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25  relation to the fibre component of the two layers connected to each other.

A ballistic-resistant assembly is generally not used per se, but
applied as part of a ballistic-resistant article like a bullet-proof vest or other shaped
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

30  conventional garment fabrics such as nylon or cotton. The ballistic-resistant assembly
may be permanently attached to the carrier or may be removabile.

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 ilﬁpact of a missile. An

35  impacting missile, like a buliet, may be stopped by the assembiy, 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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sheeting, and a [ayer Of_e\?el ﬁ?ft rau’rnour is typically used by police officers involved in high-
risk operations, such as warrant service, hostage rescue, and protective tasks. In
practice, performance of such NiJ certified ballistic vests is often further improved by
25 fitting an additional trauma pad or plate (usually 8x5 inches) on the chest, because the
maximum trauma of a level lHIA vest (44 mm) is felt to be too high. Trauma plates can
be soft and made of the same material as the protective panels in the ballistic vest, or
rigid and made of different materials, including metal sheets; but all have the
disadvantage that they increase thickness, add weight, and decrease wearing comfort.
30 Numerous patent publications address reduction of trauma of
ballistic panels for use in soft body armour, which would omit use of additicnal 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
35 - 131447 A, a trauma attenuating layer made from feathers, foam or felt is sandwiched
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proposed constructions indicated above generally contain additional layers that

increase thickness and/or weight of the assembly. There is thus a need in industry for

a lightweight ballistic-resistant assembily that combines flexibility with a high level of
25  ballistic protection and low blunt trauma,

According to the present invention, this is provided by an assembly
wherein 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

30  assembly, i.e. the side opposite to the side facing the threat or impacting missile.

The baliistic-resistant assembly according to the invention provides
markedly reduced back-face deformation {and thus blunt frauma) without addition of
extra layers, e.g. a so-called frauma liner, which would increase thickness and/or
weight, while flexibility of the assembly is not or hardly affected.
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further process a stack of layers that lacks any coherence. To achieve a certain level
of coherence, the assembly can, for example, be stitched through, preferably as lifile
25 as possible, for example only at the comers or around the peripheral edges (in
addition to the connecting means in the rear side elements). Such connection means
are not applied to affect ballistic performance or trauma. Another possibility is to
enclose the assembly in a flexible cover or envelop.
| The ballistic-resistant assembly comprises a stack of a plurality of
30 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 muitifitament yamn, a ribbon, a strip or tape and the
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20 Suitable polyolefins are in particular homopolymers and copolymers

of ethylene and propylene, which may also contain small quantities of one or more
other polymers, in particular other alkene-1-polymers.

Good results are obtained if linear polyethylene (PE) is selected as
the polyolefin. Linear polyethylene is herein understood to mean polyethylene with less

25  than 1 side chain per 100 C atoms, and preferably with fewer than 1 side chain per 300
C atoms; a side chain or branch generally containing at least 10 C atoms. The linear
polyethylene may further contain up to 5 mol% of one or more other alkenes that are
copolymerisable therewith, such as propene, butene, pentene, 4-methyipentene,
octene.

30 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
difg; more preferably at least 8 dl/g. Such polyethylene is also referred to as ultra-high
molar mass poiyethylene (UHMWPE). intri_ns'ic viscosity is. a measure for molar mass
(also called molecular weight) that can more easily be determined than actual molar

35 mass parameters like M, and M,,. There are several empirical rélatio‘ns between IV and
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maj or part B'f'k?cﬂ ll @ﬁ(ﬁgsg\mﬁotqermg) fé‘ﬁﬂcvﬁﬂ' BrYPeRe wef t
fibres for rrsmmm@rk@alfétt mdla stumasB@umuméushéiwtehtedméesn viehWkgr the

i weave. { aBAIRIE PerTRGasE. BRWON e doeb P Htol P NBECE PO oot od .
hi gh- st2Gengiraintyf drieintsd intdne direelighdre pF&FbRER IEXEMPRAHRINEST nt ohl@@fdludeBlydrayer s
of unidir ec(t) umcf1 recy or?arlly %nentgd fibres stabilised with a binder, but also woven structures
wherein the high-sirength fibres form a major part of the woven; e.g. as the warp
fibres, and wherein the weft fibres form a minor part and need not be high-strength
fibres; like the constructions described in EP 1144740 B1 or other wovens referred to
256  as uniweave fabrics. :
In case of layers with such unidirectionally oriented high-strength
fibres, the element preferably contains at ieast 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°.
30 With a layer of unidirectionally oriented fibres stabilised with a binder
is meant a layer wherein the filaments are oriented substantlally paralle! 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
35  of the mono-layer is retained during handling and making of elements. The binder
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styrene-i sopLgRgs SLYARBTURRNISERAMSGIT accordance with ASTM D638 at 25° C) of
less than about 40 MPa. Such a binder results in high fiexibility of a mono-layer, and
of an element and their assemblies. It was found that very good results are obtained if
25  the binder in the mono-fayer is a styrene-isoprene-styrene block copolymer.

In a special embodiment of the invention, the binder in the element
in the assembly according to the invention also contains, in addition fo the polymeric
matrix material, a filler in an amount of from 5 to 80% by volume, calculated onthe
basis of the total volume of the binder. More preferably, the amount of filler is from 10

30 1o 80% by volume and most preferably from 20 to 80% by volume. It was found that as
a resulf, the ﬂexibility of the ballistic resistant aﬂicie 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 resuit of

35  which the ballistic resistant arficle is more flexible and has higher energy absorption.




I.n a special enbodi nent of the invention, the binder in the elenent in the
assenbl y aw@ogodiooy7t o the invention al so contains, in adpitiEpiesaihe
polyneric matrix material, a filler i® an anount of from5 to 80% by
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Suitable filnms 1 nclude th or exa or even
| ess than 1‘?3’9{90'?8@“1%?%& Prﬁfﬁtﬁé’f}‘fz et her m)pl ast ic polymers |ike

pol yol e3g ns, e.g. pol Yet'ﬂﬂ)é efifent RRYERIMELAPRAsSin bB&LSN KR kBRI Sayers a
film layer on one or both outer faces. Suitable films include thin films, for example of
less than 20, 15 or even less than 10 micron thick, made from thermoplastic polymers
like polyolefins, e.g. polyethylene, polypropylene or their copolymers;
polytetrafiuoroethylene; polyesters, polyamides, or polyurethanes, including

25  thermoplastic elastomeric versions of said polymers. The advantage of such films is
further stabilisation of thé fibrous layers, and increasing flexibility of the assembly by
facilitating relative movement of elements. The films may be non-porous, but can also
be (micro)porous. ,

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

30 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 assembly, 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

35 the assembly can include the last element forming the rear face, but can also be a
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known in the art# B@_dﬂgg&s as, a connection can be nade w thout [|oosing all
t

rel ative noveRfEAY © algugrage arppietermep giver g fey 'P@%%@?S hayingebhigbet i ng
nmeans are di génidith bf eshrdégfg fleansurface. Miltiple small spots of connecting
means ead over the taot aI surface are preferred over a few | ocal areas

havi ng a igh density of "¢8iRicihefgnReding means morsrat amsy 20% theostiriasei ng
means cover a’earwah e%?ﬂ(grﬂfmbr&q@référéwﬁtm@ét% 4, 528, &4&'@%% moSPI%. ﬂ‘f%ferab' y
at nost 15, ? 9-205 E @\) nDSt, % The |nventors serve
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to decrease talimatedds o g¥érBhdd bt alsId’fléxibﬁJtyatHé/r%idﬁUé"ﬁﬁﬁtbQF ofheestobe De
I nt erconnected can therefore be | owered accordlngly 20 The connecting

means may beNPEERIBRFEISHR drTeir pe omered /ecqedindly-but may al so fol | ow regul ar
patternsoor paths. The cPRag&iricREndRanss MR bk PanddRMBbRad over the surface,

but may also follow regular patterns or paths. The connecting means can for example
virtually follow straight lines, but also curved lines, or circular or spiral paths.
The paths of connecting means, especially stitches, may all run
essentially paraliel, but may also be at an angle, and thus cross each other: for
25  example as two or more groups of paralfel paths crossing each other. Suitable angles
‘are from 10 to 90°, preferably from about 45 to 90°. The paths of connecting means
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
30 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.




virtually follow straight lines, but also curved lines, or circular or
spiral paWes2008/p29Tat hs of connecting neans, especi al | y FOIT/ERA005007208y al |
run essentially parallel, but may al 46 be at an angle, and thus cross each
other, for 25 exanple as two or nore groups of parallel paths crossing each
other. Suitable angles are from10 to 90, preferably from about 45 to 90.
The paths of connecting neans thus may formtypical structures |ike
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20 or impacting missile; more preferably about 15-35, 17-30, or even 18-25 mass% of the
elements contain connecting means. This provides a balance between reduction of
blunt trauma and flexibility of the assembly; which improves protection level and
wearer comfort of an article comprising such assembly, like a bullet proof vest. For
example, in a 40-element assembly the last 10 elements, i.e. about 25 mass%,
25  contain connecting means in the form of crosswise paths of stitches 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. _
30 In ancther embodiment, the selected elements in the rear side part
are grouped into at least fwo groups of at ieast 2 elements, which groups contain
connecting means that interconnect the elements within a group. For example, in a
40-element assembly the iast 10 elements are grouped in 5 pairs of 2 elements
containing connecting means. Especially in such embodiments, the paths of
35  conhnecting means, e.g. stitches, may be different for the distinct groups of elements,
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85, 90, 95 mass% or even all elements are stitched together in groups. Further
preferred embodiments for the elements, mono-layers, fibres, binder, film layer, stitch
surface density, stitch length, stitch paths and their orientation are all analogous to the
above described embodiments for an assembly wherein only elements in the rear sids
25 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.
30 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
35  run substantially parallel with distance between paths of about 1-10 cm and with stitch




el enents are stitched together in at |least 2 groups of at |east 2 elenents
w th a 20w stoeneerbet ween adj acent stitch paths of at |pewkp@bgod72ds cm
Preferably, at least 75, 85, 90, 95 mass%or even all elenents are
stitched together in groups. Further preferred enbodinents for the

el enents, nono-layers, fibres, binder, filmlayer, stitch surface density,
stitch length, stitch paths and their orientation are all anal ogous to the

above describe od| s for .an _assgnbl. r I he
rear side 29° T)‘ﬁpto 3'?%‘“ Bbﬁﬂ%&“!‘@%?‘" %c&{,}%%? ad@%&eﬁﬁgﬁﬁﬁggﬁ #%&s is a
conbi nati on ffanl=Hige csfra%aw oaérﬁoeg feraBly @a@m 48-80¢i Whé laﬁvantargj‘é dfesuche bul | et
st oppi ng power is not red hat .t he stooppl ng IS not sducgd even

if all el emasesmRlyds §tfwtﬂ@ﬁ@aian§m9ef bigh buiigg st rt'ﬁwtﬁ’%ﬂ%% goR
observed in feajfiyer experinents that stitching in the front layers of an

assenbly increases the probability of a bullet Fenetratl ng the assenbly. 30
W t hout  ®i shing to be bolhfinventianjurthes flstes ip baliisicagpeistast ariglgsnatni s ef f ect

may be rel glaghike ah%%séﬂﬂlﬂf?%ﬁcc%mﬁtté Er@hﬁ@erf%ntMIlgtiﬁ:Qéélst%hﬂﬁ'hélb@mmd% bei ng

relatively |low'in t reSent case hus_di m ni shing t ecaneabullet
hits a st | tmdwaﬁnaurpe&we@raﬂé@oféhﬁ@waw like fhasltefpsaofyests; %Utr?éﬂGOUB"'@ﬁd

groups of ef&aENRe ‘im{'ltirgr{sé'pécﬁfcsl Jgrg][&g%tziﬁﬁ?é@ érﬁcléf WBEII%%XI fei n the

stitch pathsma y parallel wth distance
bet ween pat mrrrhina@powthlaum tavelamrmtmtwnsesnaﬂaﬂmbvemwwmwred Other

PCT/ EP2QQS/ ngéﬁﬁrtlc?e% th& ?n%&e&g%se]théés%b!g%ad{m%@% ﬂ'letlH@er?lBht ch paths

of adj acent groups are rota at “an angl e bou 90, preferab
about 45- 90.incliie watioas Prajective pats for emﬁn@‘nquldegs,amatﬁ.kn@@s tb%QSaﬁtcmvﬂﬂ@h hi gh

bul l et st oppifg, LAy gt Dirld oy b G atigent 1 on
further rel %{[es t&y%gmté& chgraem stpant a?%?lgp ¥rpr|use anmgsenbl y
accordi ng tmrotrheg pngpattinn. Bal | i stic-resistant art | cl es I ncl ude body

armur, especi al Iy Sof t fiach R itret HIGePH b BetRELE G 81l ore o

t
l[imted thereto. The invention specifica ates to tHose articles
wher e f t8xi toallistigresistant ansrmizly wih redttchd @ahk-tﬁtveldﬁmrmab@n pyctteekingonplurality

especi al | y | owhigia Yo E&ﬂnéllsrlr?ggat i %Ee ?:%ep ?ﬂ{tﬁﬁlln\gaef ﬁétﬁbﬁéof ksfrength

advant ageousol y uUsé the ass ccor e | nventi on ari ous
protective fibress amd)mtwbdnmmtlngsm I5cte|5§ maasr’/sofstbe Ietameants, I!@@ied l@tQﬂ themrch

articles of igr, prot S&éeh%@?&%ﬁg %Ah% tu]\i,d;&%%§a# Mol Iglgplfstﬁstrﬁﬂgd TRy be

used during vvork I'h ntiron urt relates to a nethod
of maki ng atié sufaseef i deinkntst The sesiescnof thasssinbs & mfpmiqﬂédl!ﬂéﬁrﬁt back-f ace

e oh R ap AR L4k e e el ) e 0 o
assembly is preferred from a practical point of view.

Preferred ways of performing the method of the invention are
analogously fo the various embodiments discussed above for the assembly of
elements.

25 The invention will be further elucidated with reference to the

following experiments.

Methods
. IV: the Intrinsic Viscosity is determined according to method PTC-179 (Hercules
30 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/t solution, by extrapolating the
viscosity as measured at different concentrations fo 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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. In another series of experiments the Vs, value was determined for a 9 mm

20 Parabellum full metal jacket bullet (from Dynamit Nobel) analogous to the Stanag
2920 procedure, using Caran d'Ache plastine as backing.

Comparative experiment A
An assembly was made by stacking 36 plies of 40x40 cm elements

25  cut from Dyneema® UD-SB21 laminated fabric (available from DSM Dyneema, The
Netheriands). This UD product has an areal density of about 145 g/im?, and contains 4
cross-plied layers made from Dyneema® SK76 high-petformance 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 mafrix material; and

30  a polysthylene separating film on both sides.

The assembly was stabilised by single sfitchpaths of about 4 cm
iength in the 4 comers, and subsequently tested on ballistic performance as indicated
above. Restllts reported in Table 1 are averaged data for at least two independent
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D. Flexibility was judged to be further decreased as compared with the previous
experiments.

20
Example 1

Analogously to experiment A assemblies were made, but the last 12
elements at the rear side of the assembly were stitched through crosswise, with a
distance between parallel stitch paths of about 5 cm (defining squares of 5x5 cm).

25  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).

30
Exampie 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
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(defining squares of 5x5 cm. 25 This way of stitching was found to result
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stitched i nExampleti3ead#on with di stance between parallel paths of 5 cm

and wher gby the st ch MQARNE! POR9 (. PCHLEERAORLGBIARE ook sl i, ves

rotated about 900 for the second group. ear to
| ower per ceistitetied;| regtlting inteyen bettérdrausscpdsioymaiioea(a beliets stopded). Biekibiipl es 1

o 2 el SRS oW ARl A3k s SRR R o1 5L

judged to be on a simlar level as the assenbly before stitching. Exanples

5-10 10 Exar@ga%z[el §%1 2 were repeated, but now the distance between
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contai njng 2 | i es of 40x40 ¢ neema(r) UD-SB21 (with about 5 cm
di st anclgbef’ﬁg'g‘;rf)aﬁxf ?Weﬁgﬁ'{%@?{.ﬁc’%r abellum9 mmbullets were either fired
bet ween t he .

Comparative experiments E

in this series of experiments the effect of applying stitches 1o the

front side of an assembly was assessed, by crosswise stitching all elements of

20  assemblies containing 24 plies of 40x40 cm D'yneem:.a® UD-SB21 (with about 5 cm
distance between stitch paths). Parabellum 9 mm bullets were either fired between the
stitch paths, or on the stitches. The experiments 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 Vs, of 425 m/s.

25 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 aésembiy in the rear side part.




stitch paths, or on the stitches. The experinents were perfornmed at |east
t hree ti n¥e0 200600294t bet ween stitches an average V50 of PEBEPHOS/O0§EES f ound:;
wher eas shooting assenblies right on ¥he stitches resulted in an average
V50 of 425 m's. 25 These experinents indicate that presence of stitches in
the front side elenents reduces bullet-stopping power, and further
denonstrate the advantage of only interconnecting part of the elenents in
an assenbly in the rear side part. WO 2006/ 002977 PCT/ EP2005/ 007225 16
Table I 5 Experinment Assenbly characterisation Ballistic performance
Nunmber AD Stitching Average NIJ of plies (kg/nR) trauma level nmIIIA
Conp. Exp. Araled, 2 None 43 Pass Conp. Exp. B 36 5,2 36 el enents; -
crosswi s& 10 cm 44 Fail distance Conp. Exp. C 36 5,2 36 el enents;

crossw se 5 Expefthdral | | ABsehibleéharacteliatiorXP. D 36 5, 3 36 ©f emELEs:
crosswise 2,5 c¢cm 50 Faijl distance Exanple 1 36 5,2 Last 12 el SFBHBance
crossw se S5/'Cm 41 Pass | il RB&H|GAD EXqT iy SO o, 2 Last 0+F6 eigrgar N
paral | el paths 42 Pass | 57,80 ci(ﬁé,ﬁ{;; e; 90 rotated Exanple 3 36 ufna-23bo By
el ements; cfrosswise 5 gm 59 Pass IlIstance Exanmple 4 36 5,2 La%t71 P4 JIA
el enent s; .ot (WIS S 5 Irstance—90—rotatedExagpre—>5
5,2 Last SpZdlighngﬁ%xsp?%cr o%gsvm' setszz,3 q (nqagg Pass di stance Exanpl g'ﬂg 36 5??33
Last 4+4 el ] ratzzetr—paths—38 3R A3 th-stance—9¢—+rotatefd—
Exanpl e 7 400 % PP $3 enente of gg%?ﬁi%%@%@ﬁ%@& s |[* Fail
Comp.Exp.C | 36 52 36 elements; crosswise 5 cm 49 Fail
distance '
Comp. Exp. D | 36 5,3 36 elements; crosswise 2,5 cm 50 Fail
distance _
Example 1 36 5,2 Last 12 elements; crosswise 5cm | 41 Pass
‘ distance
Example 2 36 5,2 Last 6+6 elements; parallel paths 42 | Pass
5 cm distance; 90° rotated
Example 3 36 52 Last 8 elements; crosswise 5 cm 39 Pass
distance
Example 4 36 5,2 Last 4+4 elements; paralle! paths 39 Pass
5 cm distance; 90° rotated
Example 5 36 52 Last 8 elements; crosswise 4,3 cm | 39 Pass
: distance
Example 6 36 5,2 Last 4+4 elements; parallel paths 38 Pass
4,3 cm distance; 90° rotated
Example 7 36 5,2 Last 8 elements; crosswise 2,5 cm | 38 Pass
. distance _ '
Example 8 36 5,2 Last 4+4 elements; parallel paths | 39 Pass
2,5 cm distance; 90° rotated
Example 9 1 36 5,2 Last 8 elements; crosswise 1 cm 36 Pass
distance .
Example 10 36 52 Last 4+4 elements; paralle] paths 38 Pass
1 cm distance; 90° rotated




di stance Exanple 8 36 5,2 Last 4+4 el enents; parallel paths 39 Pass 2,5 cm
di stance; 90 rotated Exanple 9 36 5,2 Last 8 elenents; crosswse 1 cm 36
Pass distance Exanple 10 36 5,2 Last 4+4 elenents; parallel paths 38 Pass
1 cmdistance; 90 rotated 17 CLAIMS 1. Ballistic-resistant assenbly having
a front side facing the threat or inpacting mssile and a rear side
opposite thereof said assenbly conpifsing a stack of a plurality of
flexible el enments conprising at | east one |ayer containing a network of

hi gh-strength fibres, characterized in that from5 to 50 mass% of the

el ement sccAamMigi N connecting neans that interconnect adjacent el enents at
multiple spots distributed over their surface, whereby the interconnected
el enents are located in a rear side part of the assenbly, wherein the

front S1fle, coBARRSRIEMTERtEmlnt ndify SUPSHAGIdealdnd SheCfifasespd Lo one

anot her with connecting neans rear si art by about 75
mass% of t he iagseting ymIiSSdm ahed aecetgar Bdee opgosﬂ%stbaﬂsloy mdoasﬂemblyo claim

1, wherein the fibres hav at SI| engt of | east. a GPa. 3.
Assently acco MM gy B Sonotaiy REREREL g Reaft coiBnd e T bres
is a woven f adrid ¢ayef.cohssringlay nékabfn}ggh-@tr@ngthomeéf charactpizdd 2n Wher ei n
t he el ement ain | east .t rs of unidirectionally oriented
Fbresomth (Bl PETS 0 50 Bass % i el S o e P S SnAI PRSI (o each
other. 5. Ass.ﬂféabm@@:s%rdfhdéﬁt telbrﬁémlsnwmumﬂé &jpatd desthmMed ovek their

uni dlrectlona%l_H_%j/a oriented fibres are stabilised with a binder. 6. Assenbly

according to cenwhgreby) thiengtercannegiask elementreaeq logatad iNua terrr sideonpri ses
a filmlayer Bﬁ%@%s%ﬁﬂgo%gfelﬁ 68 %ront sidRSSSTRhY AR g%tta?e any one
t onn % o

of clainms 1- wherein ecting neans cover at nost
surface area subsmt:ellxenemqnnﬁstedao oesmwibther veithceoraientng meang aondhef cI ai ns

1-7, wherein rleg?sﬁgm?ﬁgif%ed by about 75 mass% of the assembly from the rear

face.

2. Assembly according to claim 1, wherein the fibres have a tensile strength
of at least about 2 GPa.

3. Assembly according to any one of claims 1-2, wherein the network of

fibres is a woven fabric.

4, Assembly according to any one of claims 1-2, wherein the element
contains at least two tayers of unidirectionally oriented fibres with the fibre

directions in adjacent layers being rotated to each other.

5. Assembly according to claim 4, wherein the layers of unidirectionally
oriented fibres are stabilised with a binder.

6. Assembly according to any one of claims 1-5, wherein the element further

comprises a film layer on one or both outer faces.

7. Assembly according to any one of claims 1-6, wherein the connecting

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




means are stitches. 9. Assenbly according to any one of clains 1-8, wherein
the connecting neans are placed in adjacent paths having a distance from
0,5 to 15 cm 10. Assenbly according to any one of clains 1-9, wherein
about 10-40 nmass% of the el ements contain connecting neans that

i nterconnect adjacent elenments at nmultiple spots distributed over their
surface. 11. Assenbly according to amg one of clains 1-10, wherein the
interconnected elenents are grouped in at |east two groups of at |east 2
el ements. 12. Ballistic-resistant article conprising the assenbly according

to any ogie Of Ascdrhifackoldng 1 arfebhe & dhinBkiNAvidigindfRe i decigor ding to

any one of clains 1-17, risrrng stacking a plurality o ex1 bl e

el ement s conpmesihsgrastitthesst one | ayer containing a network of

hi gh-strength fibres, and interconnecting from5 to 50 mass% of the

el ements located in the rear side part of the assenbly, by applying
connect itg nedAssenably mdcbrdihe ts Erlysonk sif raldintse d-8) wettereinhthes corfreectéingf  sai d

el ements. 14. Method according to.claim13 erein the ngcti ng means
re apnti ed BFALT A maTecu bafie i d BRARPR AT AP BhE B T he- ol ai s
1-11 in protective parts for elbows, shoulder, wists, knee or |egs.
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 tc 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
layer containing a network of high-strength fibres, and interconnecting
from 5 to 50 mass% of the elements located in the rear side part of the
assembly, by applying connecting means at multiple spots distributed over

the surface of said elements.

14. Method according to claim 13, wherein the connecting means are applied

by stitching.

15.  Use of the assembly of any one of the claims 1-11 in protective parts for

elbows, shoulder, wrists, knee or legs.




