
WO 03/013208 PCT/US02/22248  ELECTRO-MAGNETIC WAVE SHIELD COVER DETAILED
DESCRIPTION OF THE INVENTION  Technical Field to Which the Invention
Belongs The present invention relates to an electro-magnetic wave shield
cover for  5 shielding a body from electro-magnetic waves output from
another body, or  preventing electro-magnetic waves from leaving a certain
body. Description of the Prior Art Various electro-magnetic wave shield
covers have been developed and used  for shielding a body from
electro-magnetic wave output from another body, or 10 preventing
electro-magnetic waves from leaving a certain body. For example, a sheath
type electro-magnetic shield cover for covering an  electric wire is
disclosed in Japanese Examined Utility Model Publication No.  6-11599,
wherein yam members, around which a metal foil is wound, are  interlaced
with each other to form a round braid. This cover has a good shielding 15
ability because the yam members forming the braid are all wrapped with the
metal  foil, however it has high weight and poor elasticity and, therefore,
the work to  cover the electric wire, or others, to be shielded involves
some difficulties. Also, there is a braid made of a bundled glass fiber and
a single metal wire.  This is light in weight but the metal wire is liable
to break when repeatedly bent or  20 to become thin to increase the
electric resistance. An object of the present invention is to solve the
above-mentioned problem  by providing an electro-magnetic wave shield cover
light in weight, excellent in  elasticity and favorable in durability.
Summary of the Invention 25 According to the invention, an electro-magnetic
wave shield cover is  provided which comprises an array of first yam
members each having the form of  a bundle made by bundling fine fibers
around which a metal foil is spirally wound,  and second yarn members each
being formed as a bundle made by bundling fine  fibers, said first yam
members and said second yam members are arranged at a 30 predetermined
order in a first direction, and an array of first yarn members each  -1 WO
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having the form of a bundle made by bundling fine fibers around which a
metal  foil is spirally wound, and second yarn members each having the form
of a bundle  made by bundling fine fibers, said first yarn members and said
second yarn  members being arranged in a predetermined order in a second
direction angled to 5 the first direction, wherein said first yarn members
and said second yarn members  in the two arrays are interlaced so as to
make a fabric. According to the electro-magnetic wave shield cover thus
structured, the  first yarn members formed as a bundle of fine fibers
around which a metal foil is  wound, and the second yarn members formed as
a bundle of fine fibers, are 10 arranged in a predetermined order in one
direction to define an array, and other  first yarn members formed as a
bundle fine fibers around which a metal foil is  wound, and the other
second yarn members formed as a bundle of fine fibers, are  arranged in a
predetermined order in the other direction angled to the one direction  to
define a second array, wherein each of the yarn members in the array
interlaces 15 each of the yarn members in another array in accordance with
a predetermined rule  to form a fabric. According to one aspect of the
invention, the electro-magnetic wave shield  cover above, is provided,
wherein the metallic foil is spirally wound without  overlapping. 20 BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 An enlarged view of a surface of one
embodiment of the present invention.  Fig. 2 An enlarged view of a first
yarn member. Fig. 3 (A) An illustration of a double-yarn group of second
yarn members prior to  being doubled. 25 (B) An illustration of a
double-yarn group of second yarn members after  being doubled. Fig. 4 A
graph of the thermal shrinkage of the embodiment according to the  present
invention. Fig. 5 A graph of the electro-magnetic shielding characteristic
of the embodiment  30 according to the present invention. -2 WO 03/013208
PCT/US02/22248  Explanation of Reference Numerals 



10--- first yarn member  11--- synthetic fiber  12--- metallic foil 5 20---
second yam member Detailed Description of the Invention The present
invention will be described in more detail below with reference  to the
drawings illustrating the preferred embodiments. This embodiment has an
array of a first yarn members 10, each formed by  10 winding a metal foil
12 around a bundle 11 made by bundling fine fibers metal foil  12, and
second yarn members 20, each formed by bundling fine synthetic fibers,
both the yarn members being arranged in a predetermined order in a first
direction,  and a second array which has the same yam members arranged in a
predetermined  order in a second direction angled to the first direction
and the yarn members of the 15 two arrays are interlaced in accordance with
a predetermined rule so as to make a  fabric, particularly a braid. While
polyester synthetic fiber is used in this embodiment, other synthetic
fibers such as TetronTM, nylon or others may be used. When a high thermal
durability is required, another synthetic fiber such as Comex fiber, PPS
fiber or FR 20 polymer fiber may be used. Also, natural fibers such as
cotton, silk or wool may  be used when clothing such as a
magnetism-shielding cap or the like is produced.  Each of the synthetic
fibers has a fiber size in a range from 1 to 10 decitex (dtex), preferably
from 5 to 6 dtex. A bundle is formed by bundling 10 to 150 ends  of such a
fiber. In this embodiment, 48 ends of thin polyester fiber are bundled to
25 have a yarn size of 280 dtex and an outer diameter of approximately 0.25
mm. The synthetic fiber may be used as a single fiber, but preferably a
bundle of  a plurality of thin fibers is used to obtain elasticity. In this
regard, if the yam is  twisted, the strength thereof may increase but there
may be a risk in that the  direction of spiral generated by the twist does
not match with that of the metal foil 30 to be wound around the yarn
described later to cause instability in the metal foil.  On the other hand,
a tin-plated copper foil is used as a metallic foil 12 to be  wound around
the strand 12 in this embodiment. The metallic foil has a thickness  -3 WO
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in a range from 10 to 60 pm, preferably of 30 pm, and a width in a range
from 0.1  to 1 mm, preferably of 0.3 mm. When the tin-plated copper foil 12
is spirally wound around the bundle 11,  overlapping is avoided to keep a
gap between every adjacent spiral. Preferably, the  5 gap is as small as
possible unless the adjacent edges of spirals of the metallic foil overlap.
By winding the metal foil with a gap between the adjacent spirals, the
resultant cover becomes more flexible and lighter in weight in comparison
with  that obtained without gap. Doubled first yarn members are interlaced
to form a  braid. 10 In this embodiment, the second yarn member is made by
bundling a  plurality of fine polyester fibers which are the same as those
used in the first yarn  member, except that the number of the polyester
fibers is 96, twice that of the first  yarn member to result in the yarn
size of 560 dtex. A doubled second yarn  member is interlaced to form a
braid. 15 In the same manner as the first yarn member, synthetic fibers
other than  polyester, such as Tetron or nylon may be used. When a higher
thermal durability  is required, Comex fiber, PPS fiber or FR polymer fiber
may be used. Also,  natural fiber such as cotton, silk or wool may be used.
Next, a description will given of a braid formed of the first yarn member
10  20 and the second yarn member 20. As shown in Fig. 1, a double-yarn
group of the first yarn members 10 and  the second yarn members 20 disposed
in. a side-by-side manner, respectively, are  arranged in a first direction
running from upper right to lower left and a second  direction running from
upper left to lower right while crossing each other. 25 The doubled-yarn
group of the first yam members 10 disposed in a side-by- side manner and
running in the first direction is sequentially referred to from above  as
10A, 10B, 10C and 10D, respectively; and the doubled-yarn group of the
second  yarn members 20 disposed in a side-by-side manner and running in
the first direction is sequentially referred to from above as 20A, 20B, 20C
and 20D, 30 respectively. The doubled-yam group of the first yarn members
10 disposed in a  side-by-side manner and running in the second direction
is sequentially referred to  from above as 10a, 10b, 10c and 10d,
respectively; and the doubled-yarn group of  -4 



WO 03/013208 PCT/US02/22248  the second yarn members 20 disposed in a
side-by-side manner and running in the  second direction is sequentially
referred to from above as 20a, 20b, 20c and 20d,  respectively. As
illustrated, the doubled-yam group 20A, 20B, 20C or 20D of the second  5
yarn members 20 running in the first direction and the doubled-yarn group
20a,  20b, 20c or 20d of the second yarn members 20 running in the second
direction has  a single oval cross-section formed from originally separated
two circular cross- sections of the second yarn members which are collapsed
and intermingled  together. 10 Fig. 3A shows cross-sections of the second
yarn members 20 before being  doubled, and Fig. 3B shows a cross-section of
the second yarn members 20 after  being doubled. The doubled-yarn group 10A
of the first yarn member 10 running in the  first direction crosses the
doubled-yam groups 10b, 10c and 10d of the first yarn  15 members 10
running in the second direction and the doubled-yam groups 20b, 20c and 20d
of the second yarn members 20 running in the second direction. The
doubled-yam group 10b of the first yam members 10 is arranged above  the
doubled-yarn group 1 OA of the first yam members 10 running in the first
direction; the doubled-yam group 20b of the second yarn members 20 adjacent
to 20 the doubled-yam group 10b of the first yarn members 10 is arranged
beneath the  doubled-yarn group 10A of the first yam members 10 running in
the first direction;  the doubled-yam group 10c of the first yarn members
10 adjacent to the doubled- yarn group 20b of the second yam members 20 is
arranged beneath the doubled- yam group 10A of the first yarn members 10
running in the first direction; the 25 doubled-yam group 20c of the second
yam members 20 adjacent to the doubled- yam group 10c of the first yam
members 10 is arranged above the doubled-yam  group 10A of the first yam
members 10 running in the first direction; and the  doubled-yam group 10d
of the first yam members 10 adjacent to the doubled-yarn  group 20c of the
second yam members 20 is arranged above the double-yam group 30 10A of the
first yam members 10 running in the first direction. That is, the
interlacing is made such that if the double-yam group running in the first
direction  is twice disposed above the double-yarn groups running in the
second direction, 



-5 WO 03/013208 PCT/US02/22248  then it is twice disposed beneath the
latter. This is also true to the other doubled- yarn groups 10B, 10C and
10D of the first yarn members 10 running in the first  direction. A round
braid having an inner diameter of 14 mm is formed by means of a  5 round
braiding machine with 48 feeders. The braid is of a so-called sleeve shape.
While this braid has an inner diameter of 14 mm on the braiding machine, it
has  good elasticity and is stretchable in the longitudinal direction to
become smaller in  diameter. Contrarily, if contracted in the longitudinal
direction, it can have a larger  diameter. The smallest outer diameter is
3.8 mm and the largest inner diameter is 10 23.5 mm. Accordingly, it is
applicable to various bodies to be shielded from  electro-magnetic waves,
such as an electric wire. When putting the braid on the electric wire, the
inner diameter of the braid  is initially widened and then contracted so
that the braid is in tight contact  therewith, and the work is improved. 15
By using the first yam member of synthetic fibers around which a metal
foil is wound and the second yarn member solely formed of synthetic fibers,
the  weight becomes less than the prior art product described in Japanese
Examined  Utility Model Publication No. 6-11599 and is about one fourth
thereof. The above-mentioned prior art product hardly shrinks when heat is
applied.  20 Contrarily, in this embodiment, the braid has a thermal
shrinkage of at least several  percentage. Accordingly, it is possible to
heat-treat the same after putting it on the  body to be shielded so that a
tight contact is obtainable. Fig. 4 shows a graph of the thermal shrinkage
in which the horizontal axis  represents a heat treatment condition and the
vertical axis represents the thermal  25 shrinkage. A curve connecting
white circles shows the present invention, and a curve connecting crosses
shows the prior art. As is apparent from this graph, while  the prior art
product hardly shrinks, the inventive product shrinks 6% when heated  to
100C for 300 hours. As a number of synthetic fibers are exposed on the cut
surface if the braid  30 is cut, it is possible to prevent the synthetic
fibers from fraying by heating and  fusion-bonding the synthetic fibers. 



-6 WO 03/013208 PCT/US02/22248  In this embodiment, the shield cover is
made into a braid, however it can also be made as a woven fabric or a knit
fabric. For example, in place of synthetic  fiber, natural fiber such as
cotton may be used and woven into a fabric from which  clothing, a cap or
an umbrella having an electro-magnetic shielding ability may be  5
obtained. Fig. 5 shows the electro-magnetic shielding characteristic curve
of this  embodiment, wherein the damping effect (shieldability) is 40 dB or
more in a  range from 30 to 500 MHz, and 30 dB or more in a range from 500
to 1000 MHz. It is possible to obtain the required electro-magnetic
shielding level by  10 adjusting a ratio of the first yarn member 10 and
the second yarn member 20 or  adjusting the distance between the doubled
first yarn members 10. The invention defined by each of the claims is an
electro-magnetic wave  shield cover and comprises an array of first yarn
members each having the form of  a bundle made by bundling fine fibers
around which a metal foil is spirally wound, 15 and second yarn members
each formed as a bundle made by bundling fine fibers,  said first yam
members and said second yarn members are arranged at a  predetermined order
in a first direction; and a second array of first yam members  each having
the form of a bundle made by bundling fine fibers around which a  metal
foil is spirally wound, and second yarn members each having the form of a
20 bundle made by bundling fine fibers, said first yam members and said
second yam  members are arranged at a predetermined order in a second
direction angled to the  first direction, wherein said first yarn members
and said second yarn members in  the two arrays are interlaced so as to
make a fabric. The inventive cover is not formed solely of yam members
around which a  25 metal foil is wound, but uses first yarn members having
a form of a bundle made  by bundling fine fibers around which a metal foil
is wound and second yarn members having a form of bundle made by bundling
fine fibers. Thus, the  inventive cover is light in weight and excellent in
stretchability as well as  durability. 30 -7 



WO 03/013208 PCT/US02/22248  What is Claimed is: 1. An electro-magnetic
wave shield cover, comprising: a first array of first yarn members each
having a form of a bundle made by  bundling fine fibers around which a
metal foil is spirally wound, and second yarn  5 members each formed as a
bundle made by bundling fine fibers, said first yarn members and said
second yarn members being arranged in a predetermined order  in a first
direction; and a second array of first yarn members each having a form of a
bundle made  by bundling fine fibers around which a metal foil is spirally
wound, and second  10 yarn members each having form of a bundle made by
bundling fine fibers, said first yarn members and said second yarn members
being arranged in a  predetermined order in a second direction angled to
the first direction, wherein said first yarn members and said second yarn
members in the two  arrays are interlaced so as to make a fabric. 15 2. An
electro-magnetic wave shield cover as defined by claim 1,  wherein the
metal foil is spirally wound without overlapping. 3. An electro-magnetic
wave shield cover as defined by claim 1,  wherein the fabric is formed into
a braid. 4. An electro-magnetic wave shield cover as defined by claim 1,
20 wherein the fiber is a synthetic fiber. 5. An electro-magnetic wave
shield cover as defined by claim 1,  wherein a doubled first yarn member
and a doubled second yarn members are  interlaced so as to make a fabric.
6. An electro-magnetic wave shield cover as defined by claim 1, 25 wherein
fibers of the first yarn members and the second yarn members are made of
the same material with same diameter, and the first yarn member and the
second  yarn member have different numbers of fibers to be bundled. -8 


