siaglsriiies ase.asremblediin pdorartmavsdetuii high
demands. Regularly, 20these joints are the maost vulnerable sites of the protection device§ in prior art.

Thus, me&8StiessTaY By TRs ke BIBEERR FPENARTPHRECHRIE BRRILE BRSERYREMESs which are

filled with aghesienButheprsictiontderitesy aresfpoexdnople; desgeibegdirmBER0IT8O8RYI. US
2009/0320675 Al describes a transparent protection device in which transparent tiles 25are bonded

together with, a rransparenbRUXUSMateabwithAsus e seliardivaingedontain within re-

10 spective layers a plurality of individual tiles are known. The design of such protection
devices with a plurality of tiles provides the advantage that after one single hit not the
total protection function is fost 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 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 assembled
one after the other during a laborious production method and that the production and
handiing of many singie components is aiso expensive. In addition, the adhesives with
which the single tites are assembled in prior art have to fulfil high demands. Reguiarly,

20  thsse 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 filied with adhesive. Such protection devices are, for example, described in DE
80 06 087 U1.

US 2008/0320675 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 tites which are
honded together may be laminated onto each other, wherein the edges of the tiles which
are perpendicular to the exposure face do not overiap from layer o layer. In acdition, the
production method is laborious, because small singie tiles have to be prepared separately

30 and have to be bonded together with an adhesive.



and are laminated onto a transparent supporting board. Several layers of tiles which are bonded
together may be laminated onto each other, whereip 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 single tiles have to be prepared separately 30and have to be bonded together with an

adhesive. g;lt iﬁ&8rﬁﬁf&mﬂpg&ﬁ&%ﬁ%@ﬁb@@‘ﬁ&&ﬁ&ﬁ&%%ﬂgﬂsﬂﬂ%@ ad-thannRimatharessmall tiles

have to be individually prefabricated and assembled in a mosaic manner. Thereafter the tiles are
bonded tod@&ffeloife H'Q@%‘Xc@(@éﬁﬁfﬁ@%ﬁtﬁﬁ‘?ﬁmp\iﬁ%”aac@ﬁ@%ﬁ’é@ﬁsgaﬁ@ﬁfﬁ?rr aining gaps
are filled wiled cirdibgnhcethpgetitr Aneaact€patiiad acaurac\opfiGthiytids hastidoamhsubee-in each
case. Accardi first aspect of t resent . i9n e iSPrevided a.method for the
preparatioé%%qg%?gq{g%:@@? %%%gfiﬁﬁne%rﬁsﬁ.ﬁgé’érﬁ%ng g%% pgzlage, wﬁerein the stg{) of providing
the tilpadkadéesdiapisbe qahiestingathe@SCone board of a tile material onto a polymer foil; scoring
the at least one board on a side which is opposite 10to the polymer foil; and fracturing the board along
scoring lings:tortieg tbya thetseqrisg dbtiier massultingiles, tvberdrptheided altimefitidesfoethain fixed on
the polymer foil, wherein, t Ject Vi npr 0, at least two
ére%i%r‘é’&%f%lﬁa NERLRHRH 8%%%, SSﬁﬁlégoﬁ.f&%riSI\%lﬁq% HodavesSe SRR AIHRR

layers compri at least one tile package each comprising atile layer and a pgcgymer foil, wherein the
tiles adjoinsé@rgagﬁram*taaetm&dﬁ@aokﬁy&ﬁ@m'%ﬁéi YRRt R IeRvhansiberediffet di8tion points of
the gaps ohrashdilerpaekagpnase foppasitely ansagedsiooiilesediinenespiaetivaitoliewinsptle package.
2a According,to a second aspect.of the present invention, there is.provided ethod for the
prepaq tiorl]o?)wg Bfﬁo‘frenceilrgﬁﬁdeg\i?l%éfa&g&rﬁ'b?ﬁ%%% aarﬁln%{tlﬁ 3‘%(153@(5%3 Oé?r%%ogg’aéﬁ?esr_%%{g%al onto a
flexible foilistornething lbiest vihelstatoetocRiingddes nesiorisesias dpposhene ted flexible foil; and
fracturing thadeareelaRstdecRcaLingdinss adesnsastiiingisiesthas cemainlixad-an the flexible foil.
layers comprising at least one tile package each comprising a tile layer and a polymer
foil, wherein the tiles adjoin at gaps and are mounted together on the polymer foil,
15  wherein the infersection points of the gaps of each file package are oppositely

arranged to tiles of the respective following tile package.



According to a third aspect of the present invention, there is provided a method for the preparation of a
protection device, comprising providing a tile packagge, wherein the step of providing the tile package
comprises: laminating at least one board of a tile material onto a polymer; scoring the at least one
board on a side which is opposite to 10the polymer; and fracturing the board along scoring lines

formed by e SERH0G,'Q [upesuling BlageWhelem e Fesniing dles srRpAIDXedLan ihgPolymer,

wherein the protection device comprises at least two |layers, each of the at least two layers comprising
at least on& & SRAKIR O EPEBIRTIEITE Mithe FATHH B A/ PBIPRIEY RhisRshane kieshRiisin at gaps
and are maistaditopethes arftherolymesonhgnein dbrdSinies seetidnphinis ebikdigepsmbeach tile

package are opROSiely %@‘Q%%‘? fies %fnt{?éeﬁl%"“%% f@é‘%‘@%@eﬂzﬁé‘% %QE%EHSQ w5 ARYS
obtained tile pacE ge can be assembled wit far er %yers fo a protection device, e.g. an armor
proteclion etsmitng, liepthadipieatielxathen ydiedre iers which are usually used in the production
of protection devices, in particular cover layers/cover 20boards, intermediate layers, non-segmented

boards andieebanking layars. Reeferabteeprbsshimanis wirsuabrayesaredrseribeddelowmePreferably,
exactly one board is laminate r polymer foil, because in. thi ri ement of
several bo&tds on tfﬂ% (&?)Pnﬁ%ge%? ?E%e)é’éceeés%or? fore’ {ﬁ\é'%an i%gﬁ%rg %?llgasé%’% ?f%{i%%rd can easily
be cut to thtafesfrpw difinenéietileceerling theorBhisasd arding AdirasHBerbRaT fefithe lamination
procedure.Thrgughy e Srasiurieg sfdhaderrdatbikedile mairrish enktheiehtainpgoseertag lines

several prisms havi Iti lar b hich free, byt ted th th I

o, 218 oL 8 e AT AMy SRR A A BeSGrS 69 (BR 18 1028 B ok 2Lar g Rie, The
tiles continuestitisgditegy witkreie ttcthesphlymtiefoitk Mo Seediog Bandiyracturihgreiodeeures are
preferably 59&@%8?\%@/% QBHPRed ManRer iRaugid devriopmaRtafshalis,(bjaired are tile

packages comprising single tiles which are bounded to each other through the polymer foil, wherein
the gaps b&RIARNISRE AL&RSHIRES IS OF $HRSR EEb SUERIFION Adj' BN EliRRRNY Fehresent the
peripheriessadsein tractiss adjoin at gaps and are mounted together on the polymer, wherein the

15  intersection points of the gaps of each tile package are oppositely arranged to tiles of

the respective following iile package.

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 beard is laminated per polymer foil, because in this case no
faborious arrangement of several boards on the polymer foil is necessary. Before the
lamination 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 multiangular base areas which are free, but are connected through
the polymer foll, 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



5ing planes") of a common fracturing gap. The flexibility of the polymer foil allows on the one hand the
fracturing of the board by tensile load and on the otler hand the use of the protection device according
to embodiments of the present invention in flexible materials such as bullet-proof vests. Optionally, the
fracturing of the board is obtained by the exposure of a steep temperature- 10time gradient of > 50

K/min, in partitiiEtinnbecesdwea arateeisrabitheobdartkdinhigh delimizedeffivient bf abekinal expansion

in the tempgralye-FaRosr 9baf (BB Bighesdhanesrmitishe gkl idb e aeprig 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?8HA%EGHMERRR IS HNIAUSR EheRRly BRAGLBPRIRI D raaadR WERLAT 3RS maximum
number of regcitanpahsms ateviiatestjfndhitieassjaioc osgdegeia dralpeadipherits ¢dlithe rredent

inventign tl?ﬁgég\lz%gg}? &%om%%%gqgg&%%% ggﬁgerred: a. equilateral triangles b. trapezia 20c. regular
eral tri ar pe

hexagons and equilateral triangles d. regular pentagons and isosceles and ordinary triangles.
Preferably,_the scaring is conducted such that the fracturing of all E{coring lines is guaranteed.

Preferably, the fﬁ%ﬁ?iﬁg’é}fé%BPMﬁﬁéﬁ“tﬂ%“t’ﬁé’ﬂ|Bler?5\‘?eh€aﬂéh§ AR Bes H1RR8B8AMd that

preferably mmhdhmisapdssibf&atﬂé&hmmqbasjstem tgemmenddmtmgicﬁ thedrdicty tongnpisodedure leads
to the prodyglign gf tﬁB?#%s&ﬂﬁPe%%%’Ihogf x%@ﬁ?ﬁﬁ%‘%&%ﬁé%fﬁtﬁ@ly FoRdIGted subsequently.

Preferably, the method according to embodiments o present invention further comprises the step

of laying at least two tile packages ?n tog of each other and that of the
Optionally, the Tracturing of the board is obtained by the exposure of a steep temperature-

10 time gradient of > £ 50 K/min, in particular in the case of a material of the board, which
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 embodiments of the present invention the following

geometric forms are preferred:
a. eqguilateral friangles
b. trapezia
20 ¢. regular hexagons and equilateral triangles

d. regular pentagons and isosceles and ordinary triangies.

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 embodiments of the present invention further com-
prises the step of laying at least two tile packages on top of each other and that of the

30  subsequent lamina-



30subsequent lamina- 4 tion. In this step optionally a fiber material component may be added
between the polymer layers, wherein with "polymer jayers" 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 &artop drieatsy eptiandivdditgiyaisial canpessiblemebseddrdieetibpackage should
preferably gRye5 bR dpRsrbstweeHigienpbibaihardienackagrsramniRishe QRiinady, a step of

fitting the thus obtained laminate into a metal frame or a metal casim%{ngfgy e conducted
| Hl

subsequery SBPEIRIG BRI R RIS e G R a B o G381 WFHBRNEES of between
100.1 and Srenlrid mo tepoéfmatbbir@Sinesdcd mmeaTize fomhihatictesttiorppbmiepfdiecyrpstbé board is

condugted ghiemparairas. and pressures yichialiow the-basrchin siyonghyagheredp hppolymer and

at the same time to avoid outgassing of substances which are physically dissolved in the polymer. The

preferred g8RmPéaPiRdiSaeeiRdnthoHt ey RorRa iR By heiraTe g lesOWER as ethylene
vinylacetatetigp@ilenickageccton JibRxarOplien alsly, us ek fast therpr odutlicrobfdmendnatedatitiayer safety
glass, are preferably processed in the temperature range of 75 to 200 C and at preferable pressures
which are r%ligmh%?qt%érrﬁ gr%'b?enr?Fqﬁr{;csassﬂ?g rgﬁ L fgrggrc%%resfé%%we f%&'heating and cooling rates are in
a range of 1 to 20 Kimin and the exposure times at maximum temgeratures are in the range of 1 to

300 min. 201 AR beRe!ERSE (RIIBRIMAIER A BO&TR '8 BB 1B AUBIRMERTLhPRiNSS T sent
invent®mn, com@itshagitieswbislerraiixeadas paynrerTod Hilepaickagias) aothaeddvdnalistieh or

- ted b ittle fraqi ' ' ials,, f ' ials, metal d
omer noly L B e AL W inating o

polymer foR@itestiecliio st PERRIrEg saraepitte i aMUR Piees FivE AleleREBROBS 4Ue8 ARh
respectivelysk|eas §86olved in the polymer. The preferred polymers of the polyvinyl butyral-type,

thermoplastic polyurethane-type as well as ethylene vinylacetate-type, which are for

15  example also used for the production of laminated multilayer safety glass, are preferably
processed in the temperature range of 75 {o 200 °C and at preferable pressures which
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 embodiments of the present
invention, comprising tiles which are fixed on polymer foil (tile packages) and additional
such or non-segmented boards of brittle fragile materials, fiber materials, fiber composite
materials, mefals 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
foll and wherein the tiles adjoin at gaps and are mounted together on a foil, wherein
further the infersection points of the gaps of each iile package are oppositely arranged
with respect to tiles 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,



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 tiles of the respectively
following tile package. This means that the inter- 30 section points of the gaps of each tile package
are not arringjéticasevbehataiteciisatipnp oirasrs i§apsteMdtibndeile thasaerajeviieh ablsestthe

surface aregg ghflRafedeudpe diles:, o indhia case has iftey sepdianPeIBiRt JaRsaia@SHe within the tile
package at which at |east two saps meet each other, so that at least three tiles adjoin at this site,

separated {?f?ﬁgt?\ées%%wgtlﬂ WP8&Ltion 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 arrahgedftadiemagsropaefsareierdsrgagedor bl Rt dhaitapackagendie Reskigeovered by
the tiles of daenpascisas oS EHIRCHY I RNGRMH FREaMEACKAIHNG dpmpbadingsds of the present

invention the protection device may compris 0, three or also more than three of these tile
packages. [P BHBRSHAITE (G 5 R0 Bh R EUREs B RARTRES AR O G M e L B, n
embodimefisswhitk pesidgsigriechfisrdiadiviady gaddhsmstaation against particularly high attack energy
it is preferred that the protection device comprises up to five tile packages. The tile packages are

prepared byadangadiempwrinashtd bersQlieston devgecar peorenared ietheaprashistian method
according to ergfodimemts of theﬂprea_?nt int/ ntiorhilS\év&erein normally and.preferably besides at
least one ti Op Ei?éag%r QT cca)rr%"lpé%%ﬁ SR the Ty otdurther) E;lyers are w?t?ocﬁ?cé@ 15 principle,
protetfion tevides e eqrostisie twhichthresidissntckagésakt embelimsatkadect aisotesiansdderany

further layeysricularly safe protection against particularly high attack energy it is preferred that the

protection device comprises up to five tile packages.

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

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

in the form of further layers are introduced. In principle, protection devices are possible

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

The production method according to embodiments of the present invention allows the

production of complex total geometries, such as for example complete car doors, in few
20  simple process steps. It is not necessary to assemble reams of prefabricated individual

components in a puzzie-iike 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 embodiments of 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 expected. The side, which is directed at the object to be protected, is the ,object
30 side”.

in preferable embodiments the profection 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



The production method according to embodiments of the present invention allows the production of
complex total geometries, such as for example complete car doors, in few 20simple process steps. It is
not necessary to assemble reams of prefabricatedtindividual components in a puzzle-like manner.
Thus, this method can be conducted cheaply as an automatable process. In P@rtlcular no pecific

jointing cOMBBURKEERE W5 E ProlgRINCEN IS din P ATREIADE BT THR HIEL'ST 1 188St one tile
package geesfthenrenatarees bBtitablefibest niateritalsr areasilisi tabrats it of flokesipiarb@iaiibers and

ceramic 2 hels FRNICHBUL PIEN. A los bR BIISSOR oM 8 gt e cod, The

exposuré Sl rotection prepared according to embodiments o the present invention

is the sidé aM*ﬂdﬁﬁ@ﬁ@éo@ﬁb’Wtﬁ%%%}élﬁ H¥aipretsedsd ‘t@%’udl’l?p‘?h% terieediRy 5 RMich a

petergtlall)égﬁ{mt@ BXRRsMIeeatgsthe object to be protected has to be expected. The side, which is
directed at the object to be protected, is the "object 30side". In preferable embodiments the protection

devices Lo Elarr@ the esent | ﬂée@”ﬁﬁmcategg Qa%g%g%gq%r&mﬁ@e]%g@ure side of the

tile packages cover oar may be of different materials. The kind of the material of the

cover boa@é@éﬁ@ﬁﬁﬁ“%@ﬂﬁ%@%ﬁ&%@dﬁﬁ@@?tﬁeeﬁm‘fé@ﬁ%?\?fé@?c@‘terfn"fﬁij@;?améistﬁe PPotection
device is ygedAsRFORBRNSAY af @ bullenineihuestutheyaneasrbogrel s fabricatecbiefadfiexible

material, such as a woven fabric. If the tectl dev celis In.v brittle fragile
materlals tﬁ%wmg??‘ﬁ&t&%}?rﬁ%e%ﬁgu’&%r aH%lt?efbse W%@%r%}% fé?&ﬁ 2l Q%&ﬂ%;gatenal of t%le
coveroboaedsthdmab@fym@Em@V\boﬂrm’@ﬂam|haiﬁifwiﬁﬁ?%tﬁlﬂﬂéﬁﬁéﬁl‘a?@w%héﬂ?@ fHe first tile

package af the exposure side. Preferably, the thickness of the intermediate layer is 0.1 to 30 mm,
more preferably 1 to 22 mm and particularly preferably 3 to 10 mm. Preferably, the intermediate layer

D e melele el BRIl COmBYiHRS ANRRRRLRAERAARNTRES oiny
jeast one backing layer on the object s;de of ‘{he tile packages. The backing layer sup-
ports the protective effect, in particutar the complete deceleration of bullet fragments and
15 file spalls. Preferably, this backing fayer is a poiymer layer. Preferably, it comprises
polycarbonate, polymethyiene methacrylate, aramid fibers (fabric or woven fabric), keviar
fibers (fabric or woven fabric) or combinations thereof. In preferable embodiments the

backing layer 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 poiymer layer. Prefera-

bly, the intermediate layer comprises epoxy-based polymers, poiyvinyi butyrais, polyeth-

ylene vinylacetals, polyuréthanes 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 particies are iron
turnings, non-iron metal turnings and turnings of metal alioys. Preferable, the volume of
the particles is smaller than 10 mm?®. wherein the length-diameter ratio is preferabiy
higher than 2 to 1.

In a preferred embodiment the tiles of at least one tile package carry buriings on at least
30  one surface. The burlings are in particular buriings with eliipsoid dome-shaped form.

Preferably, the buriings 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 burtings has a tength of 0.1 to 1 mm, wherein the preferred distances of adjacent



mixtures thereof. In preferred embodiments the protection device according to the present invention
has at least one backing layer on the object side ofhe tile packages. The backing layer supports the
protective effect, in particular the complete deceleration of bullet fragments and 15tile spalls.
Preferably, this backing layer is a polymer layer. Preferably, it comprises polycarbonate,
polymethylesméng etieksratate, Saiamidniib Ens g fatefir arwdve hifdibde jalecsreantisdren fabtisusieatoven

fabric) or comhingtionsheepfshareiEiale smRedinerts dbrBackipssyriagnaigissehreveral

polymer layers. Preferably, the backing layer is bounded with the first tile package at the side of the
object 20V IR AURRAIS SN BTaREAEIS SRR eSOt eVRSRS RESE R AR RS itera- bly,
the intermegiatsflaget ceshptisesrepote based palythet s polpviadduatpfatesideolyethilefrriddylacetals,

polyurgtha\r)v%% e%rrg% res t'l‘]%é"%'?}ium Qrgﬁ%{&g embodiments the foil of the adjacent tile package
serves as an interme |ateﬁay r. A'preferable émbodiment according to the present invention relates to

a protection de- 25vice, which comprises tiles that contain metal particles. Preferred metal particles

; , |
are iron turhigie ReRKFERS ARG AATIRHIRGY ﬁﬂlﬁaﬂ}ﬁ%ﬁ%‘ésyf‘?ﬂ@fﬁ?@?o%?%&%%?@%eﬂﬁﬁ?ﬁe of the
particles istsenadiacéhatidOamenaihgramativettingi ipeligendieulzatiosisprefératslyphighettithan 2 to 1. In a

preferred epybodimant g el 8 eel 0B e isnaskans arRLu pas R Aldensi a0p g surface

The bur-linos are in particular burlings Ipsoid dome-shaped form. Preferably; the burlings are

arranged opetRehigyeddaaitiscarRsBA pRelyitiles it ejiut nateraa byt prfsaRintaldeasbaurlings are

0.1 toq d mrpaferiaeabhncthenseaimpiserfiscel e rlingsrhasradrngsly o bipiiksnoneiwherein the
preferred distances of adlacent - sonic isolation of the individual tiles in parallel orientation with
respect to the exposure area can be achieved. In particular embodiments no polymer is

present in the gaps.

Polymer material which preferably has been penetrated into the gaps because of capillary
15  forces due 1o the production process may result 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 pro-
cess 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-
anguiar base areas, wherein the board of the iile 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 embodiments of the present invention
it is also possible to use a glass ceramic for the 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 further part thereof. in preferred embodiments at least two of the tile packages which

30 are 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 flint glass are preferred.



7 burling peaks are 0.5 to 5 mm. Thus preferably, the burlings are arranged on that surface of the tiles
which is in contact with the foil of the tile package. @onsequently, high sonic isolation is achieved.
Furthermore, the sound and shock waves passing through the tiles are differently reflected from the
burlings, so that an interference of incident and reflected 5waves results in an optimum extinction. The
tile packagéssadipairticalashy cstivartafeve sigesrwavgetendisieistab elgemsaremetis theleittjacent tiles
are mainly ggranged in a perpendicular manner with respect to the exposure side. Advantageously,
due to the production method of the tile packages it can be achieved that the gaps are partly filled with
the foil materia) Byl preferably. gt jeast 2 10nar ah e anss natdoqplelel fledaniin fofl raterial.
Preferably, this aﬁpahes Al gaps. Thus, an optimum <onic 1solation of tHe individual tHes in parallel
orientation with resgaiite toixed exstsie theenatasyelaiingevkaban particular embodiments no polymer
is present in the gaps. Polymer material which preferably has been penetrated into the gaps because
of capilary 1% foresstiegaiaitaaptiosuaiiprgiecess mamiestiicitarpiangioapiechoref the tiles
among themselveg, T1e deguce. of infling wily Rolmer malerial depends, anne viseasiiyof the
material during then()roduc ion process and, thus, on the process temperature. The process
temperature is thenghiparaaserasizhicisanagenysrei®ingbonatadingthhhgchoard of the tile material.
Preferably, the process temperature is such high that the viscosity of the 20 polymer decreases to
values allowing, agesidlualavailtynet b gasecus: tonponestsiioadiecgaps/hietiteen thelitss of 0 to <100
% by volume, prefcrably 9,10 3% picalime parieyiarhyrelerably Qn. <1976 Ruolme, The ties
are prismatic and’prefera l\Iy avee[rlangu ar, quadrangular, penefago a or%ex-angu ar’base areas,
wheréfh the boardieff Bf@sle material is scored accordingly during the 25production method.
Preferably, the tiles comprise glass or glass ceramic, wherein in particular they mainly consist thereof.
According to etnbgidbnentsroicthef iesenbinvestidnitidsstiksatgnesibigttobsengpbtashoeransic for the
production of a payt of the tiles within.the protection device, to use a glass for another part and to use
another brittle fra%h% nr?]aaitge?fgﬁ%\%i%fﬁptﬁgeﬁppart thereof. In preferred embodiments at least two of the
tile packages which 30are arranged in the protection device have different tile geometries. If the tiles
mainly conSREIGHGIASEIBRYIRAE LSS, BErou A Q488 e AliRtstrdleiasy ALlsaH R,

chalcogenide wéagis,. crown glass and flint glass are preferred.

15 Glass ceramics according to embodiments of the present invention are preferably brittle
fragile materials produced by partial crystaliisation of glasses. In particular, “glass ceram-

ics” are materials which

a. have been converted from a glasslike info a partially crystalline condition by a

temperature-time treatment,

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

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

In comparison to ceramics, glass ceramics have the advantage that they can be pro-
duced cheaply, also in large formats, and that they have a low density. Based on ihe
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, polyviny] butyrals, polyvinyl acetals,
polyurethanes, polyethylene terephthalates, cross-iinked and partially cross-linked poly-



B The following glass ceramics have been proven beneficially as glass ceramic tile materials: a. glass
ceramics of the lithium aluminosilicate type, with high quartz mixed crystal or keatite mixed crystal as
the main crystalline phase; 5b. glass ceramics of the magnesium zinc aluminosilicate type, with spinel
mixed crystal, sapphirine mixed crystal, cordierite mixed crystal, enstatite mixed crystal, mullite mixed
crystal or depoarrhesans thelvpetrdiayesaliineissaixtuesdhess de FARIRIS Y tHee IRAYMEBIAthium zinc
silicate typgayvithadithinnrdisilicate; pagalite, lithium metasilicate or corresponding mixed crystals as the
main crystal- 10line phase; d. glass ceramics of the boron phosphorus silicate type, with boron

Ciicon o e B e e T R precent
invention dregsiigeradny beistearragiiel Matisiafsoproaeierrsfearial g/ dmamatprebgrissass in
particuar, yHASSHFRIANIGSs e JDaleEidleiasl RafayadRanaroaveteivm malassdimane a partially
e BB Al B TR S

with trapezoid or pentagonal tiles preferably they have base areas of 10 to 25 cm?. Pref-

erably, the tiles of one tile package have a uniform height. Preferably, the layers of tiled

and/or segmented brittle fragile material (tile packages), which are contained in the pro-

10 tection device according to embodiments of the present invention, have a thickness of 2
to 25 mm, more preferably of 4 to 12 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 located 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 may be 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 de-
struction and can also withstand a second hit which is near the first one. Only embodi-
20  ments of the present invention 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-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 device in a bullet-proof vest, a vehicle or a

building is also disclosed.



c. are at least partially crystallized by cooling a glass melt (crystallized glasses). In comparison to
ceramics, glass ceramics have the advantage that they can be pro- duced cheaply, also in large
formats, and that they have a low density. Based th the 25basis weight of a protection system, they
are comparable with ceramics with respect to their final ballistic effect. The polymer material of the
polymer fBHa&8ferably 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- 9 isoprenes and polybutadienes as well as mixtures thereof.
Preferably, the polymer foil has a density of 0.310 1.3 mm. Preferably, the tiles of the protection device
accordingEtQagt;Bﬁ)é)qiiments of the present invention have base areas of 0.5 to 25 cm2, more preferably
1 to 15 cm2. In embodiments 5 with triangular tiles these tiles preferably have base areas of 1 to 15

cm2. In egf%gircn?n%%}g hgg}g oengl tiles preferably they have wrench sizes of 15 to 50 mm. In
embodimehts With "t]rapezoi% or pentagonal tiles preferably they have base areas of 10 to 25 cm2.

Preferably, the tiles of one tile package have a uniform height. Preferabllyf trﬂe I% ri)gf liib,ed and/or
segnfentet BritRBSFAR thatBIRsr BRESAIIRRES) WHFEH Bre L BRTAIREH TA e B70” Thtection device
accordingAgoebodislc atsiafdhs presattingdition; mavesadhiaknesswt Mie2Ssaimore preferably

of 4 to 12 oy, Preferably, he (e Iselcoe A6i0hS.Qf Ada A2 b TaRse, s larali to 12 mm

wherein p?é?é@%’(ﬁ oard this thickness are accordingly used in the production method thereof. In a

particular eehBEGHIENS GPHHEOPrERBRRIVEREBAM Y MRRMARARPBESE RIENS FHhRrera! tran-

gles having an edge iength of 5¢ mm which corresponds to figure 1 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 tamination guidelines of Deerfieid on the
lower side of the scored glass ceramic board, which has buriings. Subsequently, the
scoring lines are exposed to tensile stress and the scored glass ceramic board is
fraciured along the scoring lines, whereby gaps and intersection points are created and

15  a 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 in DE 10
20 2008 050 263, a dimension of 500 x 500 x 8 mm” and keatite mixed crystal as main
crystaliine phase is scored with a 140° cutting wheel with the help of "Sitberschnitt
cutting solution”, wherein a pattern of mainiy equiiateral friangies 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 (Deerfieid Urethane) with a thickness
of 0.635 mm is laminated according to the lamination guideiines of Deerfield on the
iower 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 a ijle package according to the present invention is obtained.



15tiles are not located in one plane, but the base areas of adjacent tiles are tilted to each other by tilt
angles of between 0.1 to 300, preferably 1 to 100. Thus, in the case of bombardment it may be
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 embodi- 20ments of the present invention allows that protection devices with
such designed tiles can be provided in a cost-effective way. Non-segmented boards of brittle fragile
materials Hiengaterials, fiber composite materials, 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 20press W RABMEISHS RIIVRich ther castingesinmexperieacesf sressslinking

and/or harden-ing and develop an optimum adhesion tq the ar ich limit the casting resin layer.
The use dhah&HBoVE-desEALRY ’p?étﬁp&‘ﬁ‘éfﬂ ST eﬁf ﬂ&%ﬁo?oa%v(\ﬁb QXehicE or écbtﬂﬁding is also

disclased pddkEuamples Examplisdt Glassidegiaerité paigkageonesT Héalsppien sid@ vt glass ceramic
board. which hg=.,6amBositen inine HaNAE L:200600-263 adimgasign @h505 400 x 5 mms

and high quartz mixed crystal as main crystalline phase, is scored with a 135 cujting_.wheel with the
help of Sim@h@,éﬁmﬁr&&fﬁ@esaﬂ%&ﬁ@@t@éaqD‘tﬁ*f&éﬁ{ﬁ?ﬁﬁﬁ@?&ﬁvé“ﬁaﬁtgm‘%\eﬁ%ﬂ{&-gadﬁ?ﬁera triangles
haying an gdagpdeaathiat Sehmimiehigh s mespdsddifiguseyhis peoslmeedolymer composite

is 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.

Exampie 4

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

20 mm. According to the lamination guidelines of Deerfield a glass ceramic-polymer

composite is preparad. Its final thickness is 20.5 mm:. The basis weight is 42.85 kgim®.

This composite withstands a 4 hit bombardment according to the bombardment patiern
of ATPD 2352 P (so-called ,STANAG-T") with @ x 18 mm soft-core munition with 400

mis at & digtance of 5 m.
25
Exampie 5

A glass ceramic tite package A and two glass ceramic tile packages B are laid on top

of each other with an offset of x = -25 mm and vy = -50 mm (package A fc 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 tiie package, which is not offset. a fiber

composite mat of Keviar woven fabric (“Low Modulus” Keviar: density 1.45 giem®,



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,ithe scoring lines are exposed to tensile stress and
the scored glass ceramic board is fractured algng the scoring lines, whereby gaps and intersection
points ar&aysaredientiie SH NS PR %@H?ﬁiﬁ@‘éoafh%*%%%@?ﬂ%%?ifoﬁgig% nedPExample 2
Glass cergmigdile faskage R Thereppatsine of miglarsceramimbisaschwidt secdmpesition as
described in DE 10 202008 050 263, a dimensiqp of 500, x 500 X | L crystal as
main cryJTRMEEHIAENER rKar\R}ﬁ%‘”%“ﬁEBF ﬁrf?(l%nggaov 8&%&%&%? ﬁ@ﬁ?g "Silkl)(egélstlcjﬁ%ﬁ?tgzﬁting
solution”,vahiergia thipatess of Niimyreduitsstiactiattpdaningitxayeartingrieh Lepraelolids to figure 2
is produced, The hexagonshaveausenchs sizesais0 mymandikerrgdilstesa mangtes bavi an edge
length of 28.87 mm. 25A transparent polyurethane foil of the type A4700 (Deerfield Urethane) with a
thicknessW#61838 iR I<9/EMminated 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 forfensite sinissvatng sl scofatt Glasbaedaimn Beurtisdisdip P NBRY PRSEGHAT lines,

whereby %@&Sré@ﬂz'@Bez%eg&eamemt@mm@armﬂm@am‘ka packrga ocegtding: totietipresent
invention Is obtained. 11 Example 3
with 830 m/s at a distance of 10 m.



Two class ceramic tile packages A are laid on top of each other with an offsetof x=25mmand y =
-21,65 mm, as shown in figure 3. Below the foil of the glass ceramic tile S5package, 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 34.75 kg/m2. This
10compogits yriistandstaedfigubesbardment 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 mis at a distance of 15 m.

Example 4,154 glass,reramicdiemackpar Amphadings eeramisdienaskageB and tais e top of
each other with an offset of x = 25 mm and 0 mm (figure 4). Below the foil of the glass ceramic tile

pack_age,Wﬁi@ﬁiH%FW@@E,%fﬁ%%%ﬁﬂérﬁi@@'(f\’/f‘akrolon(r), Bayer) having a thickness of 5 mm is
provided laid on an interme_diate layer of transparent polyurethane of the type A4700 (Deerfield
UrettianeFiaving ahhickadis pickageomerndingsordingeseie iavsmiior etieetReS S S8 ield a

glass cerauicrralmeLicoraResie s preparedcits firaldhigkpessds 205 gaps. fbet basiseweight is 42.55
kg/m2. This composite V\élthstands a 4 hit bombardment according to the bombardment pattern of
ATPD 2358898ReAREMSTANAG-T") with 9 x 19 mm soft-core munition with 400 m/s at a distance of

5m. 25 Example 5 A glasg ceramic tile package A and two glass ceramic tile packages B are laid on
top of eachigther wittvaradifserefage apEoRiinGINd Je-PIsEERin(BRIRAGE MREFHE HREP4Rkage B) as
well as x %g@ﬁg%m%@@ mm (package A to second package B)

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 tites are arranged in an offset manner

such that the intersection points of the gaps do not correspond with sach other.

Figure 5 shows three tile packages according to the present vention 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 & shows a hexagonai-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 burlings 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 iayers
16 and polymer foils 17. One tile layer 16 followed by a polymer foil 17 represents a tiie
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 file layer 16, & polymer foit 17

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

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

comprising the following elements: cover board 14, four intermediate iayers 15, two tile

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



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" Keviar: density 1.45 g/cm(r) 12 having a tensile strength of
2800 N/mm2 and an elastic modulus of 59 kN/mrn2 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 (DueHielRl DVEEne PRa SR etk RENBHPT. S9ViRmAOCIRENG %ﬁﬁ@%ﬁhﬁ%&ﬂ%ﬁidennes of
Deerfield the Salnescesasnisopplymefcompositriisiprepareds |ts fiaadybickhessdy@8rSanini. The basis
weight is 64.6 lég/r_nz. Thistcgmﬁ)or(?ite _%vith tands P’z‘n4 pit bopébardment according to the bombardment
pattern of K§P Efggrﬁe@g-c 2 $'§ AN ?sbm(wﬂhaye& mm x 51 NATO soft-core munition with 830
m/s at a distance of 10 m. 13 Description of the figures The figures are for illustration of the subject
matter of tieuprdSestansehBtss BRBCHRE A8 ALARNR RIS YasjRcE RS fHAG H R MBI sFigure 1
shows a tilgnaakRge aseardingdo therpsesentinusationy eonmrisingtidangutat &ilesd bO)ywhich are
separated from_each other b S (12). T aps at intersecti ints. (D .-Figure 2 shows a
tile packgﬁgsa&‘o%nﬁopdstﬁ%%pgrg%gn%?r%\r/%an%r% n go#pgr%ﬁé IIt%'anlsgu air?‘gﬁ? h%wég@&]ﬁﬁgs.

board 14 is on the exposure side and the backing layer 19 is on the object side. The

layers which are identified with three points represent an arbitrary number of layers and
sequences, consisting of tile layers and polymer foils {16 and 17) or intermediate layers
10 and non-segmented boards (15 and 18). It can be seen, that the gaps of the tile packages

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



10Figures 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!tke ivftesbaretiare pigms 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 to the present invention,
having a wgench;gize of 15.0 mm with an ellipsoid dome-shaped burling structure in top view. The
semimajor axis of the burlings is 0.5 mm. The distance of adjacent burling peaks is 1.0 mm. 20For
iIIustrationI,ﬁin figl%g%g ngfl;(ﬁg;}% tile packages are individually presented as tile layers 16 and polymer
foils 17. One tile layer T6 tollowed 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 intermédiate RRfer 15, a tile layer 16, a polymer foil 17 25and a non-segmented board 18. The
individual tiles are arranged in a tilted manner. The tilt angle 20 is 10 to 100 . Figure 8 shows a cross
sectién of @ protectientdevice 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 beandsdsang.a backing layer 3019. 14 Figure 9 shows a cross section of a
protection device according to the present invention, comprising a cover board 14, four intermediate
layers 15,1a?]tile lﬂpéeira . a polymer foil 17, three non-segmented boards 18 and a backing layer 19.
Figure 10 shows a cross section of a protection device according to the present invention, comprising

a cover board 14, three intermediate layers 15, two tile layers 16, two polymer
potymer foil

18 non-segmenied board
i 18 hacking layer

20 titt angle



foils 17, two non-segmented boards 18 and a backing layer 19. In this case the cover board 14 is on
the exposure side and the backing layer 19 is on the object side. The layers which are identified with
three points represent an arbitrary number of layers and sequences, consisting of tile layers and
polymer foils (16 and 17) or intermediate layers 1Band non-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. List of reference signs 10tile intersection point 12gap 514cover board 15intermediate layer
16tile layewhdpskyianaedas: 18non-segmented board 1019backing layer 20tilt angle 16

1. A method for the preparation of a protection device, comprising providing a tile package,
wherein the step of providing the tile package comprises:
laminating at least one board of a tile material onto a polymer foil;
scoring the at least one board on a side which is opposite to the polymer foil; and
fracturing the board along scoring fines formed by the scoring to form resulting tiles,
wherein the resulting tiles remain fixed on the polymer foil, wherein the protection
device comprises at least two layers, each of the at least two layers comprising at least one
tile package each comprising a tile layer and a polymer foil, wherein the tiles adjoin at gaps
and are mounted together on the polymer foil, wherein the intersection points of the gaps of

each tile package are oppositely arranged to tiles of the respective following tile package.

2. The method according to claim 1, wherein the at least one board has burlings on at least
one side onto which the polymer foil is applied.

3. The method according to claim 1, wherein the resulting tiles are fiber-reinforced.

4. The method according to claim 1, further comprising arranging at least one cover board as

a further layer on an exposure side of the protection device.

5. The method according to claim 1, further comprising arranging at least one backing layer
on an object side of the protection device.

6. The method according to claim 1, wherein the resulting tiles consist of glass or glass

ceramic.

7. The method according to claim 1, further comprising using the protection device as a
component of a bullet-proof vest, a vehicle, or a building.



What is claimed is: 1. A method for the preparation of a protection device, comprising providing a tile
package, wherein the step of providing the tile package comprises: laminating at least one board of a
tile material onto a polymer foil; scoring the at least one board on a side which is opposite to the
polymer foil; and fracturing the board along scoriri@ lines formed by the scoring to form resulting tiles,
wherein the resulting tiles remain fixed on the polymer foil, wherein the protection device comprises at
least two layers, each of the at least two layers comprising at least one tile package each comprising a
tile layer ahch anpthlydrier failprapareimtbibatles satjpineaigapsrandiage mounted together on the polymer

foil, wherein the jntersectionpainisafdhe grpseherchileBackagaAum oppositely arranged to tiles of
the respective following file package. 2. The]Jnethod alccordin t% claim lf vyh ref tfg)(; at least one
board has burlin§<°8/2 ‘Fe%?é‘?%sﬁggﬁci’é’%rﬂtg WHILRER PER/MeT ToiriShasplied %e ﬁnﬁ( f

|
e method
accordingftdl:¢laim '1, wherein the resulting tiles are fiber-reinforced. 4. The method according to claim

1, further comprigie, aRARGIREhAL AeR% B GAVRIReatsfafAElie] iRyechananaxpasuse side of the
protectiontiqee}/;jeg(%iegb]'he method according to claim 1, further comprising arranging at least one
backing layer on an ob‘ject side of the protection device. 6. The method according to claim 1, wherein
the resulting tiles consist of glass or glass ceramic. 7. The method according to claim 1, further
comprising Ugisgntheop raiestion desie asveneampbe éetict dob uletpposesfauasyrevehicle, or a building.
17 8. A method for the preparation of a protection device, comprising:

10. The method according to claim 9, wherein the polymer is selected from the group

consisting of polyvinyl butyral-type, thermoplastic polyurethane-type, and ethylene

vinylacetaie-type.

11. The method according to claim 8, further comprising arranging the resulting tiles towards

an exposure side.

12. The method according to claim 11, further comprising using the protection device as a
component of a bullet-proof vest.

13. The method according to claim 8, further comprising using the protection device as a
component of a buliet-proof vest.

14, A method for the preparation of a protection device, comprising providing a tile package,
wherein the step of providing the file package comprises:

laminating at least one board of a tile material onto a polymer;

scoring the at least one board on a side which is opposite to the polymer; and

fracturing the board along scoring lines formed by the scoring to form resulting tiles,
wherein the resulting tiles remain fixed on the polymer, wherein the protection device
comprises at least two layers, each of the at least two layers comprising at least one tile
package each comprising a tile layer and a polymer, wherein the tiles adjoin at gaps and are
mounted together on the polymer, wherein the intersection points of the gaps of each tile
package are oppositely arranged to tiles of the respective following tile package.

15. The method according to claim 14, wherein the polymer is a flexible polymer foil.



laminating at least one board of a tile material onto a flexible foil; scoring the at least one board to
form score lines on a side opposite to the flexible foil; and fracturing the board along the scoring
lines to form resulting tiles that remain fixed on the flexible foil. 9. The method according to claim 8,
wherein the flexible foil comprises a polymer. 101&he method according to claim 9, wherein the
polymer is selected from the group consisting of polyvinyl butyral-type, thermoplastic
polyurethane-type, and ethylene vinylacetate-type. 11. The method according to claim 8, further
comprisingearraggisgdhedesdltingidrsiasartsran txfasitie sitienecl Bilfhesiaathbitbacterding to claim
L urther comeOlianel adia R B devies As-naarpaRIRmalapd ehparfyrst. 13. The
method ac?c;or mg to claim 8, turther comprising using the protection device as a component of a
bullet-prodfVéatetaia Renethod for the preparation of a protection device, comprising providing a tile
package, wherein the step of providing the tile package comprises: laminating at least one board of a
tile material onto a polymer; scoring the at least one board on a side which is opposite to the polymer;
and fracturing the board along scoring lines formed by the scoring to form resulting tiles, wherein
the resulting tiles remain fixed on the polymer, wherein the protection device comprises at least two
layers, each of the at least two layers comprising at least one tile package each comprising a tile layer
and a polymer, wherein the tiles adjoin at gaps and are mounted together on the polymer, wherein the
intersection points of the gaps of each tile package are oppositely arranged to tiles of the respective
following tile package. 15. The method according to claim 14, wherein the polymer is a flexible polymer
foil. 18



16. The method according to claim 15, wherein the, flexible polymer foil is selected from the group
consisting of polyvinyl butyral-type, thermoplastic polyurethane-type, and ethylene vinylacetate-type.
19 Method for the production of a protection device Abstract 5The present invention relates to a
method for the production of a protection device for protecting against slaps, stabs, cuts, ballistic and

compression wave influqpgas,a RPRRIgHSRNISENasus st b hismathadeand 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. 10 The present invention is characjgtizad by the use of layers that consist of a plurality of
tiles which constitute a device in combination with further layers that provides optimal protection even
in the case of several hits. Figure 7 15

5 The present invention relates to a method for the production of a protection device for
protecting against slaps, stabs, cuts, ballistic and compression wave infiuences, a protec-
tion device produced by this method and uses of the protection device. The protection
device may be used for the protection of buiidings, persons, in particular passengers of
venicies, and other abjects which may be exposed to the danger of damaging influences.

10 The present invention is characterized by the use of layers that consist of a niurality of
tiles which constitute a device in combination with further layers that provides optimal

protection even in the case of several hits.

Figurs 7



