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Abstract

The present invention relates to a racing swimsuit and
provides a racing swimsuit capable of reducing éurface
friction reéistance and frictioﬁal resistance of turbulence
in water. .

The present invention éan reduce the surface
frictional resistance in water by.thé provision of a water
repellent region on the surface of a swimsuit as well as

makes it possible to reduce the frictional resistance of

~ turbulence occurred on the surface of the swimsuit of a

racer by the formation of a plurality of fine grooves

parallel tb a body lengthwise direction.



.

. .
“ees o5 ov ces @

AUSTRALIA
PATENTS ACT 1990
COMPLETE SPECIFICATION

NAME OF APPLICANT(S):
Toray Industries, Inc.

ADDRESS FOR SERVICE:
DAVIES COLLISON CAVE

Patent Attorneys
1 Little Collins Street, Melbourne, 3000.

INVENTION TITLE:

Racing swimsuit

The following statement is a full description of this invention, including the best method
of performing it known to me/us:-
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Background of the Invention
' The present invention relates to a racing swimsuit.

More‘particuiarly, the present invention relates to a _
racing swiﬁsuit_capable of reducing surface frictionelv
resistance in water by providing a water repellent region on
the surface of the swimsuit as well as capable of reducing
turbulence frictional resistance occurred on the surface of
the swimsuit of a racer by forming a plurality of fine
grooves parallel to a body lengthwise direction. .

The function which is most required to racing

swimsuits is how the surface frictional resistance of the

,”swimsuits,_whichmis_caused_inwairaqeiwisnred ced. in water,‘_,

and there have been proposed various technologies'for
feducing the surface frictional resistance of the swimsuits.
For example, Japanese Examined Utility Model
Publication No. 63-39206 discloses a swimsuit characterized
in that concave portions or convex potions each having a
thin“width are disposed in a body 1engthwise direction when -
the swimsuit is worn for the purpose of promptly escaping
the resistance of water applied to the swimsuit in a race.
Japanese Examined Utility Model Publication No. 5-38006‘
discloses a swimsuit having a non-permeable sheet bonded to

a portion adjacent to the opening of the swimsuit for the
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'purpose of obtaining the flow straightening effect of. the

surface of the swimsuit in a race.
Further, Japanese Unexamined Patent Publicatibn No. 8-

311751 and Japanese Unexamined Patent Publication No. 9-

49107 disclose a technology for providing water repellent

sections and non-water repellent sections on the surface of
fabric for the purpoée of reducing the frictional resistance
on the surface of the fabric and securing a water releasing
property. '

Whiie racing swimsuits have been variously improved as

described above, there still remain problems to be solved as

'follows.

That is, it 1s possible to reduce the surface

_ frictional resistance between a fluid and the surface of

clothes when the clothes have a water répellent treatmént
applied to the surféce éf the fabric thereof. However, the
occurrence of the turbulence of the fluid flowing oﬂ the
surface of the fabric cannot be suppresséd ;ﬁ such c1othés,
thus there is a limit in a resisténce reducing effect.

¥R Thus, theré has been desired racing swimsuits which
solve the above problems and reduce the surface frictional
resistance as well as suppress the occurrence of turbulence
on the surface of clothes, thereby reducing the resistance

of a racer.
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Disclosure of the Invention

According to the present invention there is provided a
racing swimsuit comprising an elastic fabric, characterized
in that a water repellent treatment is applied to the entire
surface of the swimsuit and a plurality of fine grooves
parallel to a body lengthwise direction are formed.

The invention also provides a racing swimsuit
comprising an elastic fabric, characterized in that a water
repellent treatment is applied to the entire surface of the
swimsuit and the swimsuit has groove sections, in which a
plurality of fine grooves parallel to a body lengthwise
direction are formed, on at least a portion thereof.

The invention also provides a racing swimsuit
comprising an elastic fabric, characterized in that a
plurality of fine grooves parallel to a body lengthwise
direction are formed on the entire surface of the swimsuit
and the swimsuit has a water repellent region, to which a
water repellent treatment is applied, on at least a portion
thereof.

The invention also provides a racing swimsuit
comprising an elastic fabric, characterized in that the
swimsuit has a water repellent region, to which a water
repellent treatment is applied, on at least a portion of the
surface thereof as well as has groove sections, in which a
plurality of fine grooves parallel to a body lengthwise
direction are formed, formed on at least a portion thereof.

In this specification the surface of the swimsuit means
the surface which contact with water, that is, the outside
surface of the swimsuit.

A racing swimsuit can be arranged such that a water
repellent treatment is applied to the entire surface of the

swimsuit and the swimsuit has groove gections, in which a
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plurality of fine grooves parallel to a body lengthwise
direction are formed, on at least a portion thereof; a
plurality of fine grooves parallel to a body lengthwise
direction are formed on the entire surface of the swimsuit
and the swimsuit has a water repellent region, to which a
water repellent treatment is applied, on at least a portion
thereof; and the swimsuit has a water fépellent region, to
which a water repellent treatment is applied, on at least a
portion of the surface thereof as well as has groove
sections, in which a plurality of fine grooves parallel to a
body lengthwise direction are formed, formed on at least a
portion thereof.

In the racing swimsuit according to the present
invention, when the swimsuit is provided with the groove
sections in which a plurality of fine grooves parallel to
the body lengthwise direction are formed on at least a
portion thereof, it is possible to form the groove sections
in the shape of stripes parallel to the body lengthwise
direction.

Further, when the racing swimsuit has the water
repellent region in which the water repellent treatment is
applied to at least a portion thereof, it is also possible
to form the water repellent region in the shape of stripes
parallel to the body lengthwise direction.

The water repellent region may be composed of
intermittently-water-repellent segments in which water
repellent sections, to which the water repellent treatment
is applied, and non-water-repellent sections, to which no
water repellent treatment is applied, are intermittently
formed and which are formed in the shape of stripes parallel

to the body lengthwise
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direction, or the water repellent region is composed of
intermittently-water-repellent segments in which water
repellent sections, to which the water repellent treatment
is applied, and non-water-repellent sections, to which no

water repellent treatment is




applied,.are intermittently formed and continuoﬁsly-water-
repellent segments to which the water reéel}ent treatmept is
continuously applied, and the intermittently-water-repellent
segments and the continuously-water-repellent segmehts.aré

formed in the shabe of stripes parallel to the body

.t lengthwise direction.

:T:f : In the racing swimsuit according to thé»present ’

;:"f invention, when the racing swimsuit has the intermittently-
‘ q‘ng water-repellent segments in the water repellenf region, it

is possible that the water repellent sections of the

intermittently-water-repellent segments are formed by being

at least partially’ coupled with the continuoﬁély-watgf-
repellent segments or without beilng couplé& theréﬁiih.
..—.In the racing swimsuit according to the present .
ceee invention, when the water repellent region has the ‘
¢ intermittently-watef-repellent segments, it is préferabie
that both the upper and lower edges of the water-;epellent
sectlons of the intermittently-water—repeilent segmenté are
formed such that they have angles of -60° to 60° to the body
leﬁgthwise direction to reduce surface frictional resistance
in water and to secure an effective water releaSiﬁg property.
In the racing swimsuit according to the présent
invention, it is preferable that the ratio of the area of
water repellent sections occupied in thé area of the water

repellent region is 70 to 90%.
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When the ratio of the area of the water repellent
sections occupied in the area of the water repellent
sections is the above;ratio, an optimum water releasing
property can be secured while reducin§ the surface
frictional resistance.

In the racing‘swimsuit according to the present
invention; it is also pdssible that the groove sections are
formed by the structural change of the woven'structufe or
the knitted structure of the fabric formihg the racing
swimsuit. Further, it is also possible té form the groove
sections by ah embossing treatment applied to the surface of

the fabric.

In the racing swimsuit according to the present

.invention, it is preferable that the grooves for forming the -

grooﬁe sections have a depth of 20 to 500 pm, a width of 200
to 1500 pm and a pitch of 300 to 3000 pm.

In the racing swimsuit according to the present
invention, it is possible to apply a smoothing treatment to
the region of the surface of'the fabric.forming the racing

swimSuit other than the groove section thereof.

Brief Description of the Drawing
Fig. 1 is a‘front elevational view (A) and a rear
elevational view (B) of a racing swimsuit according to the

present invention.



Fig. 2 is an enlarged view of a portion to which a
water repellent treatment éccording to the present invention
is applied. - :

Fig. 3 15 a view sho&ing the cross-secfional shape of
groéves according to the present invention.

Fig. 4 is a view showing an embodiment of the shape‘of
the portion to which the water repellent treatment
according to the present invention is applied.

Fig. 5 1s a view showing how angles are measured in
tpe present invention.

Fig. 6 1s a view showing the outline of an experiment
fdr measuriﬂg a resistance value using a surface fridtional
resistance tester. |

......Fig. 7 is a graph showing a result of an experiment
carried out to optimize the depth of the grooves accofding.
to the present invention. ' 4 ‘
Fig. 8 is a_grapﬁ showing a result of.an-experiment
. carried out tb optimize the width of the grooves‘according
to the pregent invention.

“>*= Fig. 9 is a graph showing a result of an expgtiment
carried out to optimize the pitch of the grooves according
to the preseﬁt invention.

(Reference Numerals)

1. racing swimsuit

la. side section




1b. shoulder section

lc. inside-leg section

2. continuously-water-repellent segment
2a. side edge

2b. right edge .

3. 1ﬁtermittently-water-repellent segment .
3a. water repellent section

3b. non-water repellent section

3c. center line

3d. upper edge

3e. lower edge

4. groove
5. column
..6.. glass plate . . . .. . e e

7. fabric to be tested
8. circulating water passage
9. metal column

10. strain gauge

T Desirable Embodiments
An embodiment of a racing swimsﬁit according to the-
present invention will be described..
The racing swimsuit according to the present invention
is a racing swimsuit.comprising an elastic fabfic and it can

be fitted to a human body by the use of the elastic fabric.
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Used as the material of the fabric used for the racing
swimsuit according to the present invention are a knitted
fabric and a woven fabric comprising knitted union ‘cloth or
woven union cloth of multi- filament threads of synthetic.
fibers of polyamide, polyester, polypropylene and the like
or knitted union cloth or Qoven union cloth of the.multi—

filament threads of the>above synthetic fibers and'elastic

- polyurethane threads.

In particular, since movability 1s essential to the
racing swimsuit, the knitted fabric comprising the woven
union cloth of the multi-filament threads of the synthetic

fibers and the polyurethane elastic threads is more

- preferable as the form of the material

Further, any of a single circular’ knitted fabrlc and a_

double circular knitted fabric .as a circular knitted,tabric :

and a tricot fabric and a raschel fabric as a warp knitted
fabric can be used as the form of the knitted fabric o
However the tricot fabric is more. preferable from the view .
point of a stretching‘property, the,thinness-or the fabric
and=the like. | ' e
Water repellent sections, to which a water repellent
treatment is applied to reduce surface frictional resistance,

and a plurality of fine grooves parallel to the body

" lengthwise direction for suppressing the occurrence of

turbulence on the surface. of the racing swimsuit according




- 10 -

to the present invention are formed in combination on the
éurface thereof.

That ;s, possible as the combinations of the water
repellent sections and the grooves are such that the water
repellent tréatment is applied to the entire surface of the
racing swimsuit and a plurality of fine grooves parallel to
the body lengthwise direction are formed on the éntire
surface of the racing swimsuit; the water repellent
- treatment is applied to the entire surface of the racing
swimsuit and groove sections, in each of which a.plurality
of fine grooves parallel to the body lengthwise direction
are formed, are provided with at least a portibn of the
.surface of the racing swimsuit; a plurality of fine grooves
__parallel to the body lengthwise direction are formed on the
entire surface of the racing swimsuit and a water repellent
region, to which the water repellent treatment is applied,
are provided with at least a portion of the surface of the
racing swimsuit; or a water repellent region, to which the
water repellent treatment is apblied, are provided with at
least a portion of the surface of‘the racing swimsuit and
groove sections,‘in each of which a plurality ofvfine
grooves parallel to the body lengthwise direction are formed,
are provided with at least a portion of the surface.

These combinations are determined by examining the

distribution of the velocities of water flows flowing on the
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surface of theAracing swimsuit, the directions of the water
flows, the distribution of pressures applied by the water
flows and the like and in accordance with race events in
order to drive an effect for reducing the surface frictional
resistance resulting from the water repellent treatment and
an effect of suppressing the occurrence of turbulence
obtained by the fine groove structure in multiplication.
That is, since a speed is required in short distance .
events, it is contemplated preferable to apply the water
repellent'treatment to the entire surface to reduce. the
surface frictional resistance as much as possible. 1In '
contrast, in long distance events, it is contemplated
preferable to apply the watervrepeilent'treatment to a
-portion,of,the,entire_surface_Qfmtthﬁwémégif'P9M§§Q939“Q_Ah
water releasing property for releasing water penetrating
into the swimsuit in a race. »
Further, it can be said preferable to form the fine
grooves on the entire surface of the swimsuit in the_
breaststroke and the like in which less rolling is caused in
an” advancing d1rection However, it is also possible te,
partially form the grooves on the surface of the swimsuit at
the effective portions thereof in an effective fashion in
the crawl and the like in which rolling is relatively
largely caused.

When the grooves are formed on at least a portion of
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the surface of the swimsuit, it is also possible to
uniformly form the grooves on the_entlre surface éf the
region where they are formed. Howe&er, it is preferable
that groove.sections are arranéed such that a plurality of
f;ne'grooves parallel to the body lengthwise direction are
formed therein and the groove sections are formed in the

| shape of stripes parallel to the body lengthwise diiectién
in the region where the>grooﬁes are formed.

For example, it is also pdssiblevto form the'groove
sections in the shape of stripes parallel to the body
lengthwise direction on the entirevsurface of the racing
swimsuit or to form them only on a bulge portion such as the’
breast and the buttocks. l
Further, in the swimsuit having @~watef“r9é91l9nt,,
region in which the water repellent treatmenf is apblied to
at least a portion thereof, it is also'poésible'té uniformly
apply the water repeilent treatment to the entire surface of
the water repelient region. However, 1t_1s preferable to
apply the water repellent treatmént in ‘the shapé.of stfipes
patdllel to the body lengthwise direction in the water .
repellent region. v »

At the time, the width of the stripes can be suitably
adjusted. '

When the ﬁater repellent treatment 1s applied té the

water repellent region in the shape of stripes,bit is also
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‘possible to' form intermittently-water-repellent segments, in
which water repellent sectlons to Which the water repellent .
treatment is app;ied and non-water repellent sectiensvte
which no weter repellent treatment.is‘applied are
intermittently formed, in the shape ef stripes barallel to
the body lengthwise direétion.

At the time,'it is preferable that‘the upper‘and lower
edges of each water repellent section have angtes‘of -60° to
60° with respect to the body lengthwise direction. ‘

That 1s, less portions are at -right engle td the water
flows in the case both the upper and lower edges of each
water repellent section is formed -at -the predetermined
angles, which is effective to reduce the}sprface_frictional"
-resistance in water’ and to ‘secure an: e_f_fe_s:fcuejzﬁt_gz,: L
releasing property .

Note that, in the present invention, a method. of
measuring the above angles is such that 0° to 60° are
measured counterclockwise and 0° to -60° are measured
clockwise with respect to the body lengthwise direction as
shown in Fig. 5.

Further, when the water repellent treatment is abplied
to the water repellent.region in the shape of stripes, it is
possible to form the intermittently-water-repellent segments
and the continuously-water-repellent segments, to which the

water repellent treatment 1s éontinuously applied, to in the
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shape of stripes parallel to the body lengthwise direction;

At the time, the width of the stripes can be suitably
adjusted.

The difectiohs of the respective stripes must be
prescrised based on the directions invwhich water flows
along a human body. From the point of view, the stripes are
disposed substantially paralléi to the body lengthwise
direction in the front body portion, back body portion,
walst portion, armpit portion and the like.

In contrast,. as tb the portions corresponding to the
side portion and the protruding portion of a hﬁmah body, it
is more preferable to select the directions, in whidh.the .
stripeé are disposed, such thatrthey havé a predetermined
_angle.with_respect. to. the_body lengthwise direction in_ . ___
consideration’ of the directions of water:flgws in a race;

In the racing swimsuit according to the present
invention which has the intermittently-water-repellent
segments in the water repellént region, it is possible that
the water repellent sections of each intermittently-water-
repéllent segment are formed so as to be at least partially
coupled with the continuously-water-reﬁeilent segments.

At the time, the ratio of the area of the water
repellent sections occupied in the area of a water repéllent

region is increased, which contributes to the reduction of

the surface frictional resistance.
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In contrast, it is also possible to form the water

-repellent sections of the intermittently~watér-repellent

segments so that they are not coupled with the continuously-
waterJrepelient segment. ‘ - ‘

At the time, the deterioration of the elasticity of
the water repellent region can be prevented.

In. the racing swimsuit according to the present
invention, it is preferable that the ratio of the area of
the water repellent sections occupied in the area of the
water repellent region is 70 to 90% tdlsecure an optimum
water releasing property while reducing the surface
frictional resistance. ‘ )

Note that_the ratio of the area of tye water repellent
region occupied in the entire area of the racing swimsuit is
not particuiarly limited, and it is determined based on the
use, function and the like of the racing swimsuit such as
from several teﬁs of percentages only on the breast, only on

the buttocks and the like to the entire surface of the

swimsuit.

= A water repellent agent used in the racing swimsuit
according to thé present invention can be suitably'selected
from various types of conventionally used water repellent
agents such as a silicone water repellent agent, a fluorine
water repellent agent and fhe like.

Further, treatment agents used for the water repellent
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sections of the racing swimsuit according to the present
invention are not stuck to the name. "water repellent‘agent“
and any(treatmeﬁf agent may be used so long as it
substantially reduces the surface frictional fesisténce of a
swimsuit in water by an water repellent effect. For example,
treatment agents named as a print agent, sealing agent and

the like may be used.

A printing treatment, which has been ordinarily used

- industrially, is preferable as a method of adhering the

water repellent agent on the surface of a fabric, and an
apparatgs to be used for the adhesion thereof may be
suitably selected from a'rollef‘printing ma@hine, an .
automatic screen printing machine, a hénd screen‘ﬁrinting
machine and._the like... .. . “..N.»;“. .,j I, B

It is preferable’to carry éutvpost treatménts such as-
a heat treatment and the like for the purpose of
accelerat;ng a cross-iinking reaction for édhering the water
repellent agent on the fabric baéed on an ordihary»water

repellent treatment. The heat treatment for the

_acdéleration of the cross-linking reaction can be carried

out by an ordinary pin.tenter or the like.

In the racing swimsuit according to the present
invention, it is possible to from the groove sections by the
structural change of the woven structure or the knitted

structure of the fabric forming the racing swimsuit.
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Specifically, when a raschel-knitted fabric 1s used,

if the surface thereof is observed under magnifioationp

loops composed of surface threads range and a fine rib-

'shaped knitted structure is formed 1n a weft. direction.-

Since the size of the rib-shaped knitted structurevcan :

be relatively simply adjusted, when it is knitted to a

predetermined size, it can be directly used as the grooves
according to the present invention.

In contrast, in the racing swimsuit according tolthe
present invention, it is also possible to form the ~groove
sections by applying an embossing treatment to the surface

of the fabric by a high temperature high pressure roll

The embossing roll is a metal or resin roll having

_irregular portions formed therearound by engraving

projections in a circumferential direction in correspondence
with the depth, width and pitch of the grooves which -are
desired to be applied. v

The roll is heated to a predetermined temperature in
accordance with the material and the like of a fabric, a’
predetermined pressure is applied to the roll andnthe.
knitted fabric or the woven fabric is pressed hf.the roll .at
a constant velocity so as to.be pressed. As a result, the
surface of the fabric is compressed and shaped by the
projecting‘portions of the roll, whereby fine grooves can be

formed thereto in a desired depth, width and pitch.
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The temperature, pressure and velocity of the roll are
changed depending upon the material, weight (g/mZL
thickness of the fabric to be processed, and the warking
environment where the embossing treatment is carried out.

In'generaly when the above embossing treatment is
applied to a knitted fabric composed of a 2-way tricot
material having a weight of 120 to 330 g/m? and a thickness
of 0.4 to 0.9 mm, it is suitable to set a roll temperature
to about 180 to 220°C;'a pressure.to about 44130 to 53937 N
(4500 to 5500 kgf) and a roll velocity to about 6 to 10
m/min.

iThe shape or’the grooves according to thetpresent

invention is not partioularly limited and suitably selected

. from a V-shape, a U- shape, a trapezoid shape and the like

It is preferable that the fine grooves according to
the present invention have a depth of 20 to 500 um, a widtn
of 200 to 1500 um and a pitch of 306 to 3000 pm.

The following experiment for measuring a resistance
value was carried out using a surface frictional resistance
tester which will be described below in order to optimize
the depth, width and pitch of the fine grooves aCCording to
the present invention. .

That is, as shown in Fig. 6,.the surface frictional
resistance tester for fabric was arranged such that_test

fabrics 7 were bonded on both the surfaces of a glass plate

'
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6 (3000 mm long X 600 mm wide) supported by columns 5 whose

respective upper ends could be optionally moved in a

. horizontal direction and the glass plate 6 was sunk up to a

predetermined depth in a water circulating water vessel 8.
A metal column 9 had a lower end fixed to the glass

plate 6 and an upper end fixed to a ceiling. A strain

~ gauge 10 was disposed at an upper portion of the metal

column 9.

Therefore, the test fabrics 7 having the fine grooves

formed thereon with the depth, width and pitch thereof

changed were bonded on both the surfaces of the glass plate
6. The magnitude of the resistance received from the water
flows flowing on the surfaces of the test‘fabrics'7‘was'
measured. by a dynamic strain_gaugemaé an electric signal
from the strain gauge 10 and dispiayed on ahd'rgcordéd.by a
personal computer through an A/D'convérter.

"In the experiment, the glass plate, on which the test
fabrics 7 were bonded, was disposed in the wéter circulating
water vessel 8, the water'fléws hafing 5 flow vélpcity‘of
1.8/ sec were impinged against the glass plate, and the

resistance value was calculated from the value of entire

. resistance measured at the time.

First, Fig. 7 shows a result 6f the experiment carried
out to optimize the depth of the grooves according to the

present invention.
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Note that, in the experiment, the width of the grooves
was set to a constant value of 200 pum and the pitch thereof
was set to a constant value of 2000 pm.

As apparent from Fig. 7, when the depth of the grooves
was gradually increased and exceeded about 20 um, the
resistance value of the grooves was abruptly reduced, end
when the debth exceeded about 500 pm, the resistance value

was gradually increased.

Therefore, it can be understood that a meaningful

effect can be obtained when the depth of the grooves is set

to 20 to 500 pm.

In contrast, as to the relationship betﬁeen the depfh
of the grooves and the thickness of the fabric used in the
racing swimsuit according to the present .virl_venti_q.r}_- when the
depth of-the grooves is set to 500 um or more, the
manufacture of a fabric having such deep grooveébis
difficult in a manufacturing technology as-well(ae a problem
is caused in strength and there is a. possibility that the
fabric is lieble to be broken.

== Accordingly, when the depth of the grooves according
to the present invention is 20 to 500 um, a moet meaningful
effect can be obtained without being accompanied with
difficulties in the manufacturing technology and strength.

Next, Fig. 8 shows a result of the experiment carried

out to optimize the width of the greoves according to the




a1 -

present invention.

Note that, in the experiment, the depth of the grooves

was set to a constant value of 50 pm and the pitch thereof

was set to a constant value of 2000 pm.

As apparent from Fig. 8, when the width of the grooves
was gradually increased and exceeded about 200 um,hthe
resistance value of the grooves nas ahruptly lowered, and
when the depth exceeded about 1500 um, the resistence value
was abruptly 1ncreased .

Therefore, it can be understood that a meaningful
effect can be obtained when the depth of the grooves-is;ZQO
to 1500 pm. T

Similarly, the above experiment was repeated to o i
optimize.the pitch of the fine. grooves according to the o
present invention. Fig. 9 shows a result of the experiment.

Note that, in the experiment, the depth of the‘grooves'
was set to a constant value of 50 um and the pitch' thereof ‘
was set to a constant value of 200 pm. ' '

As apparent from Fig. 9, when the pitch of the grooves
was‘gradually increased’ and exceeded about 300 pm, the '
resistance value of the grooves was abruptly lowered and '
when the pitch exceeded about 3000 pm, the resistance value
was abruptly increased.

Therefore, 1t can be understood that a meaningful

effect can be obtained when the pitch of the grooves is 300
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to 3000 pm.
In the racing swimsuit according to the present
invention, it is also possible to apply a smoothiné
treatment to the region of theisurface of the fabric forming
the rgcing swimsuit other than the groove sections thereof.

It is possible to more réduce the surface frictional

resistance of the racing swimsuit according to the present

invention, as compared with a fabric to which no smoothing

treétment is applied, by applying the smoothing.treatment to
the region of the surface of the fqbric-forming the racing
swimsuit other than the groove sections thereof.

The smooth;ng treafment is also carried out by heating
a roll haﬁing a smooth surface to a predetermined.
température in accordance with the material and the like of
a fabric, applying a predetermined pressure'to the roll and
préssing the knitted fabric or the woven fabric by the roll
at a constant velocity, similarly td the above emboSsing . .
treatment.

At the time, it is preferable to apply the embossing

.tféifment to form the above grooves affer the smoothing

treatment is applied to the entire sﬁrface of the fabric
first.

Further, when the grooves are formed by the change of
the.structure‘of the woven structure or the knitted

structure of the fabric, it is also possible to apply the
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smoothing treatment only to the top of the fine ridgé-éhaped
knitted structure §f the surfacelof‘the'fabiic where the
grooves are formed. . ‘ .

An embodiment of a racing swimsuit.according fo the
présent invention will be described‘using dréwings. :

As shown in Fig. 1, the racing swimsuit accprdiné to
the embodiment is formed by combining water repellent
sections to which a water repellent treatment is applied to
reduce surface frictional resistance, a plurﬁlity of fine
grooves parallel to a bbdy lengthwise direction to suppréss
the occurrence of turbulence on the surface of the swimsuit
" and a smoothing treatment.

* A tricot knitted fabric composed oflknifted union cloth’
of multi-filament. threads of polyester synthetic fibers and. A . :
polyurethane elastic threads is uéed as the material of the
fabric used in the embodiment. . o

A prefreatment is applied to the surface of the fabric
in the seduence of the water repellent treatment, the
smoothing treatment,.and'the fofmatiohAof the fine grooves
by “a~final embossing treatment. R '

In the embodiment, the smodthing treatmenf is applied
to the entire surface of the racingbswimsuit and the
plurality of fine grooves parallel'to the body‘lengthwisg

direction are formed on the entire surface of the racing

swimsuit.
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Further, in the embodiment, the water repel}ent
treatment is applied to the entire surface of thé racing
swimsuit so that the intermitfently-watér;repellent segments
and the qoﬂtinuously-water-repelient segments are formed in
the shape of stripes parallel to the body lengthwise
direction. |

Specifically, as shown in Fig. 2, each intermittently-
water-repellent segment 3 is composed of water fepellent
sections 3a and ﬁon-water—repellent sections 3b which are
symmetrical with respect to a center line 3c. The upper

edge 34 of each water repellent section 3a has an angle of

‘45° to each left edge 2a of the contihuouslyJWQter repellent

segment 2 and an angle of -45° to each right,edgé 2b thereof.

.Further,mthe.loﬁer_gdge_se”of~eaph_waier,repellent_sggtign

3a has an angle of 55° to each left edge 2a of the
continuously-water-repellent segment 2 and an angle of -55°
to each right -edge 2b thereof.

_ The width of each stripe of the racing ‘swimsuit
accﬁrding to the embodiment is 8 mm in the.continuously;
water-repellent segments 2 and 10 mm in'the’intermittently4
water-repellent_segments 3. ’

Further, as shown in Fig. 4(A), in the racing swimsuit
according to the embodiment, the intermiftently-water—
repellent segments are formed such that both the right and

left edges of the water repellent sections are coupled with
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the continuously-water-repellent segments adjacent thereto,

respectively. However, it is poss;ble as shown in Fig. 4(B)

to form the intermittently-water-repellent segments_such

that both the right and left edges of the water repellent
sections are not coupled with the continuously-water-
repellent seéments adjacent thereto, respectivelf.

A fluorine water repeilent agent is used as a water
repellent agent used in the racing swimsuit according td»the
embodiment. A printing treatment, which has been ordinarily
used industrially; is used as a method of adhering the water
repellent agent, and a roller printing machine is used as an
apparatus to be used. . v

After the-water repellent agent is'adheréd té the
surface. of the fabric, a heat treatment is carriedfout to

accelerate a cross-linking reaction for fixing the water

repellent agent to the fabric using a pin tenter.

In the embbdimént, the ratio of the area of the water
répellent sections occupied in the water repellent regi&n,
that is, the entire area of the raéing sw;msuit is aboﬁt 75%.

"~ Next, the smoothing treatment is appliedvto the fabric,
to which the water repéllent treatment has been applied in
the predetermined shape, for the purpose of moré reducing
the surféce frictional resistance. The smoothing treatment
is applied tp the region of the fabric forming thé ?acing

swimsuit other than the grooves on the surface thereof.
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In the_emﬁodiment, the smoothing treatment is carried
out by a conventionally executed method of heating a roll
having a smooth surface té a predetermined température in
accordance with the material and the like of the fabric,

applying a predetermined pressure to the roll and pressing

‘the knitted-fabric or the woven fabric by the roll at a

constant velocity

Next, the plurality of fine grooves parallel to the
body lengthwise direction are formed on the surface of the
fabric, to which the water repellent treatment and the
smoothing treatment have been applied, for the purpose of
suppressing the occurrence of turbulence on the surféqe of -
the swimsuit.

In the_embod;ment, thevggooyeswgrenuniﬁg;mly_fo;mgd,on
the entire surface of the racing swimsuit in a certain shape
at.cﬁnstant intervals.

Specifically, the shape of the grooves according to
the embodiment is a rectangular shapévas shown in Fig. 3.
Each groove has a depth set to-abouf 70 um, a wi&th set to
abdﬁf 470 um and a pitch set to about 1470 pm tFig. 3
schematically shows the shape of the grﬁoves and the ratios
of the depth and the like of the grooves are not actual
ratios).

In the embodiment, the grooves are formed by embossing

the surface of the fabric with a high temperature high
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pressure roll.

- The embossing roll is a mefal roll having irregular
portions formed therearound by engraving projections
corresponding to the’above]shapé'in the:circumferential
direction thereof. - ’

While the temperature, pressure and velocity of the
roll are changed depending upon the material, weight (g/m?),
thickness of the fabric to be processed, it is suitable in
the embodiment that a roll temperature 1s set to about 200’,
a pressure is set to aboﬁt 53937N (5500 kgf) and a roll
veiocity is set to about 6 to 10 m/min.

The racing swimsuit according to the present invention

is formed by cutting the elastic fabric, to which the

.pretreatment including.the water,repellentjtreatmentL tb&,.:,,A

smoothing treatment and the formation of the fine grboves by
the embossing treatment has been applied, to predetermined
shapes and sewing or boding side sections la, shoulder
sections 1b and an inside-leg section lc as shown in'Fig. 1.

At the time, the intermittently-water-repellent
segménts, the continuously-water-repellent segments-and the
grooves must be disposed in the shape of stripes in a
direction substantially parallel to the body lengthwise
direction, that is, in a direction parallel to the Y1 - Y2
direction in Fig. 1 in a sewed state.

However, as to the portions corresponding to the side
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portion and the protruding portion of a human body, it is
also possible to select the directions in which the stripes
are disposed so that they are at predetermined angles with

respect to the body lengthwise direction.

Industrial Availability

The racing swimsuit according to the present invention
reduces the surface frictional resistance in water by the
provision of the water repellent region on the surface «f
the racing swimsuit as well as makes it possible to reduce
even the frictional resistance of the turbulence occurred on
the surface of the swimsuit of a racer by the formation of
the plurality of fine grooves parallel to the body
lengthwise direction, whereby the fluid resistance caused by
water flows can be reduced in multiplication.

Throughout this specification and the claims which
follow, wunless the context requires otherwise, the word
"comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not

the exclusion of any other integer or step or group of

.integers or steps. .

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgment or any
form of suggestion that that prior art forms part of the

common general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A racing swimsuit comprising.an el&stié fébric,
characterized in that.a water repellént treatméﬁf is»abpiiedv

"to the entire surface of the swimsuit and a pluralityAqf'>
fine grooves parallel to a body lengthwise directipn'A£e(
formed. ‘

2. A racing swimsuit cdmpr%éing an elastic fabric,
characterized in that a water repellent tfeatménf is épéiied’
to the entire surface of the swimsuit and the swiméuit«has
groove sections, in which a plurality of fine gquves
parallel to a body lengthwise directioﬁbare formed, on at’

_rlgast a‘portion_thereof. o v> ' ' e

3. A racing swimsuit comp;ising'aﬁIelasticpfabriq;'.
-characterized -in. that arplurality,of,fineugrooves*ﬁafallél,,.-
to a body lengthwise dirédtion are formed on thé-ehtire‘ .
surface of the swimsuit and the swimsuit has a water B
repellent region, to which a water repellent treatment is’
applied, on at least a portion thereof. ‘

4. A racing swimsuit compfising'an élasticwfabric,
characterized in that the swimsuit has a water repellent
.region, to which a water repellent treatmeﬁt is apﬁiied) on
at least a portion of the surface thereof as.well aé has
Qroove sections, in which a plurality of fine grooves

parallel to a body lengthwise direction are formed, formed

on at least a portion thereof.
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5. A racing swimsuit acéording to claim 2 or @,,
wherein the groove sections are formed in the shape of
stripes parallél to the body lengthwise direction.

6. A racing swimsuit according to claim 3 or 4,
wherein the water repellent region is fprmed in the shape of
stripes pafallel to the body lengthwise direction.

7. A racing swimsuit according to claim 6,vwherein
the water repellent region is composed of intermittently-
water-repellent_segmehts'in which water repellent sections,

to which the water repellent treatment is applied, énd non-

‘water-repellent sections, to which no water repellent

treatment is applied, are intermittently formed and which

are formed in the shape of stripes parallel to the body

.lengthwise direction.

Y .
8. A racing swimsuit according to-claim 6, wherein

" the water repellent region is composed of intermittently-

water-repellent segments in which water repellent sections,
to which the water repellent‘t:eétmeﬁt is_applied,'and_non-
water-repellentvsections, to wﬁich no water repellent
treatment is applied, .are intermittently'formed and
continuously-water-repellent segments to which the water
repellent treatment is continuously applied, and the
intermittently-water-repellent segments and the
continuously-water-repellent segments are formed in the

shape of stripes parallel to the body lengthwise direction.
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9. A racing swimsuit according to claim 8, wherein

the water repellent sections of the 1ntermittentiy-water—

repellent éegments are at leasf partially coupled with the

continuously-water-repellent segments.

10. A racing swimsuit according to ciaim 8, wherein
the ﬁater repellent sections of thelintermittently-wafer-
repellent segments are not coupled with the continuously-
water repellent segments.

11. A racing sﬁimsuit according to any one of claims
7 to 10, wherein both the upper and lower edges of the water
repellent sections of the 1nterm1ttenfly—water—repellent_
segments have angles of -60° to 60° to‘the body lengthwise
direction. V »

.12..,A.racipg swiméuit.according.to any.one of claims
3 to 11,'where1n the ratio of the area of the Qéter
repellent sections occupied in the area of .the water
repellent region is 70 to 90%. '

13. A racing swimsuit according'to any bhe'of claims
1 to 12, wherein the grooye‘sections are formed by the
struectural change 6f the woven structure Br fhe knitted
structure of the fabric forming the racing swimsuit.

14. A racing swimsuit according to any one of claims'
1 to 12, wherein the groove sections are formed by an
embossing treatment applied to the surface of the'fabric

forming the racing swimsuit.
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15. A racing swimsuit according to any one of claims

1 to 14, wherein the grooves forming the groove sections

have a depth of 20 to 500 pm, a width of 200 - 1500 pym and a

pitch of 300 to 3000 pm.

16. A racing swimsuit according to any one of claims

1 to 15, wherein smoothing treatment is applied to the

region of the surface of the fabric forming the racing

swimsuit other than the groove sections thereof.
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17. A racing swimsuit substantially as hereinbefore

described with reference to the drawings.

5 DATED this 11%* day of April, 2003
TORAY INDUSTRIES, INC.
by its Patent Attorneys
DAVIES COLLISON CAVE
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FIG. b
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