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women, but difficulties have been encountered in improving comfort for female
wearers by shaping the armour to adapt to the female body.

Wearer comfort and the effectiveness of the armour to prevent injury are closely

15  related. Depending on the protection level and the fabric type, about 10 to 50 layers
of fabric are used. This produces a somewhat stiff structure that does not readily
adapt to pronounced body contours, particularly over the female breast region. If
the armour does not lie in snug contact with the wearer's body, shock transmission
becomes uneven and the body armour does not perform as it should. The body

20  armour's shaped areas are particularly liable to damage by shots at a glancing angle

- of incidence. Moreover, female breasts are specially liable to traumatic shock

injury.

Various proposals for multilayer body armour specially shaped to protect shaped
areas of the body such as women's breasts have already been made. But making

25  multilayer armour in special shapes is rendered difficult due to the fact that the
layers of penetration resistant material are flexible but relatively inelastic.
Problems have therefore been encountered.

Contouring a front armour panel by joining cut panels of the fabric with
overlapping seams using a special stitching pattern was proposed in U.S. Patent
30  4,183,097. However, if the overlapping seams are not large enough, angle shots
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Another proposal made in U.S. Patent 5,020,157 was the use of rigid, inflexible
cups made of high strength laminated polyethylene material which are worn over a
woman's breast and under a conventional soft body vest to protect from injuries
resulting from ballistic impact. The impact-generated pressure will nevertheless be

20  transmitted to the cup's rim which could cause injury. In addition, the stiff cups
will be uncomfortable to wear.

Shaping body armour by molding layers of aramid fabric in a PVC shell with the
- aid of pressure at 400-800 kPa and heat at 180-300°C has been proposed in DE-A-
4423194 and in WO 96/01405. However aramid fibers have an elongation up to
25 4% which can lead to damage in molding. Moreover, shaping the layers stretches
the fabric which would increase the gaps between the fibers and reduce ballistic
efficiency. Also, this molding in a PVC shell makes the armour relatively stiff.

The above-discussed prior proposals for specially shaped multilayer body armour

have therefore failed to produce a lightweight multilayer structure which fits to the
30  body comfortably while providing excellent ballistic protection and which can be

manufactured using available equipment operating at ambient temperature.
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By "specially shaped” is meant out-of-plane parts of a three dimensional structure
such as a garment.

15  According to the invention, the layers are held in shape by a plurality of darts in
successive layers of the material. Each dart in a layer comprises a generally V-
shaped section whose edges are joined to form the dart, with the V-shaped section
folded on itself and folded over to one side of the dart to form an added thickness
overlaying or underlying an adjacent part of the layer.

20  Also according to the invention, the darts are angularly offset from one another
with the folded V-shaped sections oriented so that said added thickness is
distributed substantially evenly.

The resulting specially shaped lightweight armour is comfortable to wear without
compromising the ballistic protection. The absence of cuts in the darts means that
25  no lines of weakness are created that could aliow penetration of projectiles.

The additional thickness of the folded parts of the V-shaped sections, which is
distributed substantially evenly around the shaped area, provides extra protective
layers over these shaped parts where projectiles are more likely to hit at a glancing
angle and cause injury. However, the excellent ballistic protection does not result
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15  alternate layers as this improves flexibility and comfort by avoiding jamming of
the pleats that could lead to stiffness or bulges.

Angular gaps can be left between the darts where convenient so that corresponding
angular gaps may be left between some or all of the angularly adjacent pleats of
different layers. This can contribute to the flexibility of the shaped part, without

20  reducing security. What is important is to angularly distribute the pleats in such a
way that the extra thickness is evenly distributed, avoiding bulges or stiffness that
could reduce comfort and safety.

In principle, the darts extend generally radially from at least one point or area of
convergence. Usually, the darts are angularly staggered from one another around

25  the point or area of convergence by an angle which is equal to or greater than the
angle of the V-shaped sections before folding. This avoids unwanted overlapping
of the edges of the folded pleats.

Each layer of material normally has one dart, or in the case of women's specially-
shaped body armour, two darts arranged symmetrically on either side of the two

30  points or areas of convergence. It is however possible for each layer of material to
have more darts, for example four darts on either side of and extending above and
below the two points or areas of convergence.
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15  Altemnatively, two breast cups can be provided, but this is not necessary. In this
case, it would be possible to provide enough darts angularly staggered from one
another so that the pleats cover substantially an entire circular area around each
laterally-spaced recessed part.

The darts of this women's specially-shap.ed body armour extend radially from two

20 laterally-spaced points or areas of convergence corresponding to the centers of the
recessed parts, above and below the two points or areas of convergence, and
preferably extending over an angle of at least about 180 degrees.

Body armour according to the invention in the form of a vest typically has front
and rear panels permanently joined together or releasably secured for example by

25  Velcro fasteners, the front panel for example being shaped to fit over the bust of a
female wearer by the described novel arrangement of darts. The invention concems
both the entire vest and the front panel, which may be sold separately.

The angle of the V-shaped sections of flexible material depends on the degree of
curvature required for any particular application. For most applications, the V-
30  shaped sections will each make an angle of about 10 to 40 degrees.
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15  Anarrangement with six dart locations about each of the two laterally-spaced
recessed parts has proven very satisfactory for women's vests. The maximum
number of dart locations will be determined by the envisaged application and by
manufacturing considerations.

The shape produced by the special arrangement of darts according to the invention
20  can be symmetrical or asymmetrical about one or more points or areas of
convergence. An asymmetric shape can be provided by an asymmetric distribution
of the dart locations, and/or could involve using V-shaped sections (in the same or
different layers) having different angles, or by asymmetric folding of the pleats.

As discussed in detail below, the penetration-resistant material is advantageously

25  made of polyaramid fibers and, to improve the penetration resistance and reduce
backface deformation, one or more of the layers (typically only the back and/or
front layer) may be bonded to a polymer. It is also possible for the body armour to
include one or more front pockets for receiving ballistic panels, or to be associated
with other protective layers, to improve the ballistic performance and/or reduce

30  back-face deformation where needed. For example, a rigid or semi-rigid front layer
could be fitted.
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fitted. 15  resistant material are also possible.

For reasons of manufacturing efficiency, availability and geometric strength (well
 defined stable structure) a woven fabric of high tenacity fibers is preferred. The
fabric construction can suitably be a plain weave made up typically from 42 x 42
or 28 x 28 ends/cm, or 14 x 14 or 6.7 x 6.7 ends/cm, although other woven
20  structures can equally well be used, depending on the use requirements.

The specific weight of such fabrics is generally from 0.02 to 0.5 kg/m?2, preferably
from 0.05 to 0.5 kg/m?2 and more preferably from 0.08 to 0.3 kg/m?2 in order to
obtain a balance between penetration resistance and specific weight.

If the specific weight below is 0.02 kg/m? the ballistic resistance of the fabric, even

25  when made from polyaramid fibers, is generally unacceptable whereas if the
specific weight is above 0.5 kg/m2, the use of a plurality of fabric layers becomes
impractical, due to weight constraints.

The fibers used have a suitable denier number (defined as the weight in grams of
9000 meters of yarn) from 0.1 to 3500, and suitably from 10 to 3500, depending on

30 the required fabric weight/ballistic performance ratio. A fiber with a denier from
1000 to 3000 is used for less demanding applications, while for high
performance/low specific weight applications, a fiber with a denier from 1 to 1000,
and more particular from 50 to 1000 is preferred.
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requi red tenadihefiberscan beprosentdn wpcqated forms arrqoatgd 2o othenwise prefreatedi(eg. i n

addi ti on have ' . icﬁée%ﬂﬁﬁraﬂiﬂ ' Serl] t in
the materi al Ipﬁ@ﬁtﬂeﬁ&i@{)ﬂrx‘&@&t tgérag‘(?z'rngl a kngi_f{de;?sg%’?ig%,éé,a, %Eﬁnf abri c,
as a uni weave DE¢eS 69%‘?“8’?1?@?%&??8 t % QINEr than arranging Wi Wet | onal

sheet (e. g5 happropriitewoven of nais-wogemlager; hbweverangbme ltasesavatitiy miplit bO

degrees) or a 14438 : l; e, L)L . e .
penetration- %gﬁ l r esit%%)gﬁ Sfr?gteg??é]? lé)?’lé‘iegros%‘cr&%em IF é&?@oé] E’r%éoslg%gn%f _
manuf act uri ngceptinubncy, availability and geonetric strength (well .defined
stable structure) a woven fabric of high tenacity fibers is preferred. The

(5D 5 AR Mk el AU AR B | o

X or X en or or..6..7 .X, .

hoven 20- st PUREE B e et B Ry Slepiritga Fitisq pisalle nalbiibe Brrkan s

requi renreidfs. fibntlayeremayibe berdegitb agiolyamertiayenlor impregrateiwith alpblynfer irn O. 82023 0
. . o m .

0.55Kg/ 0, bt Sl bl LT Rofinl prfrtc OF IR KL R BUIGEEHE Bl

to 0.3 kg/n2 i n or tarn a ance tween pene n-resistance

and specific weight. If the specific weight below is 0. 02 kg/n2 the
bal listic resPutthpcempgsiteigsoribed inEPAron 2KB-4PR0) ingludesmlayer sempesedni d
fibers, is geogfibérk javinga tenatitpbfat\ust 9G0MPh (¥ Blenier) according to ASTM D-

885 bonded to a polymeric continuum having a flexural modulus of 42 to 1,000

15  MPa according to ASTM D-790, a tensile strength at break of at least 10 MPa
according to ASTM D-638 and an elongation to break of at least 100 % according
to ASTM D-638.

In such composites, preferably a thermoplastic polymer is used. Suitable polymers
include specific polyethylenes, polyimide, polyether etherketone, ionomeric resins,
20  phenolic-modified resins, polyesters.

Preferably the thermoplastic polymer is an ionomeric resin, more preferably an
ionomeric resin containing cations selected from the group consisting of Lithium,
Sodium and Zinc, in particular from 0.1 to 3% by weight of such cations.

Alternatively, the thermoplastic polymer is a phenolic modified resin, in particular
25  aphenolic-polyvinylbutyral resin.

The polymeric continuum should preferably have a tensile strength at break of at
least 20 MPa and an elongation to break of at least 200%, more preferably at least
300%, both according to ASTM D-638.

The flexibility of the polymeric layer is an important factor for both the
30 penetration-resistance of the composite and the wearing comfort of body armour
incorporating one of more of the composite sheets.



specific weight is above 0.5 kg/n2, the use of a plurality of fabric |ayers
becones inpractical, due to weight constraints. The fibers used have a

sui t abl e dewiosygoassrber (defined as the weight in grams of 900fctvekss/manf
yam) from 0.1 to 3500, and suitably from 10 to 3500, depending on 30 the
required fabric weight/ballistic performance ratio. A fiber with a denier

from 1000 to 300 flexutad abdistus of thespalymenid preferably betweden d2and U000 MFapr hi gh

per f or mance/ | OVﬁcﬁ&aﬁi tbngl_yg@, b&@%ﬁl%g%e&géggsw ad denier from1l

to 1000, and nore particular from sbpre erred. ‘|7I InTLrany
cases, a.denier range, fr 1 to 3000 for the fibers is excellent. The
fibers can be pgd @%@mﬂgﬁﬁb‘ﬁgﬁﬂgﬂb@ﬂo%&’a&g&?%Wlﬂpml§@°m“§ﬁ°eat ed
(e.g. prel-;stretmeﬂverymahndpmadbrbéwﬁaﬁm ﬁhmyraarﬁb@imimth ,w&réﬁb Qflh it
i S genera n # tW se prestreat, the fi ot her
t hag arr ang?‘gngq??‘[].ﬁsfoﬁgﬁé OE%%E%;‘)‘%W%"&%R aﬁ?‘ﬂﬁl-"a}sﬁt}’e‘ﬁ 190, W',E{eﬁ?)v\ever ,
in some cases Predde ampeffdctive stifnesptsl the dompositien for buti-stabpurpesesrdine i n or der
to increase thojshi3aaia0anhee oF BBl ¥HRbR coRfiRisiiBUHEN a BlyhiePisiErdiited

penetration regi stance and Jeduce” ba e ormat1 on; one or nore of the
| ayers of the }GB‘S@: maé@a.aﬂaxsﬁgwiewﬁ}ﬂé%nwtlzmhgdwanamyack and/ or 10
front |layer, may be bonded to a polyner |ayer or inpregnated with a pol yner

in order to nulkimotisee sighifitahtpropatyofithe polyarr ket isehd ddnsitysthereds,lihe pol yneric

i . ' ' ' - . B- 4 . i,nGgl sides a | ayer
composed o0 | eGP SebrARETARE vy ekl Neigh rprhae w it 75 )
according to Asmmlt%&!%ﬁféﬂeﬂi‘@féo%mmdfm)naa'emflhmdimgiangeﬁi(ﬁd:xﬁxuraI

modul us of 42 teg &egg%%mewﬁ@qm;mcg&_ASTM D-790, a tensile strength
at break of at I%ast 0 MPa according to ASTM D-63 8 and an elongation to

. .
break of at | eﬁéfer]ég y t@ ﬁecncs?tg' do'f'tl% 1%;%%?&“5'&3:;8 %I?e' polymeric compound is below

2,500 kg/m3, and in particular below 1,500 kg/m3; ionomeric polymer layers are
15  particularly preferred in this respect if their density is less than 1,000 kg/m3.

The polymeric continuum can be suitably applied as a layer which can be bonded
at one side or at both sides to a fiber-containing layer, depending onthe
application, and in more practical terms, on the availability of the appropriate
manufacturing process. In a preferred embodiment, the fiber-containing layer is

20 embedded in the polymeric continuum in order to immobilize the fibers, resulting
in an extremely strong composition. The polymer and fiber layers can be bonded in
a batch or continuous process, by any means known in the art, such as calendering,
extrusion coating, gluing, impregnation, thermally bonding, other forms of
laminating layers of two different materials, or even in-situ polymerization thus

25  forming a polymer continuum with the fibers.

A preferred method of bonding a fiber/polymer composite layer is thermal bonding
such as molding in the form of a batch process, or in the form of a continuous
process, in particular by means of a belt press or calender.

When layers of such composite fiber/polymer are included in the shaped body

30  armour according to the invention, such sheets can be shaped using darts and
folded pleats as described herein; there is no need for the application of heat during
this shaping process. However, it would be possible to include one or more layers
of a fiber/polymer composite pre-shaped by molding. '



In such conposites, preferably a thernoplastic polyner is used. Suitable
pol ymers include specific polyethyl enes, polyimde, polyether ether ket one,

i ononeric reS| ns, 20 phenol i c- nodi fi ed resi ns, polyesters. _Prefer t he
t her nopl as® %‘Ufz mar s an iononeric resin, nore preferably Sﬁ"qsé’?(g ill
resin containing cations selected fromthe group consisting of Lithium

Sodi um and Zinc, in particular fr%%%?;@%i ght of such cations.

Al ternatively, the thernoplastic ' olic nodified resin, in
particul ar 25 a phenolic-pol yvinyl butyral resin. The pol yneric conti nuum
shoul d preferamcyrﬁnymaoﬂensﬂeamheméﬁn@tahfeﬂmaoﬁmmﬂcmﬁig 20 MPa and

both acoor di ndr s EheRand et Bl behind By Brfihg bipte BrerCttenthle] L
i mport ant f actrelatively inglastic penetgtion-resistant Mﬂrmhtqlwssqmblcém thmamdmo& te
and the weari ngme@YEadH la érmsqmd%epawﬁm&gcﬁrw&f&&emgﬁsgﬁ@s % gmyt he

conposite she he p ably

exur g ul'us
bet ween 42 anﬁ}mdwoné’g&?r‘ﬂ?tﬁ’édt&iw&?a feren{ W‘l being anguiatyneen 50
and 800 MPa. Affskidfiam ahe mmsthériasoundaib sast dne poid @P awRaf torliergenes a pol ymer
that is too stiff to effectively withstand puncture or be worn confortably
as body arnour, whereas a 5 fl exural nodulus of |ess than 42 MPa
i ndi cates a ndtsHy.dhe edges of the V-shaped ssqtionsaredoined ta formhe/daststin each/ e
stiffness to u r,mysﬂstwlm&@édwslaim@mg&%mm thé'sastOpdripheral
advant age ﬁf gﬁ¥ﬁarnnurhf WBJL é such a polynmer is the reduced backface
def or mati & LAY MO P BYOHATTOM-he body arnour. Anot her
significant property of the polynmer layer is the density thereof, in 10

particul ar inysugy, Q.ﬁo?tlﬁﬁéla&@x@'a?ejd%xcipﬁlcéhﬁg§ar¥ﬁr1&2§§g%g& ﬁa sfﬂnég} ¢ kg/ n |

conposite) for ease o ar ar nour, a na and
of FP Ci ent) may be conven\xl\eentto arrange the layers with slightly different shapes or sizes, gor

example in order to accommodate for progressive shaping as the layers build up.

or—t

Then the multiple layers are assembled to form the shaped part with the darts of
15  different layers angularly offset to one another and with the V-shaped sections of

material folded in directions to distribute the added thickness substantially evenly

around the shaped part. -

This forming operation is carried out on a suitable support. To form 2 vest for
example, the layers can be built up on a bust.

20 Lastly, the thus-shaped multiple layers are assembled to form the armour.

The gradual build-up of angularly offset ("rotated") darts with folded pleats in the
progressive layers (from layer number 2) can be referred to as progressive
contouring, as the contouring progresses during the subsequent layers up to 30, 50
or even more layers.

25  In this way, armour can be tailored by building it up in anatomically correct
fashion. Each single layer of relatively inelastic penetration-resistant material can
be shaped by folding, joining the dart, folding the pleat and building up the
successive layers.

10



engineering wth the aimof weight reduction. Preferably the density of the
| ayer conprising the polyneric conpound is bel ow 2,500 kg/ nB, and in

parti cul ar I 500 kg/ nB; iononeric polyner |ayers are 1 ' rliy
preferred |\9(%IS%Y§ espect if their density is less than 1,00%?8%*#?@
pol ymeric continuum can be suitably applied as a | ayer which can be bonded
at one side or (ﬁith@%h@hﬁkg?éis Gss?olétobﬁﬂo%&ht@hﬁ&xds%toﬂﬁﬂﬁé&?&&ﬁ; the
application, r?g\“ﬁﬁ rac [ ter E Fe avai | abj of the
appropriate na yigpal H&p °°Fl}?’§§‘}5’f-

fiber-cont ai ni mgadeay eiey can b8 adaptedditatifferent vaeargre) yreri c cont| nuum in order
to immobilize the fibers, resulting in an extrenely strong conposition. The
pol ymer and fiber |ayers can be bonded in a batch or continuous process, by
any means knowdhefolding andfastening teghnique does 8ot seguirespecial epipmenttar tepls,gl ui ng,
i mpregnat i o8, tbiie¢aREHe handied By disti Bﬂfceéxﬁéi@f:ﬁédérﬁ‘f@xﬂl’éé eYifiquesf WO

different materials, or even in-situ polynerization thus 2 formng a
pol ymer conti nuumwith the fibers. A preferred method of bondi ng a

fi ber/ pol ynmer dorgdyantage Oﬁgzsmssemhlhmhnﬂqubmnﬂatnglﬂslwbr stmpesodad iconvenienitiye
form of a bat clge iaae g?:ﬁg rﬁﬁﬁn}é&r {rﬂélg lsafyg{srgggfe eﬁég Hﬁ%ﬂ%%ﬁﬁsbml't HP, to

particul ar by neans ers of suc
conmposite fi beANSH %mumbérpﬂmraéam A layees @'HB‘HédR!ﬁ)YY

according to t bellistie/ dmcﬁufﬁmﬁaaﬂﬂsmsaﬁmbaahwﬁev@mm&& and

fol ded pleats as rlbed herein; there is no need for the application of
heat during’thP¥ lﬂﬁ rocess However, it would be possible to include
one or nore |ayers of a fiber/polyner conposite pre- shaped by nolding. 9
Method of Manubggirp EQfﬂxb kLot ha?e t E%Ef‘ a

met hod of manufa @ 'Wy ecllt}ahla aae |dn

provi di ng mul tpgf @ éﬁf:qﬂlgyers are folded in oppos1te rectlons so they

not overlay one another, the pairs of layers with darts at the same angular location
preferably being assembled in alternate layers.

15 By this novel technique of building thick protection layers, layers are gained (at
overlaps where the pleats are folded over) that provide additional protection against
ballistic impact, valuable especially at shaped areas where bullets or fragments hit
at an angle (non-perpendicular impact).

The edges of the V-shaped sections can be sewed together to form the darts,

20  preferably using a polyarimid yarn. Alternatively, these edges could be joined by
other means such as staples or rivets of polyaramid, or by gluing. The layers of
impact-resistant material are conveniently joined by sewing.

When the layers of material are attached together, care is taken to maintain the

. shape and to avoid the formation of air pockets. The front panel of the body armour

25  can be made by joining together two or more packs of layers of the penetration-

resistant material shaped by assembling layers with angularly offset darts as just
described.

Brief Description of the Drawings

The invention will be further described by way of example with reference to the
30 drawings, wherein:
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relatively inelastic penetration-resistant material to be assenbled into
the shaped 5 arnour. Each layer has fold |ines defining at | east one dart
conprising_a generally V-shaped section of the nmaterial, the d f the
di f ferent I"&?g?’g‘ﬂ%i ng angul arly of fset from one another ar oJﬁ’é@sﬁéﬁét
one point or area of convergence. Firstly, the edges of the V-shaped

sections are | gi i C. W th fornmed
darts all havi ngé] gﬂ%g?’é’ﬁﬁg‘{ﬁ"’g?Yﬁ@“s’zﬁé%ﬁg?ﬁ%ﬁiéﬁéﬁ‘fbmsﬁﬁﬁf%”% ssenbl y
into the body Spesially shapedacearding|te therinvention forthe vest4e be woomby 8 &emale; shape
and size. However, sonetines it may be convenient to arrange the |ayers
with slightly differen apes or.siges. for ex Je in der t

acconmodat e fo ‘%% ﬁ%?’s%gg‘fi‘ﬁmaﬂﬁp VIS ag éﬁ% o8 9?%%ﬁ'¥ﬁ+bf

mul tiple |ayer ial, shssovelveddydrs of bFigsa 2-h¢o 2412bethgzhown\biefdre aisembly ofthef 15
different |laye I o kL s - d
sections ofﬁ%/atglg:rc?éé}’ flglféé%tgqlt){.{ﬁ |er ec¥| ons&?%ﬁé}ﬁ{gtrl ult%}%h%&ggg%g??%?ckness

substantial ly divenl y around the shaped part. This form ng operation is
carried out on a suitable support. To forma vest for exanple, the |ayers
can be built upg;oR. S . - sh .multiple layers are
assenbled to fgﬁgt‘%ﬂéﬁeﬁ%ﬁj&%@ﬁﬁdﬁ’ng’ﬁ% pgﬁﬁge %?S— hgul arly of fset
("rotated") darts with folded pleats in the progressive layers (fromlayer

nunber 2) can Bisrei e 4adliustras foMifg bEthe dufts Spﬂﬁxﬁh'ﬁch%iveﬁlﬁyér@Beﬁ%PU” ng

progresses duri,n gihe %}?’Psgﬁﬂe&t | ayers up to 30, 50 or even nore |ayers.

25 Inthis \/\8‘9‘%’ AR B YR | ored by building it up in anatonically

correct fashion. Each single layer of relatively inelastic :

penetrati ofy I epjgs | | £5d s dr0d £ dart,
[0 ! CPigS’ W soRBingid flan GRA MsEAHRAMe Bipdip d;équx_mdfgdﬂhé‘ﬁ)l&&e

fol di h I | di h
olding the p glggts;aart\lﬂ bui I di'hg up the succCessi ayer

Fig. 6 is a schematic plan view illustrating how the back panel of the body armour
of Fig. 1 may be assembled.

Detailed Description

15  Fig. 1 shows a lightweight bullet-resistant vest comprising a front panel 10, which
is specially shaped to fit over the bust of a female wearer, and a back panel 20,
each made from an assembly of layers of penetration-resistant material. The front
panel 10 has a top breast section 14 and a lower breast section 15 shaped to form
inside two laterally-spaced internally concave recessed parts corresponding to the

20  bust. The internal layers of penetration-resistant material making up the front panel
10 are shaped by a series of angularly-offset darts, as will be described with
reference to Figs. 2 to 4.

As shown in Fig. 1, the front and back panels 10,20 of the vest are releasably

secured together by a series of Velcro fasteners, namely Velcro pile fasteners 11 at
25  the top sides of front panel 10 that cooperate with Velcro hook fasteners carried by

shoulder straps 21 fitted to back panel 20, and Velcro pile fasteners 12 at the

bottom sides of front panel 10 that cooperate with Velcro hook fasteners carried by

side straps 22 fitted to the lower part of back panel 20. These side straps 22 carry

an additional Velcro cross-piece 23 and, for added security, a belt 24 with Velcro
30 fasteners is provided.

12



On the one hand, it is possible to tailor garnents such as vests to the
nmeasurenents of individual wearers. On the other hand, shaped garnents such

as vests ¢ e so they can be adapted to fit different e
fol di ng anég?gglt&e%?ng t echni que does not require special eqwifo?@’?‘fs&%'"‘Jlh
tools, 5 but can be handl ed by existing procedures of nodern textile
cutting techni ghek ﬁ%fg&mhmmmm Yo ttﬁ&ﬂ‘ﬁhﬁp&el B0 reat

mul tilayer sha conveni ent | e, u eI ativ thin |ayers of

t he penetratlo%“‘i‘ﬁgﬁ?gf% %P@ﬁﬁ%%ﬁ@%@b‘"& 68‘? Z sﬂé W%

| ayers, say 5Ombateyiek §'omonfmn3hsloutershmtdthhmhapeoflﬁwﬁ¢nt@abdlllobm17

per formance i

overal |l thi ck%éfsm gteW*lruPt%Fﬁ'd palrs o?é t*mﬁégﬁﬁg%l% Iél?)filglv&?ave darts at
the same arfgul emphasized that accamm tvethvnmaf;@aﬁqsam&x@e leyers gt penetratian-gesistant

fol ded in Oppoﬁxhieﬁaﬂidve(hblcﬁﬁsbﬁ%&@é’mméd'b tas@ﬂﬁdﬂhgﬁl@ﬂ ffethirs the pairs

assenbred in dHE IR 8 dasRbtdry i et i B4 g

thick protection |ayers, Iayers are gained (at overlaps where the pleats

are fol ded ove{f)degmtﬁﬁro%&eco% hkbt%&ﬁ'hapéﬁ’ﬁﬁ‘fwltﬁr&ﬁﬂﬁh?ﬁaﬂ?&agmmS hit

| npact, val uabl e especially at shaped, areas where bul
at an angl e (ribainsidedaymse %’F“P‘l‘ﬁi’a’i?ﬁ‘f Eﬂlges of the V-shaped sections
can be sewed together to formthe darts, 20 preferably using a polyarimd

yarn, A LaUEe ) J93SaR05N SOH.A Rad I IRDY; GG BR% aruch oo

staples or rive
i mpact - r esi st apmemcm-nealstaama@nal\mre msemhoofrﬂ;q swem laygrs whfonmithe:

llayers of mat eghhpdd Mot p%hélal@flﬂ%ém%%istarﬁ%ﬁ of Figl 2KERE dther Wil G fdakh t he
shape and to vmg t.he “f.or npt i on, of rﬂ? {) Jg,ﬁ Eﬁ‘ e fron anel of tPe
body armour 253YerSRs pmifFgrimags abejt ‘h[jn gg $epes; e perimgter,p

| ayers of the qaehbiyen30 are-onlyemdichdmis septing todbcasdﬂmad‘dldmg andjeining Mgpes) ayer s

with angularly offset darts as just described. Brief Description of the

Drawi ngs The invention will be further described &/l of exanple with
ref er ence 180 tEach layer 30 has two side extensions 31 (correspondmg to the parts of the front

panel 10 that fit around the wearer's waist), side recesses 32 (corresponding to the
parts of the front panel 10 that fit under the wearer's arms), rounded upper parts 33
(corresponding to the parts of the front panel 10 that cover the wearer's upper
breast, i.e. where the fasteners 11 are attached), and a concave top 34

20  (corresponding to the part of the front panel 10 that fits around the wearer's neck).

Each half of the layer 30 also has a V-shaped section 35 having a central fold line
36 about which it can be folded and joined to form a dart as illustrated in Fig. 3.
This Figure shows a layer corresponding to that of Fig. 2-1 or Fig. 2-3. As shown,
~ the layer 30 is folded about a vertical fold line 38 coincident with the fold line 36,
25  whereupon the layer 30 can be joined by sewing or stapling along the lines 37
defining the V-shaped section 35, to form a dart along the joined lines 37, leaving a

pleat 40 which consists of the V-shaped section 35 folded over on itself.

As shown for the layers 30 of Figs. 4-1 to 4-4, when two darts 37 are formed in the
right and left parts of each layer 30, the outer perimeter of the layer 30 adopts a

30  shape which is essentially the same for all of the layers and corresponds to the
peripheral shape of the front panel 10. The successive layers 30 can however have
different sizes and shapes as a function of the shape to be built up.

13



30 dr awi ngs, wherein: Fig. 1 is a front perspective view of a
bull et-resistant vest having a front panel specially shaped according to

the inventi he vest to be worn by a fenale; Figs. 2-1 < e
schematic p Qﬁgl\@{zé‘\;/vs each showi ng one half of one |ayer of na%glr"l%g%‘t e

twel ve layers of Figs. 2-1 to 2-12 being shown before assenbly of the 5-

voo oot b g‘??ﬁﬁﬂ‘ﬁ, - E:T:E ﬁ*aég’gﬁﬁ%ﬁ‘?ﬁé %W 1B scROuhld Ut BAR G
Ves (0] . .
layers: Figs. 3V Which amgan t 9tisek fromy ope gpother agound. 4 pointof gonyergence 3% < e
ot O . ok stiost DO by ing sttt o g somaponting

vers befo h shise : 5 of cdriverg .
oFestet St o hdndd b3l s AL Bbnabed 10l 80 bbb RELET
of the body artgemeam's bregst. These\points of senvergence BRwarg approximately af the same

Fig. 1 shows gobdtidhs ‘t&iaﬂrﬁvehwlhﬁrsf mqigtmbrshuﬁﬂtb tthQHDf bbﬁidﬂ&nlas bf @ieldatgnel 4
bark oaner 7 b SRR o e e el »
penetrati on-r assult snhotnfoldedi Such Brea wild e nAfielently ldrge ta dvojal bwistisg aadct i on
14 and a | O""erun%ﬁéﬁt"dﬁﬁﬁfdgqg)" amPSPanQe{ﬁgﬁé@.i nside two | aterally-spaced

I nternally concave recesse arts*corresponding to the 20 bust. The
internal |ayers of penetration-resistant material making up the front panel

10 ﬁr e ?‘hamed Alferfaté Pair£6f e 15yREH 30061 tatefihlsiantkly tose oF Filds) 2-1 laadQe%Qtik bed
banel 5° 10, 20 GPagHE Aaerd27e2 8 amdR B Y b Ao B A pe n - o MerEh 0
Vel cro f ast endlasts 3aofethy lagerc o eaphl paif aretlocated atl theasanbanguldrdocationsThes of
front panel 1Q4,403% of BRAGEASEvEdyRrs (Rids! 9-1N93K ol PRALRPE) arhigubilllydffset

to one another. Those of Figs. 2-1, 2-2 and Figs. 2-3, 2-4 are at 180 degrees to one

15 another; those of the other successive layers are at different angles represented on

Figs. 2-5 to 2-12 by the fold lines 36. Generally, the darts 37 in the odd-numbered

layers are located on the upper part and those in the even-numbered layers are

located on the lower part of its layer 30, except for the layer 30 of Fig. 2-10 where

the dart is located in the middle. -

20 Inthis given example, the angle of the V between the lines 37 forming each dart is
about 22.5 degrees, so the six darts placed side by side would extend over 135
degrees. However, it can be seen that overall the darts 37 extend over an angle of
about 195 degrees, starting at one extremity at the top from the darts 37 of Figs. 2-
9 and 2-11, to the darts 37 of Figs. 2-2 and 2-4 at the other extremity at the bottom,

25  there being a gap between the other darts 37 - see Fig. 5.

As illustrated in Figs. 4-1 to 4-4, the pleats 40 associated with darts 37 are folded

in alternate directions in order to achieve the best possible distribution of their

extra thickness when the layers 30 are assembled. Each pleat 40 occupies 1/2 the

width of the V-shaped sections and these pleats 40 are selectively folded in
30 alternate directions.

In Fig. 4-1 the left pleat 40 in the top of the first layer 30 is folded to the right and
the right pleat 40 is folded to the left. Likewise, in Fig. 4-2, the left pleat 40 in the
lower part of the second layer 30 is folded to the right and the right pleat 40 is
folded to the left.
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shoul der straps 21 fitted to back panel 20, and Velcro pile fasteners 12 at
the bottom sides of front panel 10 that cooperate with Vel cro hook

fasteners I y side straps 22 fitted to the |ower part gy 9f|el
20. These si egb@firlgps 22 carry an additional Velcro cross-piece 'glg for
added security, a belt 24 wwth Velcro 30 fasteners is provided. 12 The

I ayfer S Sf bp?nerﬂlhd)Bori&ﬁbﬁdxﬁgﬂnem&iv&f nayermkmgs :1%;] hifw4f4 Lot foRkisd of therr €
encl osed between _an o Vv n 0

non- penet r at i ofi® m%‘#ﬁ lﬁ?&@ fsa‘I"v“%%f&Shﬁ’érq‘ﬁ Pﬂ&s%fogphslﬂ%eﬁ 30 ghs Jeft
shape of the f pleats 40zmefoldsi toshaled avd tthghtpéeatsylﬂiam;foldgdmﬂhemght t he | evel

of the bust are provi ded. However, |t |s 5 enphasi zed that according to

the invention the inside Iay r.s of fion-resistant naterial, have no
cuts, but are AUSSHDECRARtSI BT duyertng BaPf §h°opfe§fét391 i talloyied iy el ded
pl eats, as sleseuibsb@ﬁnbgioupsufpﬁrsraﬂeymee Tite pringiple 2s that the pléatsi46 in dsts t he

"nsi de- | ayers of ﬁ@%ﬁaséﬁw?%%ﬁgﬁgﬁ@%%z‘%?&? Bk€Rbpe i Fifs 9 g5 57, "
each show t he andymFigsri2i6land 2-&for enample -twidll hecfolldededn spamsmfdlrecuons so that
penetration-r eg’hﬁxﬁ &{étlage‘i% 80 'a?é as3&hble8 tﬁe%é [Hﬂls%(?&nli Hét ovéRaE oad Hﬁ‘od:&%@éé to

formthe shape ont

ot her hal f of Eig- A)- ' This ﬁ’q&}g gﬁ&ﬂ%ﬁeég -égfgqs)‘léy Fnaweal ﬁé%’@%%%lhe

shown i nsi pe tmelpﬂfellgﬁzesoagfebemgt‘askauméd% are only indications serving to
| ocate the folding an oi ning lines Each |l ayer 30 has two side

ext ensi ons 31 orrespondl ng to the _garts of the front panel 10 that fit
around the weafdbe layersa3Oswith theirj darts3 2 geecther assembladesiiseessivaly emabmst, witht s of

gge(f ront pa”gihe edt@ta?] of itke éﬁ&@é&?xvtkﬂ éfé@ﬁﬂ&éd & &clise‘ﬁ%d sKuvedBSchURl ?&r;a,(pﬁ-,r ts
correspondi e 0 e fro ane over ]
wearer's upper ‘88%%@? g @F BreyiQus) oneg 1°f1 "ﬁF‘ilC%L@’ﬁéﬁ’é’ﬁ)Pm%?ﬁ%‘sa
concave top 34repéated famﬂr webvenidyeryg 30playing thapteatsm(l incthé seletted divedtiohS onhat
fits aroungt hﬁpvg?%eefayér k(i 4 ngéept for the last layer where the pleats can be turned _in.side to

have a smooth outer surface.

The assembled and shaped layers 30 are held in clamps and sewed (or otherwise
secured together) around their periphery, taking care to maintain the shape during
sewing and pressing out air to avoid the formation of air pockets. For this, it is

20 preferable not to sew continuously around the periphery, but to sew peripheral
sections one at a time, starting at the rounded upper parts 33 and finishing at the
lower corners. If desired, the part corresponding to the waist can be taken in to
provide a better shape.

Thanks to the darts 37, the assembled layers 30 are shaped to form two laterally-

25  spaced recessed parts in a mono-cup configuration adapted to fit over the wearer’s
breasts, and the pleats 40 in the various layers 30 are oriented in directions so that
the added thickness is distributed substantially evenly around the shaped parts,
avoiding any bulges or stiffness.

Fig. 5 schematically illustrates the angular distribution of the pleats 40 in the
30 assembled pack. In this Figure the pleats 40 are identified by the number L1 to L12
of their respective layer 30 corresponding to Figs. 2-1 to 2-12. In this example,
proceeding clockwise, the pleats L11-L9, L3-L1, L7-L5, L12-L10, L6-L8 and L2-
L4 are arranged together in pairs folded in opposite directions about the lines
forming their darts 37. The pleats L1-L7, L5-L12, L10-L6 and L8-L2 are all
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Each half of the layer 30 also has a V-shaped section 35 having a central
fold Iine 36 about which it can be folded and joined to forma dart as
il Iustrate 3. This Figure shows a |ayer correspondi of
Fig. 2-1 or é?ﬁf‘hg’B As shown, the layer 30 is fol ded about W§é8(q§é'{l
fold line 38 coincident with the foId Iine 36, 25  whereupon the l|ayer 30
can be joined Q:é“@g gcﬂ él.rglwﬁ

V- shaped sectio W# rpahaﬂ’(fgrt a ong ?’R%"#’%‘%ﬁ%g?ﬁ‘eﬁ%g &’Ia{egx\%)lnnoé a
pl eat 40 whi creaveredibyipleats. t he V-shaped section 35 fol ded over on itself.
As shown for the |ayers 30 of Figs. 4-1to 4-4, when two darts 37 are

formed in the t,,and | arts o) yer e outer er| ter of
formed | the ShOM o3 el boBBCls, of nS%hs 970 B0 <ol HiGERE bTREST
the | ayers andpleats 14@5m)pt¢at8tm ¢ pagie overiapr erie ariotiar. Moredver,fpleats 4ﬁewhdse 10.

The successi v r | 0 hﬁ%eggas a
function o? eexlté%ﬂ eﬂfccﬁﬁ&%ﬂl ig ﬁ %t?emﬂ Jnf:ﬁfe? thxi;ﬁlhiﬁ EliggL% to 2-12,
it can be seeri“? Reparat xaele@sx&? parj of at hasﬁeonaap Em a’aﬁmﬁa 3Qrcnamelyil ar | y

of fset fromo rleymmm sorthereds Ao Fisk 6f intérfepérive depmiea pledts 4ethahcould eduss 0

havi ng two | at, e gjl.nts of convergence 39 corresponding to the
centers of thd g‘?‘@‘ grstg; ea&’l“g +?‘Pthe front panel 10 that are adapted to

receive 5 the wearer's breast. These points of convergence 39 are

appr oxi nat el y Iﬁtthéﬂﬁ‘al%@ééﬁlﬂ Qﬁéb&ﬂé J@ére%%nl}ﬁ%‘h‘ﬂ?uté@%ﬁﬁdﬁﬁou‘t& a&sgf
understooclgt ha %t he pointe ends“gmthe darts 37.could he distr]pute

around an F‘°EBﬁUBF?f§?ﬁ?§ Prvigingtwo, extia prptegtive layers in this sensiivezone s not
fol ded. Such dndsm lotdtionbeoverndd bythepldays 40ar ge to avoi d twi sting and unwant ed
"doubling up" at a point of convergence. 10 Alternate pairs of the |ayers
30 of materi al ;_narrel those of Figs. 2-1 and 2-3; 2-2 and 2-4; 2-5 and
2-7; 2-6 and Jdf#is éﬂsye%mhazfsfwo extra Qrogelive ateas ovey, the upegyered-areasdn Fig Selar t s
37 of the Iay&mcexibeaememmmgr bimmahyeﬁmmulvﬁm daeadtithe).  The
darts 37 of t s%cg‘g_s? Iayers (Figs. 2-1, -3 and so on) are

angul arly of f a locations.

15  The front panel 10 of Fig. 1 can be made by fitting together a chosen number of
packs of the twelve layers 30 assembled as described, e.g. two packs making up a
24-layer panel or three packs making up a 36-layer panel, and so on. It is also
possible to make fractional assemblies, e.g. two and a half packs making up a 30-
layer panel.

20  Fig. 6 shows how layers of penetration-resistant material can be assembled to form
the back panel 20 of Fig. 1. Here, layers 50 shaped to form the back panel 20 are
placed together, curved to the back's shape then sewn or otherwise attached.
together. All layers 50 except the last five are sewed together around their
periphery at 51 and crosswise at 52. The last five layers 50 (which will be those

25  closest the body) are sewed together only around the periphery at 51. Then the
packs are stitched together only in the top and side regions of the periphery 51.

The front and back panels 10,20 are then enclosed in their respective cover layer
and lining, and the Velcro fasteners and straps fitted.

Example

30 The shaped front panel of a bullet-resistant vest was manufactured as described
above with 30 layers of Kevlar® Style 363F fabric sewed using 930 dtex Keviar®
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to one another. Those of Figs. 2-1, 2-2 and Figs. 2-3, 2-4-are at 180
degrees to one 15 anot her; those of the other successive |ayers are at

di fferent epresented on Figs. 2-5 to 2-12 by the fol j

Gener aIIy,%%gﬁ{ts 37 in the odd-nunbered | ayers are | ocat g’gl‘rlon ?’ﬁgﬁupper
part and those in the even-nunbered | ayers are |ocated on the Iower part of

its layer 30, sé%ﬁ%go;rhorxédm ¥/ Dhibonf Hegisterdd 1Tradbifark, 1R

| ocated in the m eqnbp Inthlsggté‘é»géggole 5%8&8@3 Fﬁ'@xlx

bet ween t he | BfEH
darts placed passt wys miotiatedoon d RBlastilinc hnckmglﬂﬁtediagmésnbjebmé\terstaudhrd:an be

Starting ai oveusgt i‘*‘?'sd%'ﬁ%f Weﬁg ‘%féad?‘?‘%‘*ﬁ?@ﬂﬁmiﬁ%?m ey B eind

2-11, to tﬁe part updg Atandard &ul_lﬂtsaver@arepmdmthmmémtbylf

bottom 25 mbﬁlqs %ngﬁawbﬂéﬂ"%?rgdohebﬁxﬂ&r dékdgd. smaieovae%glweu‘éee
illustrated | (i’ t he ats 40 associated with darts 37 are
folded in alt é“‘?ﬂ?‘b@f’ &f&l% dchi eve the best possible

distribution of their extra thickness when the |ayers 30 are assenbl ed.
Each pleat 40 occupies 1/2 the width of the V-shaped sections and these
pleats 40 are selectively folded in 30 alternate directions. In Fig. 4-1
the left pleat 40 in the top of the first layer 30 is folded to the right
and the right pleat 40 is folded to the left. Likewise, in Fig. 4-2, the
left pleat 40 in the |Iower part of the second |ayer 30 is folded to the
right and the right pleat 40 is folded to the left. 14 For the
correspondi ng next two |ayers of Figs. 4-3 and 4-4, the folding of the
corresponding pleats 40 is inverted, i.e. for the third and fourth | ayers
30 the left pleats 40 are folded to the left and the right pleats 40 are
folded to the right. The sanme pattern of inverting the folding of the
pleats 40 is followed in the
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5 subsequent groups of pairs of layers 30. The principle is that t he
pleats 40 in darts 37 |located at the sa natlng Iayers -
i ke those“)d"bfd g8y 2-5 and 2-7 and in Fi

be fol ded I'n opposite directions so that E\'!H“K‘ w Illjliwn l!HO are asse‘r‘*g?ed
these pleats 40 will not overlay one anot Th| s folding of
the pleats 40m'pqsdzmﬁmm the darts 37 are formed or when t he

|l ayers 30 are being asse The layers 30 with t hei r darts 37 are then
assenbl ed successively on bust with the pleats 40 of the successive

| ayers fol ded las dament made abmumplqzbms pfflexiblegelagvelyjinplastia posatratiome next
tuel ve | ayers 386’??““%8?&“ e e B R 15
top of the |ayer 3@6@&3’@3 ‘Pé@‘ipel “WHF@F%F&@%F%F'?‘V@M be
turned inssde to lmnmcﬁ‘thmmﬁabuiﬁdmjnfaaayercb’impnmg@@hadllﬁmklabaped

| ayers 30 are hel dedign GidgPed %Qgressﬂﬁgtéﬁfmrt gﬁftf‘”,h@x‘?hﬁﬁ%'ﬁga&eag&%o her)

around their peripher seW| ng and
pressing out air fddqz@iuseﬂﬁﬁl ffgldndpmrtooneandpo theidartgo manad is 20

prefeLabIe ”0ttt0t}§ﬂ&ie§s06\§eklﬁﬁﬂ %l-iind’eifr%%gja& &adRff p el?i‘@ﬂ'tlielﬁgB ‘s 33
peri pheral sectio n a , startl per., par s

and finishing at pﬁg@@tlggﬁsfémfzgmpqe@@g}%r%th ‘Flg’ HAR8i ng to
t he wai st 10an be bﬁ&ftéﬂsmthhﬂsammdedetﬁekﬂmiseﬁstﬁb@tpesuﬁatnﬁmyéﬁnly}e darts
37, the assenbled layers 30 are shaped to formtwo laterally- 25 spaced

recessed parts in_a _nono-cup configuratjon adapted to fit over the wearer's
breasts, and t#he Mullilaxersbaped armeusancpiiing topjaims] mowhich the folded Myshaped

directions so thagectibfs &€ dgented i difRfent Hixedliont.r | but ed substantially evenly
around the shaped parts, avoiding any bulges or stiffness. Fig. 5
schematically illustrates the angular distribution of the pleats 40 in the
.30 assenbl ed. pabhltilayertshapsdRiryouraccording toalamDinavkich gains ofithe thybss afhe

nunber LI to L12 pbiehinfhdve dasd ¢ 36catioh! Witk . 2-1to
2-12. In this exarrp}ei’l prvgqee ?ﬁ%bgﬁc%y Y] ta?\@ p eatﬂﬁ#faﬂﬂeaw ﬂa%gd
L7-L5, L133L10, metfdulzopmﬁﬁa ‘qnéﬁ@él!ﬂ't ﬁ&?f 3y, pnganpther. | ded in
opposite directions about the |ines
4. Multilayer shaped armour according to claim 3 in which the layers forming
said pairs with darts at the same angular location are alternate layers.

5. Multilayer shaped armour according to claim 1 in which the darts extend
radially from at least one point or area of convergence.

20 6. Multilayer shaped armour according to claim 5 in which the darts are
angularly staggered from one another around the point or area of convergence
by an angle which is equal to or greater than the angle of the V-shaped
sections before folding.

7. Multilayer shaped armour according to claim 1 which is body armour
25 comprising at least one part specially shaped to fit over a shaped part of the
body such as a torso, a neck and/or collar area, a shoulder area, or an elbow,
knee or other joint area.

8. Multilayer shaped armour according to claim 7 which is shaped to fit over the
bust of a female wearer, having two laterally-spaced internally concave
30 recessed parts corresponding to the bust, in which the darts are angularly
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formng their darts 37. The pl eat L7 ﬁm\tmus and L8-L2 are all

15 angul arly spaced apart fronﬂ!’]m panses of the |ayer 30

that are R@bosiusey ed by pleats ,gi st agger i ncWisdghasdart s
37 and the selective orientation of the pI é'at§ 4 no pleats in the pack
overlap one another. Mreover, pleats 40 whose 5 external ‘edges coi ncide
angularly with onﬁsammﬁreachbfmhemwuamﬂmspacbdmmdmmtmmkbd by

non- pl eat ed part .94 ci:ﬁé’sé SubRakia r 30 - nanely |ayers
L4-1L8 - so there 'S nO rrs ?Qﬁr?jtu{eyrdference lgeetk,é’v\‘/iei n pleats 40 that could
cause jamm ng or bulge formation. In the final assenbly, the pleats 40 are
evenly di strishut dukilayenshapbdamdue ac¢urding totlaikh 8 ih vhichyaid twdlatefdlysses,
provi ding two ext t
Cocations_cover edPRFL ﬁé%%%é%a%gie%%?fw?s%éﬁaéior@shh%?%%@w&5d@% a
protecti v8 areas apwad the\uppendower and outersdgesofitherecgssed parts, definingaachi eved
sinply by incl udi it desired
cﬂﬂnﬁi&ES Bust ( ﬁoﬁ&suopgg& réédiving ﬂ[ett@vo%eés%e

extra | ocations. ront panel Fig. 1 can be nadé by fitting
t oget her a chosen nunber of packs of the twelve | ayers 30 assenbl ed as
descri bed, e.l9. MMultifayekshapedarpunpcaordidg kapieim pan8lin ehidhthe dariossdendraki ng

up a 36- Ia er pa fractional
agsenbl [ esy 0 Qfdxv\%l)g%%n %}Fnhgc &ew&s%%g(ft&}’a e%epanel 20
Fig. 6 shows howcpagsppgdlog tq)ﬂwesvsm&m er$a¥d§9¢°§§%£n artsethe dars extending-aboye el ed

to form gpe backaﬂaaabw?tﬂeafm 1ﬁtso¥aré£'b?cod@%h§e5@r%ﬁ%9&‘ﬂﬂfaﬁ QFm the
back panel 20 ar ed her, curved to the back's shape Then sewn or
ot herwi se attachg"ﬂgrt ut g;gqs | ayers 50 except the last five are sewed

t oget her around their peri phery at 51 and crosswi se at 52. The last five
layers 50 (wWhh ChpiililayBshbPf Smour according to claim 1 in which the V-shaped

sections each make an angle of 10 to 40 degrees, usually about 15 to 30

degrees.

Q

15 12, Multilayer shaped armour according to claim 1 comprising darts in at least
three angularly offset positions about the or each point or area of
convergence.

13. Multilayer shaped armour according to claim 12 comprising comprising darts
in at least six angularly offset positions about the or each point or area of
20 convergence.

14, Multilayer shaped armour according to claim 1 in which the layers of
penetration-resistant material comprise polyaramid fibers.

15. Multilayer shaped armour according to claim 1 in which at least one of the
layers of penetration-resistant material comprises polyaramid fibers bonded to
25 a polymeric continuum.

16. A method of manufacturing multilayer shaped armour as defined in claim 1,
comprising:

- providing multiple layers of flexible relatively inelastic penetration-resistant
material to be assembled into the shaped armour, each layer having fold lines

30 defining at least one dart comprising a generally V-shaped section of the
AR haste
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25 cl osest the body) are sewed to —Tder nd the peri phery at 51.
Then the packs are stitched togeth ﬁl\ E\i gﬂm!\? and side regions of

t he peri pher The front and ba e then e |
their resp@'d %/éz Fover | ayer and li R ng, and the Velcro fastgﬁﬁ%sgﬁggl
straps fitted. Exanple 30 The shaped front panel of a bullet-resistant
vest was manufact w.ed: dﬁfc‘%ﬁ? dgefstb zln?ﬁﬁi ﬁm Style
363F fabric sewed u5| %qgggﬁﬁet?ﬁﬂev ar i eﬁ%M g evi a?ﬁ is a
DuPont Regi st er ed anqtherareynd neROIRL qrarea §§BYPB$%°son a bust measuring
94-64-97 cm (size 42). The f| ni shed shaped front panel was nounted on a

Pl astilina backin I ts.

Bul l ets were ai meg’ 'gﬁ%ﬁlé %W@%ﬁ%‘zgﬁ%& {oaﬂ&ﬁttﬂee&ﬁgé)v%%&g’r "Zt 5
part under standaﬂwlsmmth memwlhmmtdlmmnwnmhemhe first
hal f of theg pack, RBly iR dipod bal listic design.

Mor eover, the backface deformat I on on the PI astl | ina was satisfactory. 17
CLAIMS 1. Arnor nmade of nultiple layers of flexible relatively inelastic
penet r at i on- r esi-s hssembling theimibltipledayats toofofmitheshapedipart ayithodants @f differdnt

protected, wherei S

successi ve layerSﬁg}ﬁ%ﬁgﬁm{'éﬁgﬁoﬁﬁé%&“@ﬁkﬂﬁf&é‘\ﬂﬂﬁ&e@?&hﬁﬁ mat eri al
having at |east omatesial foldesindireptionsite distribute ﬁ?@ﬁd@ﬁ)ﬁhiﬂkmﬁsﬁgb@tj@hér ally

V- shaped section ) afiges are joined to formthe dart, with the V-shaped
section folded on itself and fol ded over to one side to forman added

t hi ckness
10 - attaching the shaped multiple layers to form the armour.

17. The method according to claim 16 in which pairs of the layers of material
have darts at the same angular location, the V-shaped sections of these layers
being folded in opposite directions so they do not overlay one another.

18. The method according to claim 17 in which the pairs of layers with darts at
15 the same angular location are assembled in alternate layers. ’

19. The method according to claim 16, 17 or 18 in which the edges of the V-
shaped sections are joined to form the darts by sewing, stapling, rivetting or
gluing. '
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mul tiple layers being angularly offset fromone an | ded
V-shaped sections 10 ‘mmmmu“u ‘l ‘M| sai d add

di stri but equeyhpianti al |y d shaped east ,(;m-,
the layers of penetration- r'esi’st &nt "mai er al conprising a fabric bonde

or coated with a reinforcing conti ANFNDRDFCLAIMSdS over a sel ected area
to be protected of said at |east one Iayer with the exception of the or

each fol ded-over n.for h .
Fol ded over v - qsireceioR? g% “E‘g‘fg ISII?;F%%%PQ;;? B, 68)'2
Ml til ayer shaped ar nBR | DEWHC ed V- shaped
sections are d r mor
according to ?‘T#g M‘mﬁf%gnﬁggég%ﬂf}@dy M#e&i&% g %g"?ts at
the sane angul ar kaped Jp fit overcs shapesd areq to/be protrstedp whersinthe layers are

MUl £11 ayer ”SEQBS?‘E?’% ‘“”‘cco""“r aito i ibtesie fers O R riMewill ot oF Y s

said pairs with ghmatenal g&??gl ?Fﬁbeégﬁdhaiﬁ maegﬁﬂﬁﬂ?g]

Mul til ayer shapedf-shapad smnonrwhusg etigescdraijointd ton foxini thie darie withrthe E:shaped
radially from at th Iﬁ*ﬁﬁ haped
arnor accordi ng ﬁtafofr%ggoﬂq*s%aﬂéf@ﬁ@ﬁ%@?@%ﬁﬁgﬁg%ﬁrm s‘%ég ger.e from
one anot her ar ouﬁuef Yﬁtﬁ?ﬁ lying va agiaend °§ﬁh°a‘ﬁ§?fe N-"Fo or
greater than thelsyegl tein aﬂghﬁﬂY—oﬂB&Fﬂﬂn%ﬂ@hﬂdﬁlﬁ with. the m&édv edfsbamé

Shaped Lot it oy bReEdid i A doled ikl O HRbuEe Pt “1@5“‘%%??%%%@% part
arnor accordi ng sheped atem &t lmm ¢f§hehage@fpmmmwesmmmtcoepnm emal e
wear er, having 1t Wi Srded Yo 8Pecabd wm srréiﬁfakein BdHemMEn HiGH &Qchds DvkSa

COr T SSPONLNG, Loyt i 4l of s 0 B i SR ™

t hi ckness is each folded-over V-shaped section forming the or each dart, said folded-over V-
15 shaped section consisting of fabric only.

overlaying or underlying _an adjacent—part—of the I a er iiee n said

2. Muitilayer shaped armor according to claim 1 in which the folded V-shaped
sections are oricnted in different directions,

3. Muiltilayer shaped armor according to claim 2 in which pairs of the layers of
material have darts at the same angular location, with their folded V-shaped parts
20 . oriented in opposite directions so they do not overlay one another.

4. Multilayer shaped armor according to claim 3 in which the layers forming said
pairs with darts at the same angular location are alternate layers.

5. Multilayer shaped armor according to claitm 1 in which the darts extend radially
from at least one point of convergence.

25 6. Multilayer shaped armor according to claim 5 in which the darts are angularly
staggered from one another around a point of convergence by an angle which is
equal to or greater than the anglée of the V-shaped sections,

7. Multilayer shaped armor according to claim 1 which is body armor comprising at
least one part shaped to fit over a shaped part of the body.
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5 distributed substantially evenly. 9. Mul til ayer straped—arsor—

according to claim8 in which_said tw lateratty-spaced c cave recessed
parts corresponding to the bust are formed by darts aroun Bpeanemw
and out er ecgges of the recesseﬂmmm‘“auﬂ'mi H a continuo

(" nono- cupVWOM¥M2}%ecei vi ng t he 10. Ml ti

arnmor according to claim8 or 9% n®wht ch' t e darts extend radi ally rom
| ateral | y- spaced p0|nts of convergence corresponding to the centers of sald

recessed partg \t@cﬁﬁmhﬂmvys YORsVep Hiz bt

conver gence over n ggér aII an Ie ast out 180 deaqrees
Mul til ayer shape ??5"2‘1" 'W“F%)WFFPP#YPH% ﬁ&fg‘épﬁct I ons
15 each nmspﬁndmybehobu@ntmmﬂwdytees ang@larly/offsst laconpd eathapfed

arnor accordi ng hibsrin %mgq Ldagked Haue whidha dtgaagdamsaggy
of f set p05|t|ons{h§bou{;11 f §conve?l(?‘:;&eﬁc‘ie 1§whkwu tilayer shaped arnor
GH%W‘S' ovgaly: s |n at

accordingSto cl ad | east six angularly offset
positions about a poi nt of convergence. 14. Multil ayer shaped arnor

compr | 56 pot yiar aiultley i el bl pocBis aéj Ceaifio0a REES 0 o b ipal BT
1 in which ther e canceaveresesspd pParts mgpq ﬂf‘tael?q’rf ge Sy g’érﬁpﬁﬂ{?gﬁl%’ﬁ he
area of the fol de@p&vwaﬁd GuterSéiges dfme@ettesswpmseacﬁ:ﬁnmg cantinapexishiaped he

f ol ded over Iayer f ﬂ{ﬂ%«l} rts, the angular 25

of fsetting of sai % %Prpaf@g“%’%g Qﬁeagg and said discontinuities in
the reinforcing contl nuum of the different |layers to avoid bul ges and
excessi veygst i fof nmnlaitﬁ' shiped W%cﬁhﬁaed QM08 op OCHY hiel the dadtsakxtedd i n

whi ch said reinf o con S r

metal foil or a ﬁ%@?"‘%ﬁ”& Qfg#”@ Afccowiéfgénl% Fs;b&ﬂn ?\%%Ead

armor accordi ng tcanteﬂsaxf 5314 rgcessosh pasts, the darts extending %&%IPW e two pomts
of convergence over an overall angle of at Jeast about 180 degrees.

11, Multilayer shaped armor according to claim 1 in which the V-shaped sections
15 each make an angle of 10 to 40 degrees.

12. Multilayer shaped armor according to claim 1 comprising darts in at least three
angularly offset positions about a point of convergence.

13. Multilayer shaped armor according to claim 12 comprising darts in at least six
angularly offset positions about a point of convergence.

20 14, Multilayer shaped armor according to claim 1 in which the layers of penctration-
resistant material comprise polyaramid fibers.

15. Multilayer shaped armor according to claim 1 in which there are discontinuities in
the reinforcing continuum in the area of the folded over darts, said discontinuities
being covered by the folded over layers of the fabric forming the darts, the angular

25 offsetting of said darts distributing the darts and said discontinuities in the
reinforcing contiouum of the different layers to avoid bulges and excessive
stiffness.

16. Multilayer shaped armor according to claim 1 in which said reinforcing continuum

is a polymeric film or coating layer, a metal foil or a sheet of rubber or clastomer,
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| ayers of penetration-resistant material are glued or bonded together.-as a —
sandwi ch. 18. A net hod of nam‘m—ngﬁml—t—rt—ayer shaped arnor as defined

in claiml, conprising: 5 iple | ayersTloﬁShkétHxaB;heReplaced
relatively c penetrati wgp "m rial to be

t he shapedwgsr#é@i{ieach | ayer ’ Iedefi ni ng at

conprising a generally V-shaped section of the naterial , the ar of t

different |layers being angularly offset fromone another around at Ieast
one point of rpnMulgiapercshaped dremws acamdingto tlaim [lapewhiclnat least two suocesswe

penetration-resi Ed"i
coated with a retf orgi,% conltl nuumIh ﬂ %‘ g’g\ﬁj%e?@cghgfectﬂg area to

be protected of said at | east one layer with the exception of the or each
f ol ded- over \igshap esbiisdc bf amnbfactaring rltlaper shaped emmdr, ass défthedl dh ddairoder

V- shaped section &?%a#lﬁoél ng of fabric only; - joining the edges of the
V- shaped section€ ‘mthe dart(s) in each layer, the 15 | ayers
with formed darts all having substantially the same peripheral shape for

assenbl y isnt-o themtaaﬂgédnﬁn r layers a6fs flegiblengplitivelynitielastid @ehettatioisresiatahor m
the shaped part, ant,

anot her and wt h"‘taﬁeémb ha nesgmébgé{ ?n%%?ﬂ%fﬁﬁ@f%ﬁﬁ:é&?%{iﬂ&i@&& 9%3“%?%“? glﬁgp'?o
di stribute the adefning hibﬁea%%@m& geperally: N+shapag facting of the matgrialachi ng

tlhe Shiged % ti ﬁt&a&:@w f dxﬁatanary&hse@g mgﬁm%ffsmrﬂaw?sbm@fmmﬂ to
claim in whic alrso ayers ar he, s
angul ar | ocationle ‘%‘%ﬁ:{l ‘é’éz"lnfﬁrfgtlﬁft? %le“‘r E@'ﬁﬁs§ PET ?‘bf"a}?&n
opposite directi mnembcbmplysmg)arfebnmbmdbdtyo on eoztgdowith ra, reixforcing econtinuvmi
2ane angul ar ICL)gatl%lg BABYE el it B ?‘?“f%“é“rﬁq?f* éneThieE R
according to cl afh \Eﬁﬁ'ﬁﬁrf?‘é%@?‘h?ﬁr ‘fﬁfﬁﬂ’l“f‘% 't o
the fabric, w't hs&bﬁoldémbve?M-shipedﬁecﬁuWDnﬁﬂﬂthﬁbaumly, before foI ding the

darts. 22. The nethod according to claim 18 in which the reinforcing

continuumis applied to the fabric aftsr f ol di nP of the art(s]%.
- joining the edges of the V-shaped sections to torm the dari(s) in each layer, the

15 layers with formed darts all having substantially the same penpheral shape for
assembly into the shaped armor;

- assembling the multiple layers to form the shaped part, with darts of different
layers angularly offset to one another and with the V-shaped sections of fabric
folded in directions to distribute the added thickness substantially evenly; and

20 - attaching the shaped multiple layers to form the armor.
19. The method according to claim 18 in which pairs of the layers of material have
darts at the same angular location, the V-shaped sections of these layers being

folded in opposite directions so they do not overlay one another.

20. The method according to claim 19 in which the pairs of layers with darts at the
25 same angular location are essembled in alternate layers.

21. The method according to claim 18 in which the reinforcing continuum is applied
to the fabric, with the application of heat and pressure, before folding the darts,

22, The method according to claim 18 in which the reinforcing continuum is applied
to the fabric after folding of the dart(s)
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23. The method of clai mI8 Tnmwhichaperipheral edge part of the fabric is
free fromthe reinforcing d the successive |layers are joined
by sewi ng around said pem,ﬂimgﬂ[rmﬂﬂg&m of the fabric. 24. The nethod
accordi ng g 18, 19 he edges of the V-

sections a&goﬁd@ﬁg‘)d to formthe darts by sew ng, stapling, r?@ﬁfsg%ﬁ“ﬂ

gl ui ng. AMENDED SHEET

23. The method of claim 18 in which a peripheral edge part of the fabric is free from
the reinforcing continuum, and the successive layers are joined by sewing around
said peripheral edge part of the fabric.

24. The method according to claim 18, 19 or 20 in which the edges of the V-shaped
5 sections are joined to form the darts by sewing, stapling, riveting or gluing.

—
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