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Description

[0001] The present invention relates to an impact-re-
sistant protective garment comprising closed rings
joined together to form a layer inside the garment to af-
ford protection against impacts. The protective struc-
tures of this kind are commonly known, and reference
is made especially to European Patent Application no.
119406 showing a typical protective layer consisting of
rings. These structures are used for instance in butch-
er's aprons to prevent sharp objects from penetrating
through the garment, because closed rings attached to
each other prevent the passage of such objects where
the part penetrating through the garment would be a
long cutting edge.
[0002] The above-mentioned structure is, however,
insufficient if the passage of objects with a sharp point
acting as a part penetrating through the garment is to
be prevented. The point of a spike can manage to get
through a ring, and depending on the convergence of
the point, the depth of penetration in one single ring can
be quite considerable and results in damage to the
wearer of the protective garment. The rings are joined
together in such protective layers in a manner that the
rings are interlaced, that is, they are joined together in
a chain-like manner to form a two-dimensional protec-
tive layer. One possible solution to this problem would
be a sufficiently small size of the rings, but because of
the special manufacturing technique the manufacturing
costs may rise high and as for the manufacturing tech-
nique, it may prove even impossible to provide so closed
a structure as is desired. The material of the rings (metal
wire) must possess certain thickness to afford sufficient
tensile strength to the layer, but on the other hand, form-
ing of rings having sufficiently small diameters from a
thick material may be difficult in the manufacturing tech-
nique. The ratio inner diameter / material thickness must
have a certain minimum value.
[0003] The purpose of the invention is to eliminate the
above-described drawbacks and to present a protective
garment of the kind that prevents efficiently the pene-
tration of sharp pointed objects through the garment, be-
ing thus particularly well suitable for persons that may
in their duty be exposed to an attack performed with a
sharp spike-shaped object, for example for policemen
and prison guards. For achieving this purpose the pro-
tective garment according to the invention is mainly
characterized in that elongate filling elements of limited
flexibility having a modulus of elasticity of not less than
40 kN/mm2 are threaded through the rings, which sur-
round the filling elements to prevent the penetration of
spike-shaped objects through the rings. One filling ele-
ment can thus decrease the free area of the surrounding
rings as seen in the direction of the impact, and although
there remains some free space between an individual
ring and the filling element extending therethrough, it is
so small that, at the latest, the section widening after the
point of the spike-shaped object will become stuck

therein. The filling elements have sufficient strength and
limited flexibility, which means that they are rigid to such
extent that they maintain their positions when the object
is penetrating into the ring and do not form a bend next
to the object.
[0004] Furthermore, the invention has some advanta-
geous embodiments presented in accompanying de-
pendent claims 2 to 10 and in the description hereinbe-
low. Metal or metal alloy is preferably used as material
for the filling elements so that at least the outer layer
thereof is of metal, for example twisted metal wire braid-
ed on a lighter core consisting of another material.
[0005] The invention will be described in the following
more closely with reference to the appended drawing
wherein

Fig. 1 shows the construction and attachment of the
protective layer of the protective garment ac-
cording to the invention in front view,

Fig. 2 shows the filling elements to be used in the
invention in perspective view, and

Fig. 3 shows the upper part of the protective gar-
ment according to the invention in vertical
section.

[0006] In Fig. 1 is shown a protective layer 1 against
impacts seen in the front, that is, in the direction of im-
pacts. The basic structure of the protective layer con-
sists of rings 2 joined together by interengaging them in
chain-like fashion. The rings engage thus each other to
form a two-dimensional layer, as seen in the front view.
The layer can not unravel, because it is constituted of
closed rings connected permanently to each other. The
structure of the ring net of this type is well-known previ-
ously, and it is formed by end-to-end welding of short
lengths of metal wire, such as steel wire to form the rings
and to interconnect them. Also the manufacturing meth-
od and the devices used therein are previously known.
[0007] In the practice the ring net structure extending
along a plane is accomplished in such a manner that it
has parallel ring rows 1a. In one row the rings are in-
clined mainly parallelly to each other to a certain acute
angle with the main plane, and in the adjacent row the
rings are inclined with regard to the main plane of the
layer 1 to an angle of approximately the same magni-
tude but to an opposite direction. Every two adjacent
ring rows 1a are connected in such a fashion that two
successive rings 2 of one row 1a are intersected by a
common ring 2 of the adjacent row 1a, which ring is thus
inclined with respect to the main plain of the layer to an
acute angle having a magnitude equal to and a direction
opposite to the angles of the said two rings. The layer
is in this way formed of adjacent rows 1a, where the
rings 2 of every other row are substantially parallel. The
most common material of the rings is steel, but also ti-
tanium is possible, provided that it can be welded suffi-
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ciently well.
[0008] The ring rows 1a constitute straight passages
in the direction of the main plane of the layer 1. Elongate
filling elements 3 are passed through the passages. One
filling element 3 extends thus through successive rings
2 of the same row 1a so as to fill the free space otherwise
present inside the ring. The elements 3 have limited flex-
ibility, bending to such an extent that in the longitudinal
direction of the filling elements 3 the layer possesses
flexibility required by the use of the garment. In the di-
rection perpendicular to the longitudinal direction of the
filling elements the protective layer 1 is more flexible,
because the adjacent ring rows 1a are able to turn in
relation to each other unprevented by the filling ele-
ments. Hence, the most advantageous orientation of the
filling elements 3 in the garment is vertical, the garment
fitting well around a vertical body part such as chest,
abdomen and back. The ring rows extending from above
downwards are in this case attached at their upper ends
to the upper ends of the respective filling elements 3
using a suitable solution, for example as shown in Fig.
1, by means of a lug 6 attached to the upper end of the
element 3 and connected to the uppermost ring 2
through a fixing loop 7. In this way the elongate filling
elements 3 at the same time keep the layer sufficiently
extended in vertical direction and prevent it from slipping
down. It will be sufficient to have such attachments only
in some elongate filling elements 3 at certain intervals.
Correspondingly, the lower ends of the elongate ele-
ments can be equipped with similar attachments to pre-
vent the layer 1 from slipping towards the middle in op-
posite direction, for example in the event that the gar-
ment is temporarily positioned upside down during stor-
age.
[0009] Fig. 1 further shows how the layer 1 can be at-
tached to backing material for example by means of a
yam 8, which passes at certain intervals along the width
through the rings 2 at the upper ends of the ring rows
1a. The layer 1 can be attached in the same way along
its side edge and lower edge to the backing material to
be described hereinbelow.
[0010] Fig. 2 shows the structure of the filling element
3 in more detail. The elongate element 3 has sufficient
width in the direction of the plane of the layer 1 so as to
fill well the inner space of the ring 2. The ratio of this
width to the inner diameter of the ring is preferably such
that (D-d)/2 is not higher than 3 mm, preferably not high-
er than 2,5 mm and most preferably not higher than 2
mm, D representing in the equation the ring inner diam-
eter in the width direction of the elongate element 3 and
d the width of the elongate element 3. The above limit
values are thus the widths of the free spaces remaining
on both sides of the element when the element passes
approximately through the centres of the rings. As ap-
parent from Fig. 1, these void inner parts of the rings are
partly covered also by the material of the rings in the
adjacent ring rows.
[0011] In order to provide the element 3 with sufficient

width and strength without need to make it too heavy, it
is most preferably manufactured of a component yam
having a metal outer sheath 3b withstanding well im-
pacts, and a core 3a of a material lighter than the outer
sheath. The core can be for example a yarn manufac-
tured of synthetic polymer fibre, natural fibre, ceramic
fibre, or metal fibre lighter than the outer sheath. Metal
filaments have been multiplied, doubled, double-dou-
bled or braided around the core to form the outer layer
3b, resulting in a metal wire rope which is light enough,
but strong and rigid. The metal can consist of for exam-
ple steel, titanium or aluminium filaments, including al-
loys and combinations of different filaments.
[0012] Further, a metal core and plastic coating can
be used in the component yarn, or glass, carbon or met-
al fibre or some combination thereof as the core yam
and over it a plastic coating made by pultrusion can also
be used. Also such combination is possible that the met-
al core is surrounded by a surface layer of natural fibre.
[0013] It is apparent that the filling elements can be
entirely of the same fibrous material, and for the sake of
rigidity filaments of metal, such as steel, titanium, alu-
minium or some alloy thereof are most suitable. These
filaments have been multiplied, doubled, double-dou-
bled or braided to form a yam.
[0014] In the upper portion of Fig. 2 there is shown a
filling element 3 having an advantageous cross-section.
The dimension of the cross-section of the filling element
in the direction of the plane of the layer 1 is greater than
in the direction perpendicular to the plane. An element
of this shape, being wide in the direction of the plane
fills well the inner parts of the rings, which are oval when
seen in the direction of the plane. The "flat" yam con-
struction of this kind can be manufactured for example
by braiding.
[0015] Regardless of the structure or shape of the fill-
ing elements 3, they should have sufficient stiffness to
maintain their position blocking the sharp object to pre-
vent its penetration. The elastic modulus, correlates well
with these properties related to stiffness, whereby the
filling elements have a modulus of elasticity which is not
less than 40 kN/mm2.
[0016] Fig. 3 shows one example of the protective
garment according to the invention in longitudinal sec-
tion taken vertically, that is, parallelly to the direction of
the filling elements 3. The protective layer 1 is situated
within the garment, a layer 4 made of ballistic fabric for
protection against bullets being placed on the outer side
thereof. A woven fabric is preferably used in this loca-
tion, because when one hits with a spike-shaped object
on the side of this layer 4, fibres become detached from
the fabric and as they travel together with the object they
fill more the void space between the rings 2 and the el-
ement 3 in the protective layer 1. The layer 4 can be
made of any known ballistic fibre material having prop-
erties that allow to absorb energy of projectiles, for ex-
ample aramid fibre, VECTRAN fibre (fully aromatic pol-
yester, HBA-HNA copolymer) or PE-fibre (UHMPE, very
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large-molecular polyethylene). On the inner side of the
protective layer 1, that is, towards the body, there is a
relatively thick porous insulation layer 5, which can be
for example foamed plastic. The purpose of the layer is
to increase the distance of the front surface of the im-
pact-receiving layer 1 from the body and also to increase
the comfortability to the wearer. The insulating layer 5
acts also as the backing material, to which the protective
layer 1 can be attached in the above-described manner
by sowing with the yam. A protective garment equipped
with a ballistic fabric and a layer 1 protecting against
impacts operates well as a protective garment against
both "fast" impacts (bullets) and "slow" impacts (edged
weapons). A ballistic fabric can be placed also on the
inner side of the layer 1 to afford even more effective
protection against bullets.
[0017] In the total thickness of the protective garment
the protective layer 1 is located clearly near the outer
side and spaced from the middle plane, that is, it is shift-
ed towards the direction where the impacts that it is ar-
ranged to stop will come from. The thick insulation layer
5 on the inner side is capable of compressing and it will
damp the impact energy. The protective garment is fur-
ther coated on its outer and inner surface with a suitable
surface layer 9 which forms a sort of bag around the
protective layer 1 and protects the layers 4, 5 remaining
inside against wear.
[0018] A garment according to the invention is for ex-
ample a protective vest 10 which can protect the body
in the area of the chest or both the chest and back and
which has a construction known as such. It is, however,
possible to apply the solution of the invention also to
coats and other garments. It is also possible that the
protective layer 1 can be located only in one area of the
garment, for example to protect the most important body
parts.
[0019] In one practical realization, the protective layer
1 was manufactured from a metal ring net which con-
sisted of wires having the thickness of ca. 0,8 mm. The
wires had been welded end-to-end to form rings having
the inner diameter of ca. 5,5 mm. Through ring rows con-
sisting of the rings were threaded straight steel wire
ropes of the thickness of ca. 2 mm, the cores of which
were cotton yam. In impact tests made in accordance
with European Standard EN 412:1993 (width of the
spike 3 mm, weight of the falling body together with the
blade 1035 g) it was found that the layer prevented ef-
fectively the penetration of sharp spike-shaped objects
to such depths where they would present danger to the
wearer of the protective garment. When a ballistic fabric
made of aramid fibre was used in front of the layer 1, a
protection was achieved against nickel jacket bullets
shot with a 9 mm handgun at a distance of 4 m.
[0020] Filling elements 3 can be used also in conjunc-
tion with ring nets of another construction to fill vacant
spaces inside the rings for serving the purpose of the
invention.

Claims

1. An impact-resistant protective garment comprising
dosed rings (2) joined together to form a layer (1)
inside the garment to afford protection against im-
pacts, characterized  in that elongate filling ele-
ments (3) of limited flexibility having modulus of
elasticity of not less than 40 kN/mm2 are threaded
through the rings (2) which surround the filling ele-
ments, to prevent the penetration of spike-shaped
objects through the rings (2).

2. A protective garment according to claim 1, charac-
terized  in that the filling elements (3) are threaded
in parallel relationship to each other through parallel
ring rows (1a).

3. A protective garment according to claim 2, charac-
terized  in that the ring rows (1a) are constituted of
successive rings (2) whose planes lie parallelly to
each other and of which every two successive rings
are joined to each other by means of a ring (2) of
an adjacent ring row passing through said two rings
(2), the plane of said ring being at an angle to the
planes of said two rings.

4. A protective garment according to claim 1, 2 or 3,
characterized  in that the filling elements (3) are so
placed that they extend from above downwards in
the use position of the garment.

5. A protective garment according to claim 4, charac-
terized  in that the rings (2) are attached to the upper
ends of the filling elements (3) to prevent the layer
(1) from collapsing.

6. A protective garment according to any of the pre-
ceding claims, characterized  in that at least the
outer layer (3b) of the filling elements (3) Is of metal
or metal alloy.

7. A protective garment according to claim 6, charac-
terized  in that the filling elements (3) comprise a
core (3a) that is lighter than the outer layer (3b).

8. A protective garment according to any of claims 1
to 7, characterized  in that the cross-section of the
filling element (3) has a greater dimension in the di-
rection of the plane of the layer (1) than in the di-
rection perpendicular to the plane.

9. A protective garment according to any of the pre-
ceding claims, characterized  in that on the outer
side of the layer (1) protecting against impacts there
is a layer (4) made of ballistic fabric.

10. A protective garment according to any of the pre-
ceding claims, characterized  in that it is a protec-
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tive vest (10).

Patentansprüche

1. Schlagfeste Schutzbekleidung mit miteinander ver-
bundenen geschlossenen Ringen (2), zur Ausbil-
dung einer Schicht (1) im Inneren der Bekleidung,
die Schutz gegen Schläge bietet, dadurch gekenn-
zeichnet, dass  längliche Füllelemente (3) mit be-
grenzter Flexibilität und einem nicht unter 40 kN/
mm2 liegenden Elastizitätsmodul durch die die Füll-
elemente umgebenden Ringe (2) gewunden sind,
um zu verhindern, dass nagelförmige Objekte die
Ringe durchdringen.

2. Schutzbekleidung nach Anspruch 1, dadurch ge-
kennzeichnet, dass  die Füllelemente (3) zueinan-
der parallel durch parallele Ringreihen (1a) gewun-
den sind.

3. Schutzbekleidung nach Anspruch 2, dadurch ge-
kennzeichnet, dass  die Ringreihen (1a) durch auf-
einanderfolgende Ringe (2) gebildet werden, deren
Ebenen parallel zueinander liegen und von denen
jede zwei aufeinanderfolgende Ringe miteinander
mittels eines Rings (2) einer angrenzenden Ring-
reihe dadurch verbunden sind, dass dieser durch
die zwei Ringe (2) hindurchgeht und die Ebene die-
ses Rings in einem Winkel zu den Ebenen der bei-
den Ringe liegt.

4. Schutzbekleidung nach Anspruch 1, 2 oder 3, da-
durch gekennzeichnet, dass  die Füllelemente so
angeordnet sind, dass sie sich von oben nach unten
in die Benutzungslage der Bekleidung erstrecken.

5. Schutzbekleidung nach Anspruch 4, dadurch ge-
kennzeichnet, dass  die Ringe (2) mit den oberen
Enden der Füllelemente (3) verbunden sind, um ein
Auseinanderfallen der Schicht (1) zu verhindern.

6. Schutzbekleidung nach einem der vorstehenden
Ansprüche, dadurch gekennzeichnet, dass  min-
destens die äußere Schicht (3b) der Füllelemente
(3) aus Metall oder einer Metalllegierung besteht.

7. Schutzbekleidung nach Anspruch 6, dadurch ge-
kenzeichnet, dass  die Füllelemente (3) einen Kern
(3a) aufweisen, der leichter als die äußere Schicht
(3b) ist.

8. Schutzbekleidung nach einem der Ansprüche 1 bis
7, dadurch gekennzeichnet, dass  der Querschnitt
der Füllelemente (3) in Richtung der Ebene der
Schicht (1) eine größere Abmessung hat als in einer
zu der Ebene senkrechten Richtung.

9. Schutzbekleidung nach einem der vorstehenden
Ansprüche, dadurch gekennzeichnet, dass  auf
der äußeren Seite der Schicht (1) zum Schutz ge-
gen Stösse eine Schicht (4) aus balistischem Ge-
webe aufgebracht ist.

10. Schutzbekleidung nach einem der vorstehenden
Ansprüche, dadurch gekennzeichnet, dass  sie ei-
ne Schutzweste (10) ist.

Revendications

1. Vêtement protecteur résistant aux chocs, compre-
nant des bagues fermées (2) raccordées mutuelle-
ment afin qu'elles forment une couche (1) disposée
à l'intérieur du vêtement pour assurer la protection
contre les chocs, caractérisé en ce que des élé-
ments allongés (3) de remplissage de flexibilité li-
mitée, ayant un module d'élasticité qui n'est pas in-
férieur à 40 kN/mm2, sont enfilés dans les bagues
(2) qui entourent les éléments de remplissage, pour
empêcher la pénétration d'objets de forme pointue
dans les bagues (2).

2. Vêtement protecteur selon la revendication 1, ca-
ractérisé en ce que les éléments de remplissage (3)
sont enfilés parallèlement les uns aux autres dans
des rangées parallèles (1a) de bagues.

3. Vêtement protecteur selon la revendication 2, ca-
ractérisé en ce que les rangées (1a) de bagues sont
constituées de bagues successives (2) dont les
plans sont parallèles, deux bagues successives
étant raccordées mutuellement par une bague (2)
d'une rangée adjacente de bagues, passant dans
les deux bagues (2), le plan de cette bague étant
incliné par rapport aux plana des deux premières
bagues.

4. Vêtement protecteur selon la revendication 1, 2 ou
3, caractérisé en ce que les éléments de remplis-
sage (3) sont disposés de manière qu'ils s'étendent
de haut en bas dans la position d'utilisation du vê-
tement.

5. Vêtement protecteur selon la revendication 4, ca-
ractérisé en ce que les bagues (2) sont fixées aux
extrémités supérieures des éléments de remplissa-
ge (3) afin que la couche (1) ne puisse pas s'affais-
ser.

6. Vêtement protecteur selon l'une quelconque des re-
vendications précédentes, caractérisé en ce que la
couche externe au moins (3b) des éléments de rem-
plissage (3) est formée d'un métal ou d'un alliage
métallique.
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7. Vêtement protecteur selon la revendication 6, ca-
ractérisé en ce que les éléments de remplissage (3)
comportent une âme (3a) qui est plus légère que la
couche externe (3b).

8. Vêtement protecteur selon l'une quelconque des re-
vendications 1 à 7, caractérisé en ce que la section
de l'élément de remplissage (3) a une plus grande
dimension dans la direction du plan de la couche
(1) qu'en direction perpendiculaire à ce plan.

9. Vêtement protecteur selon l'une quelconque des re-
vendications précédentes, caractérisé en ce que,
du côté externe de la couche (1) qui protège contre
les chocs, est disposée une couche (4) formée
d'une étoffe balistique.

10. Vêtement protecteur selon l'une quelconque des re-
vendications précédentes, caractérisé en ce qu'elle
constitue une veste protectrice (10).
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