FLEXI BLE BALLI STI C- RESI STANT ASSEMBLY The invention
relates to a ballistic-resistant assenbly conprising a
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at | east one |ayer containing a network of

hi gh-strength fibres. The invention further relates to

a ballistic-resistant article conprising said assenbly

and to a nmethod of making said assenbly. Such a
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of the Back surface of a ballistjc-resjstant
parts used for protective purposes, including different kinds of soft body armour.

Typically, the assembly or panel is inserted into a carrier, which can be constructed of
conventional garment fabrics such as nylon or cotton. The ballistic-resistant assembly
may be permanently attached to the carrier or may be removable.

Back target distortion, also called back-face deformation, is a term
used in the art to refer to the deformation of the back surface of a ballistic-resistant
assembly or article against the body of the wearer upon impact of a missile. An
impacting missile, like a bullet, may be stopped by the assembly, that is it may not fully
penetrate or pierce the material, but it may as a result of its high impacting energy and
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assenmbly or article against the body of the wearer
upon inpact of a mssile. An inpacting mssile, like a
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not fully penetrate or pierze the material, but it may
as a result of its high inpacting energy andshock, and
resulting local deformation still result in serious
injuries to the body or internal organs; commonly
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Numerous patent publications address reduction of trauma of
ballistic panels for use in soft body armour, which would omit use of additional trauma
pads. US 4413357 proposes an assembly of a stack of closely woven fabric of aramid
fibres, at least one ply of flexible polycarbonate sheeting, and a layer of a soft,
relatively thick, foam plastic (from front to rear or back side of the panel). In EP

131447 A, a trauma attenuating layer made from feathers, foam or felt is sandwiched



di sadvant age that they increase thickness, add weight,
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panel s for use in soft body3arnour, which would omt
use of additional trauma pads. US 4413357 proposes an
assenbly of a stack of closely woven fabric of aramd
fibres, at |east one ply of flexible polycarbonate
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assembly, i.e. the side opposite to the side facing the threat or impacting missile.

The ballistic-resistant assembly according to the invention provides
markedly reduced back-face deformation (and thus blunt trauma) without addition of
extra layers, e.g. a so-called trauma liner, which would increase thickness and/or
weight, while flexibility of the assembly is not or hardly affected.



bal listic protection and | ow blunt trauma. According
to the present invention, this is provided by an

w@swenidoy? wherein from5 to 50 nass% of the el POERPR05/007225

10

15

20

25

30
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el ements at nultiple spots distributed over their
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enclose the assembly in a flexible cover or envelop.

The ballistic-resistant assembly comprises a stack of a plurality of
flexible elements that comprise at least one layer containing a network of high-
strength fibres.

Within the context of the present application, a fibre is an elongated
body with length dimension much greater than its width and thickness. The term fibre
thus includes a monofilament, a multifilament yarn, a ribbon, a strip or tape and the



their adjacent surfaces with connecting neans. It is,
however, difficult to handle and further process a
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certain level of coherence,5the assenbly can, for
exanpl e, be stitched through, preferably as little as
possi bl e, for exanple only at the corners or around
the peripheral edges (in addition to the connecting
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copolymerisable therewith, such as propene, butene, pentene, 4-methylpentene,

octene.

Preferably, the linear polyethylene is of high molar mass; with an
intrinsic visocosity (IV, as determined on solutions in decalin at 135°C) of at least 4
dl/g; more preferably at least 8 dl/g. Such polyethylene is also referred to as ultra-high
molar mass polyethylene (UHMWRPE). Intrinsic viscosity is a measure for molar mass
(also called molecular weight) that can more easily be determined than actual molar
mass parameters like M, and M,,. There are several empirical relations between IV and
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articles. Suitable polyolefins are in particul ar
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ranged in a network of
In case of layers with such unidirectionally oriented high-strength

fibres, the element preferably contains at least two layers of unidirectionally oriented
fibres with the fibre directions in adjacent layers being rotated to each other; preferably
at an angle of between 45° and 90°, more preferably the angle is about 80-90°.

With a layer of unidirectionally oriented fibres stabilised with a binder
is meant a layer wherein the filaments are oriented substantially parallel in a plane,
which orientation is stabilised with a binder. Such a layer is also referred to as mono-
layer in the art. The term binder refers to a material that binds or holds the fibres
together and may enclose the fibres in their entirety or in part, such that the structure
of the mono-layer is retained during handling and making of elements. The binder



various configurations. For exanple, fibres can be
made into various different alignnents fromtw sted or
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knitted or woven (plain, twill, basket, satin or other
weave) fabric, or non-woven structures |like a felt or
a layer of stabilised unidirectionally oriented
fibres. In view of ballistic performnce, network

Cr%gfe%rig%aeht hLR g‘éﬂ %\bgl‘ié?j h%n&{s%rrﬁé 5@&\%'1}; ffértyxgﬁm?eré‘s a film, as
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hD@ﬂ%ﬁSs‘s’teramﬁdEl?nM@slp Bthe el enent preferably contains

at | east _two :é/ Sniregerrgefd Oe%odciﬁgr‘i‘tt {h%%%ég)‘ A {)@Whgﬁc matrix material,
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ayer in the art in r [ .
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nprefedalsly eslecteti asmidiremateniat. iFeom trengrioue bf/thermeplagiamtolymers,
35&}%{5 r}%tgﬁ% PH%HBIIngﬁ ﬁg%rﬂ%s,gq%}a?etef% r?l{ @/e?r%aﬂélgstfceélgétg%gric block
bedpddynners suciaas p@iylsdsm'uaedsemiyeimpémeeblutylanu-@olysﬁyaerfemr_rrs
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t matdhial. Weférabt?the omakr éarhts&ésseﬁf ally)ofaﬁmrlsra'@p%’cmglastomer which
and/or errb dl n teri

SPiTerab] UGPSR Er St O LR TR Tro 0 g & iggolaver,

OAndh4dh Jereld ﬁ106%§(d&érm|m<ﬂ|n|acq®rddncd:iwﬁ ASTWI DG38 at 25° C) of
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mat eri al n t her settln mat.eri

t!’i‘éh%ﬁ%@ﬁ}’ 809?(5 ipg Foaq%e inyenten alse gg ginsy iR @d&ﬂon? fhe polymeric

matrix material, a filler in an amount of from 5 to 80% by volume, calculated on the
basis of the total volume of the binder. More preferably, the amount of filler is from 10
to 80% by volume and most preferably from 20 to 80% by volume. It was found that as
a result, the flexibility of the ballistic resistant article increases without significant
adverse effects on the antiballistic characteristics.

The fillers do not contribute to the bonding between the fibres, but
rather serve for volumetric dilution of the matrix between the fibres, as a result of
which the ballistic resistant article is more flexible and has higher energy absorption.



two. The elongation at break of the matrix material is
preferably greater than the el ongation of the fibres.
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Sui tabl e thernosetting and 8hernopl astic pol yner
matrix materials are enunerated in, for exanple, WO
91/12136 A 1 (pages 15-21). Fromthe group of

t hernosetting polymers, vinyl esters, unsaturated
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Y ects on the antiballistic

ﬁﬁ\ge:}%a&fg ’P?ﬁ’gs eﬁeﬁ%ﬁ(hq ers do not contribute to the

bondi ng bet weEre ¢lbmehi rbaysm,rthbud:om;a‘tsheh aielition té thre fibrous layers a
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@ FtarRte BeRlprireeridedy SR maimiash ectaveniEas o sdon fims s
S‘uhlséraaltb:tﬂ&aﬂmbﬂﬁaﬂyroﬁﬁlayBl‘se nAd In&gaaélr@m%&iblllw thé ESdembly by

ﬂ@n‘t}ﬂqﬂreia&g% ir&y%%% e eerég-?rﬁ gltl-gg‘ r%;g n?a{;( e%érg%r %ut gan also
h:Ieﬂ(dﬂdSro)pa)rddse mono- | ayer is at nost 30

In the assembly according to the invention from 5 to 50 mass% of

the elements contain connecting means that interconnect adjacent elements at
multiple spots distributed over their surface, whereby the interconnected elements are
located in the rear side part of the assembily, i.e. the side opposite to the side facing
the threat or impacting missile. The rear side part is understood to be formed by about
75 mass% of the assembly from the rear face. These elements in the rear side part of
the assembly can include the last element forming the rear face, but can also be a



mass% nore preferably at nost 25, 20, or even at nost
15 mass% since the fibres contribute nost to
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contains two or nore |ayers9of fibres, the layers or
nono-| ayers are |linked or attached to each other over
essentially their whole surface. Such |inking or
attaching can result fromthe binder present in the
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ofratirhe tetide e de creasnbuti ats ocflemibéiot, ithegretatisa aumbat of sheets to be
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in t agr'b ac .
aNESTeRTIgEEd R dhereins Pe loleretaccolii hpy t he
I nt er connect etthekematisg meand magbedandontinepreadovei ttie surface,
part of the assenml i .e. the side opposite to the
E P PIBH ZoeHmaatterts or Rate: T oRTEeTad mesfi g ior example
s{id@allydbllow stralgisiaings, matalso chreedl e dr biycutdrau spirdl patiss %
of the assenbl]_ f rt?]m %he rear face. TheSﬁl elt.%gent S_|i 0
the rear side %%P? 5T CHUCHYRRERTS: EFRCTIFHY | SHtRaSE {RAY &l run
| asdenfilyrpndllel, Uufimag aldoterstan dnglesandthus ceossalash oler; for
acertai n nunber of | nter]ponr]%ft e,(g el enent s th@{% Sabl |
DR By MM e BPrSgeUPs Al Belbs Risstie arcpDisE t able angles
O?re?‘%bnﬁ)ﬁb% ofd, BrdréraBlylfRyieasout WB ke B0L ThEEIME of ediindcBeEmeans
0 e
thus may form typical structures like triangles, squares, stars, or combinations thereof.
Stitching or sewing is the most preferred way of applying connecting
means, like lock stitching, conventional chain or zig-zag stitching. Stitches can be
applied relatively easy, also through a larger number of elements at once, and the
number of stitches per surface area may be readily varied. Stitches also cover
relatively little surface area, and thus allow relative movement of elements.
The stitch length, that is the distance between two consecutive

points where a stitch thread enters the element in a stitch path, may vary widely.
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assenbly. Preferably, such other backing el enments or
| ayers format nost 25 mass% of the assenbly, nore

w@e@beoabt y at nost 20, 15, 10 or even at nostPGI/RPREIH07225

Sui t abl e connecti ng neans ade those that can nmake a

| ocal i zed connection between two adj acent el enents,

such that relative novenent of the elenments over at

| east part of their contacting surface is still
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Sttt mhemamd flewibiitypdfities a$®lmil1y, wkilqh lmaeqx/,es @rcztecttdmrle\Laj; aBnd

Syb RS BRI 0y BT e HEpALIIBE vl For
Shiamplee i ahe-elefmmb asserhlaly theella:yt 10i etldsrhents Liref abeutbanass%,
%ﬂta‘inhgg’nn%lctlin%wmregnsaih't NS form \of mf?)sgwfgfe pg{h%m:f‘ s{“ t2hes defining squares
of 5x5 cm.

In one embodiment of the invention, all elements of the selected
number of elements in the rear side part contain connecting means connecting them
together as one pack.

In another embodiment, the selected elements in the rear side part
are grouped into at least two groups of at least 2 elements, which groups contain
connecting means that interconnect the elements within a group. For example, in a
40-element assembly the last 10 elements are grouped in 5 pairs of 2 elements
containing connecting means. Especially in such embodiments, the paths of
connecting means, e.g. stitches, may be different for the distinct groups of elements,



The stitch length, that is the distance between two
consecutive points where a stitch thread enters the

webk@aeeo7i n a stitch path, may vary w del y. Sui PEGDER2005/007225

10

15

20

25

30

35

stitch lengths are fromabadat 1 to about 15 mm

preferably about 2-10 or 3-8 mm The di stance between
adj acent paths of stitches, or other connecting neans,
may vary w dely, for exanple fromabout 0,5 to 15 cm
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Sew ng an st an sevvi ng yarns or

claeerb@cumldogcetherabymoeéme@tmmeamobwtrt’eﬁponrtewbne mgiang (stitches)
YRl %&ﬂng@gﬁé@gﬁg £‘th¥ﬂ5\?n%g%‘vstmrm#eess%éﬂ armmhus

Str yarhs 1n lI"ayers of the ele
| covaripg eflarge pdrtefithediuniaer, ant aré 8ot Imvedtto (y:2:18 pattmments In the

e bIERAPHGE o Rk SRR (it RN oA TRR Jery high

r a@n density qualne ccmfnebil'r@ msamETtfiaf are paticuldrty ditahes oip proticated to

BTy A Al RELER (RIS ER ki dscusse.
mass% of the Téheaﬂbatm‘cfnttherrretatﬁsrte@tbaﬂgtlcmantﬁssembly
CEGHAT §r88 S EPPR SIEYSHATR PP ALIEL o8 ey
peataEoing @ametweenklof high- stveagtbrfibc&snﬁvbelteimét least &0 tmasis§ of the
CGFRE s QS3EEBl el o] BB wan
ediistamod betwieer adiabenttstizh pmmssr%at teast ationt ¢ o Ecdferaply, at least 75,
TEER, B B SRHY 58 RhOE R 5. Fygrer
| prefentedambaalirheres &m%hm sleoentshmosell®ets; doresnbiedernfilm layer, stitch
eI n ggﬂﬂ&cf‘ hrﬁré i"{tglg Q%ﬁ ranégﬁetrao'éfeagegarq Fet élpgnalogous to the
above described embodlments for an assembly wherein only elements in the rear side
part are interconnected. The advantage of such assemblies is a combination of low
trauma effect and good flexibility; while the bullet stopping power is not reduced. That
the stopping power is not reduced even if all elements are stitched is surprising,
because the inventors have observed in earlier experiments that stitching in the front
layers of an assembly increases the probability of a bullet penetrating the assembly.
Without wishing to be bound to any theory, the inventors assume this effect may be
related to the number of stitches on the front side elements being relatively low in the
present case, thus diminishing the change a bullet hits a stitch.
In a preferred embodiment, the assembly is made up of 2-4 groups
of elements that are interconnected with stitches, wherein the stitch paths in a group
run substantially parallel with distance between paths of about 1-10 cm and with stitch
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means that interconnect thd2elenments within a group.
For exanple, in a 40-el enent assenbly the |ast 10

el ements are grouped in 5 pairs of 2 elenents

cont ai ni ng connecting neans. Especially in such
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part are interconnected. The advantage of such
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. IV: the Intrinsic Viscosity is determined according to method PTC-179 (Hercules
Inc. Rev. Apr. 29, 1982) at 135°C in decalin, the dissolution time being 16 hours,
with DBPC as anti-oxidant in an amount of 2 g/l solution, by extrapolating the
viscosity as measured at different concentrations to zero concentration;

) Tensile properties: tensile strength (or strength), tensile modulus (or modulus)
and elongation at break are defined and determined on multifilament yarns as
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trauma effect and good flexibility; while the bullet
st oppi ng power is not reduced. That the stopping power

wo g006002972duced even if all elenents are stitchedEPH05/007225

surprising, because the inviéntors have observed in
earlier experinents that stitching in the front |ayers
of an assenbly increases the probability of a bullet
penetrating the assenbly. Wthout wi shing to be bound

" . :
01 b B A HIRANE AR5 RISl Bl e TS S00
el enemcrosgreiadgpeet! af $@%Inyin kodvinstron R& 14 cleswst ofdtype Fibre Grip
h o A _ . .
e AT B 850 o TR ALY b ity
gr oupdetermirgcasihegradient betweenr(t. 2 aod i Megitainl Ror calculation of the

it ) L : '
Subst g P Stdhath e lenbittoRES Wieclllell 16 ALY the fre, oo
aboutdeteriinashipyaweighing H Osnéttastdf fibigt Maloés nldoida ate daicuiatpd

d [ [ f ' nt

"ot atBaub 4 06e ot 6 B7 o PBE BT LIS ot
46 - 9(BalliEtie paduvamdrneg of assesnbiibs msdeterilined en 40X40rdnheamples with a

g e P LR AR AT B s

bal | iRé¢mingtoas.ifst assenmdiyt ofddyess isliatd asing flesblesiraps se at=upport

accordi ng. the jinvention. Ballistig-resjst o

oot ited St & rs S5 Her By el S {16 b3k BRtonp at about
aLFTDLH5°Cl ﬁﬁﬁﬁnﬁiéﬁe@t i_smueﬂﬁfied_éb?r_trﬁéalslbtlhg ﬂlfeGthatidrm'hdpﬁdin the
thereto, The .invention specifica rel ates to those .

ar t i Qackingeaterigl resulting fom, back fem%ﬂ%ﬁ'?tk?ﬂ illetspmpacting at

| eVe!436fé1@E\1ﬂ% QFY,F% cmlﬁffbﬂﬁ'th_@'édﬁe |oftﬁe€té§tdl$&mdtl§ This prlocedure is
required. er ical article advant ageous

Lo rsea onsmony SBedrp R 4 tor fvel Mo sReteatin, pe iarore severe
vari quglleds PiReetiny 8t Rdfe &ititdl lpeRpiPAspotd 1A etedRIF in the centre of the
wrists, knees, gs, etc. ich articles of

| e , Wh fer
pr ot MR a§ampst averggedtasima i f4gTim rQwerang negdl
be usRAefHtidnadn MK teshig a8EurASPIo daR8 NIJhRA.i nvent i on
further relates to a nmethod of making a flexible

7l | 18 @netheeseriosal exparieants e valke wae datepainediarad mm
def orpRAb&NIm foN m?—f—tél‘f%c%k@gblﬂlepdfr‘éﬁﬁlbYﬁémiPNoBéI?éhe%@)us to the Stanag

el ements conpri sing | east one layer containing a

net woA9R0Progadyre, $5We ran ¢ AsheBlastiiers backindonnect i ng

from5 to 50 mass% of the elenents, |ocated in on the
rear side of the assenbly by applying connecting neans
deomparglive expermest fi st ri but ed over the surface of the

el enents. The IaSh i i
ST Si b MRS e SR ety ol dbomens

e
equé fremtRynesma i Rakiangnetad fahrisdreadable Sem PyM Byneema, The
N&h&idriad). RS pRidtet hddn Rehitientty ¥ 88ut 145 g/m?, and contains 4

cross-plied layers made from Dyneema® SK76 high-performance polyethylene

multifilament yarn (of tensile strength 3.5 GPa, modulus 115 GPa; based on ultra-high
molar mass polyethylene) and about 18 mass% of an elastomeric matrix material; and
a polyethylene separating film on both sides.

The assembly was stabilised by single stitchpaths of about 4 cm
length in the 4 corners, and subsequently tested on ballistic performance as indicated
above. Results reported in Table 1 are averaged data for at least two independent



Preferred ways of perform ng the nethod of the
i nvention are anal ogously to the various enbodi nents

wale@enedet above for the assenbly of el enents. PATIEP2005/007225
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invention will be further dgHucidated with reference to
the follow ng experinments. Methods 1V: the Intrinsic
Viscosity is determ ned according to nmethod PTG 179
(Hercules Inc. Rev. Apr. 29, 1982) at 1350C in

desstlies 4t Ailsz80k ghbie forldvaE dx8Em8 1@hé‘?#& ct t%lt:é’lly fulfils NIJ
DBPC s anti-oxjdant in an anount o tion,

bireatiseh bl deAWEEBeS vi scosity as neasured at

di fferent concentrations to zero concentration;

TenS|Ie propertles tensile strength (or strength),
it 1> nmodul us) and el ongation at break

are defi ned aﬂﬁalgg&ﬁl rl?fer‘ﬂﬂem &ésfe'rﬂb?ﬁH?%ré’ﬁ%\Hé but the 36
asspecified in a nom nal

| @REERtsyyere REdiippally SHFChS@@"ﬂﬁ'ﬁh QOB NhcP gﬁ%enaﬂw of about 5

5&%‘ sddiadce BétWe@ﬁ paralié| éilkc,@arﬂﬁhs &faﬂoﬁpﬁo EbPscihl Was done
D5618C. On, the basis of the nmeasured sgress-strain

c\iith @ Agleripgltistrial Sewingemachin: daing Serafil® J0 Raivester yam as sewing
bl%?é’ﬁle(as @br@h@@ Qorhgr §t‘it&ﬁ’és‘)‘ TH:eQ’fexFl?Jﬁﬂt)ﬁ(914 tﬁk'a@@erﬁf)lytv% markedly

nodul us and strength, the tensile Torces neasured ar e

dievegiban 9 Corw. ExR-rd, asa@,dgyétbéfrm@m%y bgndiRg Hie asgernbly in various

N&FchonL Bafiisie ?estanaéMﬁ\%d' rﬂor@gv%rlé‘tffm @%‘aﬁHJaEI'ES.FI saﬁﬁ‘dlJ MoP§ shots

a density of 0.97 I bres |s I C

pleilly B?'??érﬁé@tbﬁ aﬁ%@“@hﬂﬂslﬁ%ﬁ'r@méterm ned on 40x40 cm

sanples with a test procedure according to Stanag 2920

u3| ng O 44 I\/Iagnum SJHP bullets (from Rem ngton). An
RHERIVEE v@nfitked using flexible straps on a

supprt fill eéx 7 rifentR s%ééétééj '%&g%@ﬁb%_%e%eﬂr féh 'paths was

whi ch was precondl ti on at’ about rauna e

i decirpsati Reudfs iy Taklad dndieaje thead thertormaneffent tanslg daincrease.
tlh?re%@&kﬂ '?)98%?\5@%%' rrcft %&BF&& R Q%Qﬂgg&g@ﬁ%netra ed in case of

or maf i on ets acting at
7D H-lexillity warsrjudgedHe b@dg@aﬁﬁecneesecb@ camapgree witihing previous
gﬁggﬁ@ is based on the NIJ standard O 10 1.04 for
Iev I'HA protection, but is nore severe (bullets
|npact| ng at nore critical peripheral spots in stead
xdntbid e centre of the sanple); a sanple show ng
V’E’%’é‘traum& of 44 mmor |ower and no full
penet r at i ons Analegrauslytte experinent duassembliespusre miade, bkirthe last 12
dé'ferﬁgﬁ’tg ngdhe?rgéll 35’%8{ thS’éQ&énHB]‘f%Fe étﬁ&e\ﬁﬂroﬁah l&?os@@lf%e with a
distance between parallel stitch paths of about 5 cm (defining squares of 5x5 cm).

This way of stitching was found to result in only slightly lower flexibility versus the non-
stitched reference; both by manual judgment, as well as by measuring bending down
under its own weight of 20 cm assembly protruding from a support on which the
remaining part was held. The ballistic performance, however, is significantly improved:
the trauma effect is markedly lower; and all bullets were stopped (Table 1).

Example 2

Example 1 was repeated, but now the last 12 elements were
stitched in two groups of 6 elements, whereby each group was stitched in one
direction with distance between parallel paths of 5 cm, and whereby the stitch



Parabel | um full netal jacket bullet (from Dynamt
Nobel ) anal ogous to the Stanag 2920 procedure, using

w@200a00297Ache pl asti ne as backi ng. Conpar at i vePCT/EP2005/007225
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experinment A An assenbly wa$ nade by stacking 36 plies

of 40x40 cm el enents cut from Dyneema (r) UD- SB21

| am nated fabric (avail able from DSM Dyneena, The

Net herl ands). This UD product has an areal density of

a . - .
e e B S e L S O dboar to
mower pérceirechtlexjhility of tie assemblye strength 3.5 GPa,

nodul us 115 GPa; based on ul tra-high nolar mass

pol yet hyl ene) and about 18 nass% of an el astoneric
nexamlesi8andidal ; and a pol yet hyl ene separating filmon

I

oti tonpatns ofiiact A2 Faehitied BREnGH 1 09 Selements were
seiitcrequesstitting fregtamcbatter tralira peifompece Glhutiets ﬁcgppe,d). Flexibility
| ¢ l..ar e
% FBLERAR TS SR IR SR bR bRRRE Sl Be, | o
and at | east 4 shots for every assenbly. The product
t%%rﬁrﬂéi ¥.qpulfils NIJ threat level IHA requirenents.

experi ment B Anal ogously to experinent A
assenbl i es wekExamplde ] abdt2 weére rg@ateck ehinew therdistance between
P bRl o P AU BREN Sl b e
spercaieciiaxitslity bf the@ssertBiesnat ISast nohinagbigususl cxationi letween stitch
A L T T i T
t tests4Tloodatarin $able droesjirm Heamptayeimient inttsauofa parfosmance as a result

A=ty BnBEPET e g 1 ho- assenbly in vari ous

directions. Ballistic testing showed nore variation in
trau ies>|<tei 1 of 8 shots fully penetrated the

: e 1. Conparative experinents C and
D Experi nment I8 tinaseriepefabe@drimbents tith sffexh obappdyingestitches to the
V\?/as decr eased.

stitch paths esults .in Tabl e
87 oA 2 ey s R RSkr Bt ol b ng plgiements of
Misembiies cahtaihing 24 ipties ofvix40eh Byrepped UDHSB2] (Ritobb&ut 5 cm
shots full enetrated jn,case of D. Flexibiljty.
Sdiagaer bembe® EliFh RahSloaruElin Sombublts sither AT Between the
pstigati saidlss, @x pathestitties. Braagdetinients were performed at least three times.
If shot between stitches an average Vs of 508 m/s was found; whereas shooting
assemblies right on the stitches resulted in an average V5, of 425 m/s.
These experiments indicate that presence of stitches in the front
side elements reduces bullet-stopping power, and further demonstrate the advantage

of only interconnecting part of the elements in an assembly in the rear side part.



wWoee/06297t ched t hrough crossw se,

Anal ogously to experinment A assenblies were nmade, but

the last 12 elenents at the rear side of the assenbly
with a di st aPCEEP2005/007225
between parallel stitch patllés of about 5 cm (defining
squares of 5x5 cm). This way of stitching was found to
result in only slightly lower flexibility versus the
nonstitched reference; both by nmanual judgnent, as

wel | as by neasuring bendi ng down under its own wei ght

of 20 cm assenbly protruding froma support on which

the remaining part was held. The ballistic

pgghienmance, however, is significantly inproved: the
trauma effect is nmarkedly lower; and all bullets were
b EQbdMRbrkt ram,@ssé‘)nblmlté‘ﬂsét%a”pi €1 Was Tepearel gaysy
put' now the jlast 1 elenentslmere stitched in two pgbgggwnm
Foups o © %Wé}l S ﬁ’éﬁl chrgroup was—Sti “"g\ﬁ’/erage NIJ
n one dlrecQ%%W Jﬂ?ﬂy;tanc etween parallel paths, .2 | /evel
of 5 cm  anc er ef stitchdirecti on was rotate,nnv TIA
2 Te—S9 g The—stitchimg—did oy
a%%@?r cmer percélvec eX|b|I|ty of the assenbﬁ? Pass
ey (o bt .
no?vﬂ he'l"ast g el en@n S vé%féie'? h*g%scquj ésJWl{:'lﬁng |n44 Fail
Wb?tt" tratra e ot f DY ppeth :
Pb 1“?-?3/ 3 S Jucg ?&i%ﬂéﬁs’sqr?ﬁﬁwéﬁ’e$8vel as | FRe Fail
n“seml F hnf nre St 1 L II II!: I S 5 o Ex .
A8 R & Beat ed, 5; ﬁ%%@%l%ﬁ’ﬂ@@%g%en 50 Fail
Qf:tclﬁ nat hs WaS 4’ . B r\m Thﬂ eflfr‘hl hﬂ PII ‘j
[ xa ﬁgar {{#si gni ﬁ%ant I(I;?' gmﬁgt,scgpmse 41 Pass
Laxihili f\/ of the accan't S‘L'@"ICG | aag_t_n_g_u_n_and'\ ghoys
[ EXAPRISR bet|ien sf|idZh paeRt Q]*%'%lﬁ@'étsa?ﬂialfql s I | #9 Pass
ould be derdived frdom man®Am distange:905Kotated hendi ng
t Bsaaple he da i n |Pabl e Laéfcﬁ@'PmﬁﬂtSh@’OﬁWﬁ@@mnt B3R Pass
trauma perfaormancelas a i &igfanceof this partly
cbxateRle dng ébhod. |Gohpar éﬁst@@mentﬁmﬁréﬂ@wmﬁ hi 89 Pass
series of experinents theSant distanog;, Wipdtetedg stitches
t oxanhde br ont| 36i de 0f5,2an adestfhélgments; aesagsed,3 dy | 39 Pass
crosswi se stlitching all eldstantes of assenblies
cExargplebng 2486pl i es 5F 40xdast 4 diymemtsgiaralleUpatiB21| 38 Pass
(wi th about |5 cm di|st ance 4tsetmeiarrt] d®hopedds) .
Fexamiysié 7um 9 36m bulllset s \Weest eélbmentsf croeshibeb\sean | Be Pass
stitch pathg, or on the suistsHees. The experinments \were
PEXdngleed all 3geast |y ee | Lnsep4 elements; parallel paths | 39 Pass
2,5 cm distance; 90° rotated
Example 9 36 52 Last 8 elements; crosswise 1 cm 36 Pass
distance
Example 10 36 5,2 Last 4+4 elements; parallel paths 38 Pass
1 cm distance; 90° rotated




If shot between stitches an average V50 of 508 m's was
found; whereas shooting assenblies right on the

W@ Ri0bob37 resul ted in an average V50 of 425 m BCT/EPm8®007225

10

15

20

25

30

35

experinments indicate that pfesence of stitches in the
front side elenments reduces bullet-stopping power, and
further denonstrate the advantage of only

i nterconnecting part of the elenents in an assenbly in
the rear side part. Tabl e 1CIAIAIS].

Bal | i stic-resistant assenbly conprising a stack of a
plurality of flexible elenents conprising at | east one

| fyer cpAligichEigtant é‘éﬁe\‘\m}kcd?rﬁprf%lr%rh‘ §5€I@6‘I‘E Blufdhﬁf &Slexible

characterized in that from mass% of
el enent ¥ePEAELHONREISING S Isagtenedayss containinga @fetymﬁh ethigh-strength

adj acenfipres @RBFicierdbd Mihhi e 536 8D $ndds st & Jtﬁ?’%@%éﬁ‘l’seéontam

their surface, whereby the interconnecte enents are
| ocat edcanAeEting Maans Watisteranpegfadiasentajemanisyat multiple spots

the si d&stﬂ@ﬂ@@'&@r l‘n@lr%nﬁac%' Wﬁeﬁeﬁ? 'tﬁwlnferﬂé‘oﬁngﬁt%atelé?ﬁents are

| rrpactl ng m ssil . 'y according t [aim1
wher ei nogated n qbpé@,arrﬁéﬁﬁep%rt @féh% psserndtly. éggthe Sdﬁe epposiig i the side

about %aéﬁgthéthréﬁ%ﬂm&ééuﬁqﬁmgsﬁé ng to any one of
clainms 1-2, wherein the network of fibres is a woven

fabri c.Assemihsacasrding iceiaian hyheeein e files bavecd tengile strength of

1-2, whgneddp abbg 2bpHENt contains at |east two layers
of uni dlrectlonallﬁg oriented fibres with the fibre

d¥-r ect i Asieembly arfortiegito anwyeseof plaingy T-2owhetsin the nedwark of fibres is
ot her. Pwolss %gm:y according to claim4, wherein the

| ayers of unidirectionally oriented fibres are

st-abi | iAssemiiiv accardinghideany ape oAslensl-2, wbersindthaglarcenigpntains

one of é"cll@ésf'ﬁzvqlra%rsvﬁ GhRirfetons ﬁr%ﬂﬁ{?}itﬂbfré’sr \Mf\ffhe fibre girections in

npri ses a ayer on one outer
Asserrbl%ﬂ]@f@@biawrﬁ@e!r@ ratajecioeach offlesi ms 1- 6, wherei n

thie conQeh Cackef %ﬁ%ﬁeﬂwhﬁ@%ﬁﬁﬁ of Mdlﬁébﬁlgﬁﬁﬁ oriented

area of an e
of cl aiffipsesiarg staftifisediwithtaindasnnect i ng nmeans are

$.it Ch%se%blyai&smﬁ; aa?&%Q'o'ﬂglafr& f‘gywﬁélr‘élngﬁwe%lléﬁém further

1-8, wherein-"the co rng nmeans are
adj acercton‘;millshsalﬁlmvia)’gr an dmsolalmtleomemace% to 15 cm

\bgér o ﬁ@?Eou %8%% atng oﬂ?%f QIQ?nso‘f GC\;vﬁlér%ﬁ tﬂ'le%onnectlng means

cover at most 10% of the surface area of an element.

8. Assembly according to any one of claims 1-7, wherein the connecting means
are stitches.

9. Assembly according to any one of claims 1-8, wherein the connecting means
are placed in adjacent paths having a distance from 0,5 to 15 cm.

10. Assembly according to any one of claims 1-9, wherein about 10-40 mass% of
the elements contain connecting means that interconnect adjacent elements
at multiple spots distributed over their surface.

11. Assembly according to any one of claims 1-10, wherein the interconnected
elements are grouped in at least two groups of at least 2 elements.

12 Ballistic-resistant article comprising the assembly according to any one of
claims 1-11.
13. Method for making the assembly according to any one of claims 1-11,

comprising stacking a plurality of flexible elements comprising at least one



the el ements contain connecting neans that

i nterconnect adjacent elenents at nultiple spots
wale@bnodor ed over their surface. 11. Assenbl y BCT/BPIOFQT7225

to any one of clainms 1-10,18herein the interconnected

el ements are grouped in at |east two groups of at

| east 2 elenents. 12. Ballistic-resistant article

corrpri si ng the assenbly according to any one of clains

1-1 Mﬁ%ﬂﬁ\g g ﬁ’étwﬂﬁ(kdf AL naHSTNes, )éné%@fc@hﬁé]:tlh@ from 5

any one o cla , npri si st acki ng
pl ur al ite §0 ofassYeesditi @leme@ﬁémaéecwrﬁ%? r%ﬁrﬁtgieaftarq @é@ﬁ assembly, by
onel ay t AekWhiiple Hohdistiberatdvef ihBls@fface of
and mtgéf)@&ﬁn%bﬁ%ﬁgg?n om5 to @egn%ss % of the el enents
| ocat egaidrelementsear side part of the assenbly, by

plyi Ij Bk tHe! ®nhB&tny means are applied b
3P'st ri Lﬂﬁé{tﬁ%{%%?&{@ted@ﬁﬁ?g?e of Isal d g erren%ts 14. PP d
Met hod stitsbwgdi ng to clai m 13, wherein the connecting
means are applied by stitching.



