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(54) Title: A FLEXIBLE PROTECTION LAYER FOR BODY PROTECTING PRODUCTS

(§7) Abstract: Method for producing a
flexible protection layer which can be
incorporated in different body protecting
products in order to prevent injuries caused
by penetrating objects, such as nails,
pointed weapons and the like. According
to the method polymer fibres having a
high breaking point are embedded in a
hardenable binding material so that the
binding material surrounds the fibres and
upon hardening fixes the fibres in their
positions. The method is characterized in
that the fibres are embedded in the binding
material in a mutually unarranged order,
preferably felted together.The invention
also relates to a flexible protection layer
produced in accordance with the method
and which can be incorporated in different
body protecting products.
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A FLEXTELE PROTECTION LAYER FOR BODY PROTECTING PRODUCTS
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FIELD OF THE INVENTION
The present invention relates to a method of producing

5 a flexible protective layer which can form part of
various body-protecting products in order to prevent
injuries caused by penetrating objects, such as nails,
pointed weapons and the like, 1in which polymer fibers
with Thigh wultimate strength are ' embedded in a

10 hardemable binder, so that the latter surrounds the
fibers and, atfter hardening, £fixes the fibers 1n the
positions in which they are located.

The invention also relates to a flexible protective
15 layer which can form part of wvarious body-protecting

products, 2nd also footwear and articles of protective

clothing with such protective_la}?ers.

BACKGROUND CF THE INVENTION

20 In many situations, there is a need for protective
lavers which can be integrated into wvarious body-.
protecting products i1in order to prevent injuries caused
by penetrating objects such as nails, pointed weapons
and 4the like. One area where a great need exists for

25 protection against penetrating nails 1is footwear for
people who work on construction sites, where inter alia
construciion timber with projecting nails is found.
Treading on a2 pail can give rise to serious foot
injuries and infections.

30
It has long been known to use inserts made of steel or
metal in footwear Ifor construction workers. Such metal
inserts can provide good protection but have certain
disadvantages. Among other things, they contribute to

35 making &the shoe relatively rigid and stiff. This

prevents normal bending o¢f the foot and impairs the

sense of feeling against the ground, which can i1ncrease

the risk of inter alia falling and slipping accidents.
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Tn order to overcome some OIL these problems, US-A-
1701611 describes footwear with a flexible metal insert
which comprises a woven metal wire fabric. Howevex, the
use of metal also results 1in other disadvantages, as
5 metals are usually good conductors of both heat and
slectricity. Shoes with metal inserts therefore impair
the possibility of keeping the Ioot warm in a c¢old
climate and can, on account of thelr conductive
capacity, constitute risks in some workplaces and for
10 certain occupational groups such as, for example,

electricians.

Tn order to eliminate problems associated waith using
metal, the use of synthetic fiber material embedded in

15 a shoe scle has previously been proposed. In this
~onnection, the fibers are woven into a fabric, and one
or more layérs of such a fabric can then be molded
integrally in a shoe sole, so that the material of the
shoe sole completely impregnates the woven layers. An

20 example of a protective boot with such a sole 1is
described 1n US-A-5979081.

WO 99/13744 describes a variant of a protective boot
with layers of synthetic fiber fabric integrated into

95 the sole. TIn this case, the fibrous fabric 1is not
impreqnated with binder in the sole but can, Ifor
example, be fitted in a pocket formed between the inmer
and the outer sole of footwear.

30 Tt is common to all known protective layers using
synthetic fibers with high ultimate strength that the
fibers are applied in the form of a woven fabric or the
like, that is to say in a structure in which the fibers
are in some way arranged in a predetermined pattern

35 relative to one anothexr. Testing has nevertheless shown
rhat a nail, for example, is capable of "“finding 1its
way through” any arranged fibrous structure, even if
the latter consists of a very tight weave. In order to
orevent this, an impractical number and thickness of
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woven lavers would be required. This would make the

shoe clumsy, and 1increase 1ts weight and the
consumption of expensive fibrous material.

5 THE OBJECT OF THE INVENTION
A main obiject of the present invention is to provide a

method of producing a flexible protective layer which
can, for example, be used in footwear as anti-nail

protection, affords improved protection and can consist
10 of relatively thin and light layers.

The invention is based on the insight that this aim can
he achieved by using fibers made of a synthetic
material with high ultimate strength, which £fibers are
15 not woven or otherwise Jjolned togethex so that they
form a regular structure before they are embedded in

the binder.

In this connection, according to the present invention,

20 the particularly characteristic feature of a method of
the type indicated in the first paragraph is that the
fibers are embedded in the binder 1n an unarranged
state in relation to one another.

25 The protective layer will therefore consist of a binder
layer reinforced with fibers which are located close
together and are fixed in random positions relative to
one another. Such a layver with randomly oriented fibers
has been found to have very great resistance to

30 penetration and to constitute extraordinarily good

protection against penetrating objects such as nails,

pointed weapons and the like.

It is preferable for the fibers to be felted together

35 to form a handleable product before they are embedded
in the binder. This facilitates handling of the fibers
and thus the manufacture of the protective layer
without the fibers having to be structured as in a
woven fabric oxr the like.



10

15

20

25

30

4

CA 02432634 2009-10-19

- 4 -

In an especially preferred method according to the

invention, use 1s made of a high-molecular polyethylene fiber
sold under the trademark DYNEEMA® which, as a consequence of
its properties, inter alia a very high ultimate strength
and great rigidity, has been found to afford extraordinarily
good protection against penetration when, for example,
fibers made of this material are molded integrally, in an
unarranged state, 1in a shoce sole, suitably made of

polyurethane.

Other features of a method according to the invention and a
protective layer manufactured by means of the method and also
products provided with such protective layers are identified

below.

In accordance with an first aspect of the present invention,
there 18 provided a method of ©producing a flexible
penetration-resistant protective layer for footwear, the
method comprilising

(1) felting polymer fibers 1in a random arrangement 1in
relation to one another, to produce a manageable felted fiber
product;

(11) embedding the felted fiber product in a hardenable
binder, so that the binder surrounds the fibers;

(111) hardening the binder to fix the fibers in the positions

in which they are located; and

(1v) forming the hardened binder into a sole of the footwear.

In accordance with another aspect of the present invention,
there 1s provided a flexible penetration-resistant protective

layer for footwear, the layer comprising
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a hardened binder formed into a sole of the footwear; and

a manageable felted fiber product embedded in and surrounded
by the binder, the felted fiber product comprising polymer

fibers felted together and fixed in a random arrangement in

relation to one another.

In accordance with another aspect of the present invention,
there 1s provided footwear comprising a penetration-resistant
protective member, wherein the footwear has a sole comprising

a flexible protective layer of the invention.

In accordance with another aspect of the present invention,
there 1s provided a method o©f producing a flexible
penetration-resistant protective layer for a body-protecting
product, the method comprising

(1) felting polymer fibers 1in a random arrangement in
relation to one another, to produce a manageable felted fiber
product;

(ii) embedding the felted fiber product in a hardenable
binder, so that the binder surrounds the fibers:; and

(111) hardening the binder to fix the fibers in the positions
in which they are located to produce the flexible protective

layer.

In accordance with another aspect of the present invention,
there 1s provided a flexible penetration-resistant protective
layer for a body-protecting product, the layer comprising a
hardened binder, and a manageable felted fiber product
embedded in and surrounded by the binder, the felted fiber

product comprising polymer fibers felted together and fixed

in a random arrangement in relation to one another.
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In accordance with another aspect of the present invention,
there 1s provided an article of protective clothing
comprising a flexible penetration-resistant protective layer

of the invention.

The invention will be described 1n greater detail below with
reference to the i1llustrative embodiment shown by way of

example in the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

e R S

Fig. 1 1llustrates a shoe made with a sole with a

protective layer according to the invention.

Fig. 2 1s a cross section through the shoe according to Fig. 1.

Fig. 3 1s an enlarged part of Fig. 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figs 1 and 2 show a protective shoe according to the
invention with an upper part 1 which, 1f desired, can be made
with a protective cap (not shown) of conventional type.
Reference number 2 1indicates an outsole, suitably made of
polyurethane, and reference number 3 an insole made of a

comfort-improving material.

The designation 4 1indicates a layer for protection against

penetration by nails or other sharp,
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penetrating objects when tyrodden on. This layer
consists of a fibrous material which is molded
integrally in the polyurethane matexial of the outsole
2, so that the Iibers in the laver 4 maintain the
relative positions they adopted in connection with the
molding process. The fibrous material 1is therefore
completely impregnated with the polyurethane material
of the sole, so that this material completely surrounds
the fibers and fixes their directions relative to one
another, as can be seen more clearly from Fig. 3.

According to the invention, the fibers in the laver 4
are arranged randomly 1in relation to one another, so
that they do not form an arranged fibrous structure
like a woven fabric or equivalent.

In order to produce a handleable product made of such
randomly oriented fibers, which can be inserted into

the mold i1n which the outsole is molded during shoe
manufacture, the fibers can be felted together. Felting
means that the £fibers become hooked together and
attached to one another without forming a regular
pattern. Such a felted or tangled layer can, even if it

is thin, be handled as a unit during the procedure for
manufacturing the sole. Other methods of holding the
fibers together without them being strxructured but which
facilitate their handling can also be used. The

important feature is that the fibers are in “chaos”,
that is to say in an entirely unarranged state.

The fibers can, for example, be felted together to form
layers with a weight per unit area of roughly 500 g/m2.
During manufacture of the sole, it is then suitable for
two layers to be arranged one on another. Depending on

the thickness, 1t 1s also possible to use a single
layer or more than two layers.

According to the invention, it is preferable to use
fibers made of a high-molecular polyethylene material

PCT/SE01/02831
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which is marketed under the tradepame DYNEEMA®. Other
fibrous materials with equivalent properties can also
be used. The invention also includes the use of new
fibers with improved values which may be developed in

5 the future.

What makes fibers made of DYNEEMA® especially suitable
is inter alia their high ultimate strength and great
rigidity, which properties together afford wvery good

10 protection against penetrating objects. A suitable
fiber guality is DETEX 2.2.

According to the above, the invention aims primarily to
provide a means of protection against penetrating
15 objects of the type indicated above, such as nails,
pointed weapons and the like, which have a relatively
low speed in comparison with projectiles, such as

bullets.

n0 The invention has been described above in connection
with the protective shoe shown in the figures, in which
a protective layer is molded integrally 1in the outsole.
Ac an alternative to this, the protective layer can
also be molded integrally in a loose insole or 1in the

25 fixed insole.

The protective layex according to the invention i1s also
suitable for producing, for example, flexible
protective Jackets and protective trousers which
30 provide protection against, for example, stabbing with
a2 knife. In this context, the possibility of producing
a flexible oprotective layer is of the greatest
importance. This is achieved owing to the fact that a
protective layer according to the invention can be made
35 thin and contains flexible fibers. The binder is then
selected depending on application and can consist of,
apart from polyurethane, other polymeric elastomers.
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We Claim:

1. A method of preducing a flexible penetration-resistant
protective layer for footwear, the method comprising

(i) felting polymer fibers in a random arrangement 1in relation
to one another, to produce a manageable felted fiber product;
(ii) embedding the felted fiber product in a hardenable
binder, so that the binder surrounds the fibers;

(111) hardening the binder to fix the fibers 1in the positions
in which they are located; and

(1v) forming the hardened binder into a sole of the footwear.

2. The method as claimed 1in c¢laim 1, wherein the polymer
fibers are selected from at least one of high-molecular
polyethylene fibers and fibers having equivalent strength

properties.
3. The method as claimed 1n claim 1 or claim 2, wherein in
step (iv) the sole 1s an cutsole, and step (iil1) comprises

molding the fibers i1ntegrally in a layer of the outsole.

4, The method as claimed in claim 3, wherein the outsole is

constructed of polyurethane.

5. The method as claimed 1n claim 1, wherein in step (iv) the

sole 1s selected from a fixed insole and a removable insole.

6. The method as claimed 1in any one of claims 1-5, wherein in
step (1), the manageable felted fiber product comprises at

least one fibrous layer.
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7. The method as claimed in any one of claims 1 to 6, wherein

the felting in step (i) 1is performed to create a protective

layer resistant to penetration by sharp pointed objects.

8. A flexible penetration-resistant protective layer for
footwear, the layer comprising

a hardened binder formed into a sole of the footwear; and

a manageable felted fiber product embedded 1n and surrounded
by the binder, the felted fiber product comprising polymer
fibers felted together and fixed 1n a random arrangement 1n

relation to one another.

9. The protective layer as claimed 1in claim 8, wherein the
polymer fibers are selected from at least one of high-
molecular polyethylene fiber and fibers having equivalent

strength properties.

10. The protective layer as claimed in c¢laim 8 or claim 9,
wherein the sole 1s an outsole and the fibers are molded

integrally in a layer of the outsocle.

11. The protective layer as claimed in claim 10, wherein the

outsole 1s constructed of polyurethane.

12. The protective layer as claimed 1in claim 8, wherein the

scle 1s selected from a fixed insole and a removable 1insole.

13. The method as claimed 1in any one of c¢laims 8 to 12,
wherein the protective layer 1s constructed and arranged to be

resistant to penetration by sharp pointed objects.
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14. Footwear comprising a penetration-resistant protective

member, wherein the footwear has a sole comprising a flexible

protective layer as claimed 1n any one of claims 8 to 13.

5 15. A method of producing a flexible penetration-resistant

protective layer for a body-protecting product, the method

comprising

(i) felting polymer fibers in a random arrangement in relation

to one another, to produce a manageable felted fiber product;
10 (ii) embedding the felted fiber product in a hardenable

binder, so that the binder surrounds the fibers; and

(11ii) hardening the binder to fix the fibers in the positions

in which they are located to produce the flexible protective

layer.

15
le. The method as claimed in claim 15, wherein the polymer
fibers are selected from at 1least one of high-molecular
polyethylene fibers and fibers having equivalent strength
properties.

20

17. The method as claimed 1in claim 15 or claim 16, wherein the

manageable fiber product comprises at least one fibrous layer.

18. The method as claimed in any one of claims 15 to 17,
25 wherein the felting 1in step (i) is performed to create a

protective layer resistant to penetration by sharp pointed

objects.

19. The method as claimed in claim 18, wherein the sharp

30 pointed objects are selected from nails and pointed weapons.
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20. A flexible penetration-resistant protective layer for a
body-protecting product, the layer comprising a hardened
binder, and a manageable felted fiber product embedded in and
surrounded by the binder, the felted fiber product comprising
polymer fibers felted together and fixed 1n a random

arrangement in relation to one another.

21. The flexible penetration-resistant protective layer as
claimed in claim 20, wherein the polymer fibers are selected
from high-molecular polyethylene fibers and fibers having

equivalent strength properties.

22. The flexible penetration-resistant protective layer as
claimed in claim 20 or claim 21, wherein the protective layer
is constructed and arranged to be resistant to penetration by

sharp pointed objects.

23. The flexible penetraticn-resistant protective layer as
claimed in claim 22, wherein the sharp pointed objects are

selected from nails and pointed weapons.

24, An article of protective clothing comprising a flexible
penetration—-resistant protective layer as c¢lalmed 1n any one

of claims 20 to 23.

25. BAn article of protective clothing as claimed 1n claim 24,
wherein the article 1s selected from a protective jacket and

protective trousers.
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