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(57) Abstract: The invention relates to the provision of a suit for use to be worn by
a person when immersed in water or in contact with water and may be provided, for

example, as a wetsuit construction or a dry suit construction. The suit includes an
outer layer typically of a rubber foam construction and in accordance with the inven-
tion there is provided on the inner side of said layer, at least one portion of the suit, a
layer of wool (8) or wool blended with other material. This inner wool (8) containing
layer typically lies in contact with the wearer. In one embodiment the wool used is
that obtained from Merino sheep which is found to be particularly well suited.
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WETSUIT

The invention to which this application relates is a suit for use in or
in association with water, said suit being on occasion worn by a
person in conjunction with other diving apparatus. For ease of
reference, but in a non-limiting manner, the suit of the invention
includes wetsuits, drysuits, emergency suits, deep diving suits and
hereafter be referred to as a suit in this application. "

There are typically two types of suits worn by persons who are
participating in a leisure pursuit or sport either 1mmersed within a
body of water or on the surface of the body of water such as for
example surfing, wind surfing or the like." It should therefore be
appreciated that the advantages as described herein and in the co-
pending patent applications, are applicable to both types, wet suits
and dry suits, which are worn in any of these pursuits and indeed
any form of suit “such as emergency suits which are typically
required to be worn by a person who is likely to come in contact
with water during the pursuit of their leisure interest or sport.

The basic structure of a wet suit is provided to allow a limited
amount of water to enter and be held within the suit to improve the
insulation of the same and hence improve the warmth of the wearer.
The water is not permitted to flush in and out of the wetsuit as, if
this occurred, a large percentage of the retained diver heat energy -
would be lost. This control is typically achieved by the provision of
relatively snug fitting cuffs in the wrist and ankles and a snug collar
or attached hood around the neck or head. Zippers can also be
provided and, in conjunction with sealing flaps, can be adjusted to
limit the passage of water through the zipper and hence the wetsuit.
A drysuit can be formed of similar materials but does not.allow the

passage of water into the same.

CONFIRMATION COPY
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The suits are conventionally manufactured using closed cell foam
rubber such as, for example, using neoprene or chloroprene. The
foam rubber material includes closed cells which act to trap air or
gas therein and afford thermal protection and benefit to the wearer.
However, during diving, the water pressure increases on the suit and
hence the rubber foam and acts to crush the closed cells in the
material, reducing the volume of trapped air and depleting the
thermal protection offered by the suit as the wearer descends. When
one considers that the water itself is likely to get colder as the
wearer goes  deeper, it-will be appreciated that the wearer can
experience discomfort due to the temperature drop and this can act
~as a limitation on the activities of the wearer. Typlcally, every 10
metres of added depth 2dds another atmosphere of pressure ‘exerted
on the suit and, as the majority of diving activity occurs at depths of
25-50 metres ‘s‘o the pressure exerted can be large and in the order
of 11000 ‘to 23000 lbs per square foot in that depth range. The
effect of this on the rubber foam material used for the suit is to, for
example, crush a 7mm thick neoprene suit to under 2mm at the 30
metre depth range, thereby significantly crushing the closed cells in
the foam rubber and hence significantly reducing the thermal

protection provided.

In addition to thermal loss due to the increase in pressure, another
result of the crushing of the closed. cells in the suit material is that
there is a corresponding loss of buoyancy for the wearer as they
~descend. This buoyancy loss can be significant and, as a result, the
diver is often required to wear a buoyancy compensator which is
‘typically worn about the upper. torso in a similar manner to a life
jacket. As required, air is forced into the compensator from the
diver’s air tank under the control of the diver. While the buoyancy
compensator 1s effective it does represent another piece of
apparatus required to be carried by the diver and can, in certain
instances limit the degree of access which the diver has to certain
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confined areas. As such the buoyancy compensator is regarded as

being necessary but inconvenient.

The aim of the present invention is to provide an improved wetsuit
or drysuit for use on or in water and to provide the same in a
configuration which allows the thermal advantage provided to the
wearer to be improved, parucularly when pressures of the extent
discussed are exerted on the wetsuit. A further aim is to provide a
suit which allows 1mpr0ved control of buoyancy by reducing the

amount of air required to be introduced or exhaled.

In accordance Wlth a flrst .aspect of the invention there is proy‘lded
2 suit to be worn by a person in contact with water, said suit
including an outer layer of material, and wherein at least a portion
of the suit includes a layer of wool, or wool blend_ed with other
fibres or materials, which lies between the person and said layer of

material.

In one embodiment, solely wool is provided but in alternative
embodiments the wool can be provided mixed with other fibres or
materials to add or provide specific features to the wool. For ease
of reference hereonin, reference is made to wool alone, but it
should be appreciated that the embodiments are equally applicable
to all possible wool combinations and fall within the scope of this

patent application.

Typically, the wool or wool blended material is positioned over

portions which include any or any combination of the torso, legs

Variations can be made to the suit design to suit particular uses.
For example, when the suit is provided for use on thé surface of a
body of water, the need for the seams of the suit to bé watertight is
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reduced as the person wearing the suit may only come into irregular
contact with the water and indeed may never actually be submersed
within the body of water. Furthermore, as the tendency of the cells
of the foam or rubber material to compress is not as great when the
user 1s positioned at the surface of the body of water, a layer of
foam or rubber, if provided, and/or Wool/or wool blend, may be

reduced in thickness in companson to a suit for wear by a -person’ in

9.1'1 unde rwater ac thlty

With regard to a suit for use by a diver, the thickness of the wool
and/or foam or neoprene’ layers may be 1ncreased to prov1de,
partlcular advantages o the pérson wearing the suit at greater

depths i in the body of Water

In one embodiment suit is a wetsuit and at at least a portion or

' portions of said suit, water can pass between the inner surface of

the said Iayer of material and the person wearing the suit. Typically
the wool is provided at said portion or portions to lie between the

person and the said material layer.

In one embodiment if water does enter the wet suit, the same will

come 1nto contact.with the wool or wool blend.

In one embodiment, the wool is provided wherever water is
permltted to pass between the diver and layer of material. Typically
water is perrmtted to pass at the same locatlons as in a conventional

wetsuit.

In one embodiment the layef of material of the suit is manufactured
from conventional material such as neoprene or chloroprene. In one
embodiment the wool is separate to the layer of material and worn
as a separate layer., although the same may be attached to the said
layer at one or several locations. However, more preferably the wool
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is provided attached, typically by lamination, to the inner surface of
the layer of material so as to lie adjacent the diver’s skin when the

suit 1S wWorm.

Typically the wool is knitted provided in a laminated arrangement
- with the layer of material so as to provide an even thickness lining
on the interior of the suit. When used in a wetsuit the wool acts to
absorb and contain the water which is permitted to pass within the
suit and between the layer of material and the wearer.

In a preferred ‘embodiment the wool used is Merino wool.

In one embodiment the suit includes an outer layer, said outer layer
formed of a suitable material to provide required protection from

the external environment in which the suit is to be worn.

In one embodiment the wool is knitted into a layer and laminated to

the foam rubber.

When used with the at least one further material or fibre, a blend of
. the wool and material is formed. One advantage is a gain in
strength, especially if the material added is synthetic. A further
feature is that by adding selected material or fibres, the cost of the
wool containing layer can be reduced by the use of material which is

cheaper than the wool.

In one embodiment the wool blend includes a éynthetic yarn in a
proportion of about 1% to 40% by weight of the overall weight of
the blend.  However, this range should not be interpreted as

limiting the scope of the application.
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Another feature is to add a material to the wool which is at least
partially elasticated to offer improved elasticity (stretch) to the layer
and hence the suit.

In all cases the synthetic and/ or other natural materials added to
‘the wool are added in such a manner to ensure that the performance'
and advantages of added comfort 1mproved feel and look are
maintained’ along with the mherent advantages ‘of using a natural"

mate rlal

Ina further aspect of the invention there is, prov1ded a method of;'
manufacturmg a wetsuit or drysult for use with water, sald methodw
comprising formmg a 1ayer of material into a ‘shape for wearing by 2
person, and wherein a layer of wool or wool containing material is

provided to lie between the person and the layer of material when

the suit is ‘worn.

Typically the method includes the step of laminating the wool"
material as a lining to the inner surface of the layer of material.

When in the form of a wetsuit the method includes the step of -
providing means in the said material to permit the flow of water
between the inner surface of said layer and the divers skin when the
wet suit is worn and providing control means to allow the control of
‘the quantity of water and in a manner to ensure that the water
passing into the area between the diver and the layer of material

contacts and is absorbed by the wool material.

In a further aspect of the invention there is provided a wetsuit or
drysuit for use with water, said suit including an outer layer of
material and at least one inner portion formed of a knitted or woven

material, said inner portion provided as an integral part of the suit
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or to be worn as an inner layer over which the outer layer of

material is placed.

Typically the knitted or woven material includes a wool and other

material or fibre, such as a synthetic yarn, blend.

In one embodiment the wool used is Merino wool and the synthetic
yarn is any of the range of yarns available such as polyester and the

like.

In whichever embodiment, the advantages of iﬁipf’iﬁiféd hygiene, the
ability for the wet suit to be worn for a relatwely long period of
time, and the 1mproved thermal capacrcy, all of which advantages are
illustrated in greater detau in the co-pending applications are
achieved and provided to the wearer of the wet suit, regardless of
whether the wet suit is worn and used on the surface or within the

body of water.

Specific embodiments of the invention are now described with

reference to the accompanying drawings wherein,

Figure 1 illustrates a cross section of part of a wetsuit in accordance

with the invention, being worn; and

Figure 2 illustrates a cross section through part of the wetsuit in
accordance with the invention in more detail. '

Referring now to Figure 1 there is illustrated a wearer 2 wearing a
suit 4 in accordance with one embodiment of the invention. In this
case the example given is of a wetsuit however the same principles
of the invention construction apply when provided as part of a
drysuit. The Figure 1 illustrates the suit with the wall of the same
cut through in section for the purpose of illustration.
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In accordance with the invention the wetsuit comprises, in this
embodiment, a layer of neoprene or chloroprene 6 and on the inner
surface of the same is a layer of Merino wool 8 laminated to the
layer 6. The wool lining acts to at least partlally absorb the water
which - passes between the inside of the 1ayer 6 and the skin 10 of
“the wearer 2. The water is absorbed and held by the wool fibres to
form athermal barrier between the diver’s skin and the rubber foam '

closed cells.

In the wetsuit form there is also 1nc1uded control zones in the form
of smoothskln seals at the collar 12 and cuffs 14, Whlch serve to
‘restrict and prevent the flow of water in and out of the wetsuit at
the extremities of the suit. The head portion 16 of the wetsuit is
lperménently attached or can be sealed with the same by the collar
12 and, may also include the wool hnmg ‘8. The  control ‘zones
prevent the flushing of water in-and out of ‘the wetsuit and hence
minimise heat loss and ensure that the water enters the interior of
the wet suit in a controlled manner through “zippers” (not shown)

at selected locations on the wetsuit.

Figure 2 illustrates a typical portion of the material wall of the

wetsuit in accordance with the invention in cross section.

The wall includes the layer of neoprene 6 w1th an “inner” surface 20
which, when Wom faces the divers skin 10. To this surface 1s
laminated a wool layer, preferably knitted Merino wool, 8 which in
turn contacts the divers skin 10. An outer protective layer 22.can
also be provided as an option and can be laminated to the ocuter
surface of the layer 6 as shown to improve the strength of the

wets uit.
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Thus, in use, when worn, the wool layer faces and contacts the skin
of the diver. The wool layer is typically knitted and laminated using
standard gluing/ laminating techniques, to the inner face of the
rubber foam. The weight of the wool lining can be, but is not
limited to, 50 to 500 grammes per square metre. The water, when it
enters the area between the neoprene inner surface and the skin in
which the wool lies is thus absorbed by the wool and this has

several advantageous effects.

In the “first: mstance the water and ‘wool forms a- layer, of for
example 3- 5mm ‘of substantially non- compre331ble water and wool,
This layer and in particular the water held in the layer acts as a very
efficient thermal barrier which, because it is “substantially non
compressible is not 51gn1f1cant1y acted upon the increased pressure
as the depth of the diver in the water increases and therefore
maintains’ its thermal efficiency at increasing depths. The water is
absorbed by the wool layer and retained by the wool fibres to form
the thermal barrier between the diver skin and the neoprene foam
with the closed cells therein. As the wool is natural, the highly
intricate surface scale structures that are inherent in the wool yarn
is significantly better than the synthetic yarn surface structures
which are substantially homogeneous.

Thermal testing at BT'TG laboratories in Manchester UK has taken
place using saturated 260g/sq metre Merino wool lining in
comparison Wlth the densest most absorbent polyester loop plle
lining of a similar or slightly heavier weight. The comparison has
revealed that with thermal testing in saturated conditions on 7mm
neoprene the Merino wool/neoprene laminate was 35% more
efficient with a TOG reading of 1.7 as opposed to the polyester
loop pile/neoprene laminate that had a TOG rating of 1.26.
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Furthermore the Merino wool lining will absorb typically a 0.5mm
to 3.0 mm layer of water into the fibre of the wool such that as a
diver descends, the neoprene foam closed cells are crushed as
conventionally occurs but, as the layer of water in the wool is
substantially non compressible, it is not crushed and hence the
thickness of the layer and hence thermal efficiency and benefits are

maintained for the diver.

Another 1mportant advantage is that as the water has a relatively,
high thermal inertia; it is able to-absorb a large amount of ‘heat
energy and thus effectively a heat srnk is| created around the diver
‘which absorbs the heat emitted by the dlver durmg perrods of work,
retains the same and emits the same back to the dlver during

perlods OI lOWCI‘ exerc1se

A further result of the use of:a wool layer in accordance with the‘
invention is that the level of buoyancy loss as the diver descends is
reduced in comparison to the conventional wetsuits. There is less
requirement for inflation and deflation in use of the buoyancy
compensator and an easier, more comfortable, and safer diving
profile to be maintained by the diver. This can be particularly used
to advantage if the layer of rubber foam is reduced in thickness and
the layer of wool increased: in thickness thereby retaining and
improving the thermal efficiency of the wetsuit while at the same
time improving the buoyancy of the wetsuit as the compressible
element of the wetsuit is reduced.

The use of Merino breed wool is preferred as this gives greater
advantage. Specifically, the Merino wool provides an exothermic
reaction during the wetting process which can be referred to as the
heat of sorption. Merino wool also has high wrinkle and crush
recovery thus further enhancing the thermal properties. It is also
known that the Merino wool is resistant to odour ', hydrophilic,
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highly elastic with excellent recovery characteristics and relatively
non itchy and:comfortable in wet or dry condition which is
obviously advantageous when the layer is to be positioned close to
the skin. It is therefore preferred that the wool layer is formed of or
contains elements of Merino wool therein, although it will be
appreciated that this should not hm1t the scope of the patent
application to this form of wool alone as all wools contain to some

degree all ofthe aforementioned advantages.

Typically the wool is knitted to a weight of between around 50 to
around 500 grammes per sq. metre but can be anything from as fine
as less than 50 and upwards of 500. It is found that ribbed knit has
typically better water absorbing properties than any othér knit for a
given weight of wool. So this tends to be the preferred knit. If
requlred a small lycra blend (typically 1 to 2%) can 51gn1f1cantly
improve the elasticity and strength of the" final knit without
detracting from the thermal and other advantageous propertles of
the wool. In another feature the wool or wool blend can be knitted
such that there is course/heavy/bulky weave to the back face, and a
finer micron yarn to the face that will be onto the wearer’s skin.
This allows an increase in the bulk and therefore the water
absorption ability whilst still keeping a “soft” and non-itchy surface
to the diver’s skin.

Typlcally the Merino fibre is spun into yarn on a worsted spinning
system and to ensure comfort next to the skin the fabric surface in
contact with the skin is made from fibre with an average micron of
finer than 19.  As required, different yarn counts are used to
achieve varying fabric weight and structures depending upon the
final type of suit that the lining will be used in (i.e surface wetsuit,
cold water wetsuit, warm water wetsuit, drysuit).



WO 2004/069649 PCT/GB2004/000418
12

The Merino and lycra are blended at the knitting process to increase
strength and stretch.  Typically the blending is in the 1 to 40%
range but this is not exclusive and blending with other synthetics
may be employed to reduce costs.  The knitting structures are
selected which allow for maximum extension and recovery in both
length and width direction. Structures selected may also vary in

“end counts” and “picks”. The structures are weft knitted from
Rib “and Double’ Knit machines, and' the fabric weight typically
ranges from approximately 50 gms or below through to upwards of
500 gms" dependmg on the quahty and function of the suit style.
“The yarn, Welght can be Vaned on each 31de ‘of the weave in order to
“achieve Welghts in excess, of 400 gms Wlthout impairing or
compromising the soft fme “feel” "‘next to the skin,  These are
particularly for use in drysuits and deep diving cold water wetsuits.

Typlcally in order to achleve the desired fabric performance a
process of heat ~setting  the" synthetlc tibre such as “Lycra” ‘i‘s‘
performed while maintaining very low extension durmg the dyeing
and subsequent drying processes when preparing the wool blend.

The wetsuit structure in accordance with the invention therefore
provides a solution to the thermal and buoyancy problems

conventionally experienced.

When uses as an internal lining of a drysuit, advantages are obtained
in that in its dry and natural state the crimp and bulk of the wool
yarn is resilient and is less ‘compressible than synthetlc yarns $o
offers better .thermal qualities in a diving situation. Also, as the
drysuit is typically non-breathable it tends to hold body odour.
The yarn of wool has surface scales that naturally open and close
and thereby reduce to a minimum odour problems, rendering the
garment more h.ygienic. The wool is naturally “exothermic” when
water vapour is absorbed into the yarn structure. Thus as the diver
perspires the perspiration causes a chemical reaction within the yarn
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emitting a significant amount of heat back to the diver.  With
Merino type wools this is particularly noticeable. As the wool dries
after the diver has removed the suit the chemical reaction is
reversed; so that this “exothermic” reaction is a suistainable ongoing
advantage of a wool lined drysuit which is equally applicable to a
wetsuit. The wools “Scaley” yarn flbre surface can Work to lock
into the yarn up to 3.5 times its own ‘weight in water WlthOU.t feehng
““wet”. - This property offers probably the greatest advantage to a
‘c_lrysult diver. A diver when dwmg is usuaﬂy Workmg qu1te hard
and is persplrmg In a drysuit this persplratlon can not leave the
'drysult system. The thermal underclothmg is. demgned to “wick”
moisture from the diver’s skin but the problem is that this, ‘moisture
then condenses on the inner surface of the outer drysunt A diver
in a one to two hour dive can perspire up to 1.0 to 1.5 litres of fluid
if working hard. This would normally run into the boots of the suit
and run back into the thermal underclothing, reducing the thermal
efficiency if thlS clothing. The advantage as advised of the wool is
that it can absorb up to 3.5 times its own weight; so in a wool lined
drysuit where typically there are about 600 grammes of wool, then
nearly 2 litres of perspiration can be absorbed.  Moreover this
absorption of water vapour/perspiration also swells the wool yarn
effectively further enhancing its thermal efficiency.
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Claims

1 A suit to be worn by a person in contact with water, said suit
including an outer layer of material, and wherein at least a portion
of the suit includes a layer of wool, or wool blended with other
flbres or materlals Wthh lies between the person and sald layer of
material.
2 A

suit according to claim 1 characterised in that solely wool is

used.

3 A suit according to claim 1 characterised in ‘that the Wool 1S,
leCd with other fibres or materials to ‘add or prov1de specific

performance features

4 A suit accordmg to claim 1 charactensed in that the ~wool or wool

blended material is positioned over portions of the suit which when
- worn lie at any or any combination of the torso, legs and/or arms of

the wearer.

5 A suit according to claim 1 characterised in that the suit is a
wetsuit and at at least a portion or portions of said suit, water can
pass between the inner surface of the said layer of material and the

person wearing the suit.

6 A suit according to claim 5 characterised in that wool or wool
blend is provided at said portion or portions to lie between the

person and the said material layer.

7 A suit according to claim 6 characterised in that the wool or wool
blend comes into contact with water which enters the wet suit.
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8 A suit according to claim 5 characterised in that the wool or wool
blend is provided wherever water is permitted to pass between the

diver and layer of material.

9 A suit material according to claim 1 characterised in that the layer
of matenal of the suit is manufactured from 2 rubber foam materlal

such as’ such as neoprene or chloroprene

10 A suit, accordmg to claim 1 characterlsed in that the wool or
‘wool blend is separate to the layer of materlal and- worn as a

_separate layer.

11 A suit according t6 claim 10 ‘characterised in that éttachmenf
means are provmea to attach tne WOOl or wool Dlena materlal layer

to the layer of material.

12 A suit according to claim 1 characterised in that the wool or

wool blend is intégral with the layer of material.

13 A suit according to claim 12 characterised in that the wool or
wool blend is attached by lamination to the inner surface of the
layer of material so as to lie adjacent the diver’s skin when the suit

1S ‘worn.

14 A suit according to any of the preceding claims characterised in
that the wool which is used includes or is wholly, wool from the

‘Merino breed of sheep.

15 A suit according to claim 1 characterised in that the suit includes
an additional, outer, layer formed to provide protection from the -
external environment in which the suit is to be worn.
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16 A suit according to claim 1 characterised in that the wool blend
includes a synthetic yarn in 4 proportion of about 1% to 40% by
weight of the overall weight of the blend.

17 A suit according to claim 16 characterised in that a material is
added to the wool Wthh is at least partlally elasncated to offer
1mproved elastlcn;y (stretch) to the wool blend.

18 A method of manufacturmg a wetsuit or drysuit for use Wlth
water; said method comprlsmg formmg a layer of material into a-
shape | for ‘wearing by a person, and ‘wherein 2 layer of wool or, ‘wool
containing material is provided to_lie between the person and the{

layer of material When the su1t is worn.

19 A method according to cIaim 18 characterised in that the method
includes the step’of laminating the wool material as a lining to the

inner surface of the layer-of material.

20 A method according to claim 18 characterised in that when in the
form of a wetsuit the method includes the step of providing means
in the said material to permit the flow of water between the inner
surface of said layer and the persons skin when the wet suit is worn
and providing control means to allow the control of the quantity of

water.

21 A method according to claim 20 characterised in that the water
passing into the area between the diver and the layer of material
contacts and is absorbed by the wool or wool blend.

22 A wetsuit or drysuit for use with water, said suit including an
outer layer of material and at least one inner portion formed of a

knitted or woven material, said inner portion provided as an integral
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part of the suit or to be worn as an inner laver over which the outer

layer of material is placed.

23 A suit according to claim 22 characterised in that the knitted or
woven material includes a wool and other material or fibre yarn,

M@df

24 A suit'according'to claim 23" characterised in that the wool used-

- is Merino wool Vand,“t‘hﬁ; yarn is synthe‘tic".
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