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Description

[0001] This invention relates to operative devices and
their incorporation in yarns. It relates particularly to the
provision of protection for such devices for use in situa-
tions in which they would be vulnerable to damage. The
invention also provides means by which operative devic-
es may be readily incorporated into every day items and
particularly fabric products.

[0002] Operative devices such as silicon chips have
application in many areas and can be used as sensors
and processors of useful information, and transmitters of
such information or data. They can be used in RFtagging;
position and movement sensors; strain sensors; pres-
sure sensors and signal processors. Itis known tofitthem
in clothing products to monitor movements or character-
istics of the wearer.

[0003] It has been proposed to integrate electronic
components in individual fibres for use in woven material,
and in this respect reference is directed to International
Patent Specification No WO 02/095839. However, the
integrated component is subject to considerable strain
as the fibre is subject to flexure, as well as during its
installation in the fibre by the extrusion process to which
reference is made. Reference is also directed to Interna-
tional Patent Specification No: WO 02/084 617, and to
British Specification No: 2 323 254 which refers to the
possibility of enclosing a transponder in filaments of a
multifilament fibre.

[0004] The presentinvention is directed specifically at
the installation of an operative device within a length of
a multi-filament or multi-fibre yarn. The term "filament” is
used herein to encompass both filaments and fibres in
yarns of this type. The yarn may, consist of natural and/or
synthetic filaments (or fibres). The device can be con-
fined in such a yarn by separating the filaments of the
yarn, and installing the device therein with the filaments
spread around it. According to the invention filaments of
the yarn form acapsule aroundthe device, which capsule
comprises the filaments and a resin cured therebetween.
[0005] Installation of operative devices in a yarn can
be conducted in a pultrusion process, with a series of
devices being installed seriatim in the same length of
yarn. The devices can have conductors connected to
them, which conductors can also become part of the yarn
orfilaments of the yarn. Thus, not only is the device con-
fined within the yarn, but connected conductors can also
become an integral part of the yarn construction. The
operative device itself can take any suitable form, includ-
ing electronic, such as a piezzoelectric crystal device or
asiliconchip referredto above; magnetic (including ferro-
magnetic and paramagnetic); optical, providing reflective
or generated light signals, or showing symbols such as
barcodes; and thermal to generate a signal upon heating
or cooling. The device can also respond chemically to an
external or internal influence, rendering the invention
useful in pharmaceutical and cosmetic applications.
[0006] Inthe preferred method of confining a device in
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a multifilament yarn to form a length of yarn according to
the invention, a plurality of filaments are delivered cen-
tripetally to a central axis, and then drawn along that cen-
tral axis. An operative device is deliveredto the conjoining
filaments at the axis to install the device between the
filaments are the filaments are drawn along the axis. This
method can be carried out as a continuous process with
operative devices being delivered seriatim such thatthey
are installed in successive lengths of yarn drawn along
the axis. Resin can be delivered continuously to the cen-
tral axis, or intermittently with each operative device, to
secure and protest the device when it is confined within
the yarn.

[0007] The method described above can be readily
adapted to form first and second layers of filaments
around the device by delivering a further plurality of fila-
ments to the central axis defined by the already formed
multi-filament yarn. They can be drawn into and around
the yarn with or without resin as required. It is also pos-
sible to install a shock-absorbing layer around the first
filament layer, which is held in place by the second fila-
ment layer formed in this second stage.

[0008] Apparatus for carrying out the method of the
invention typically comprises supplies of individual fila-
ments disposed around a central aperture to deliver fil-
aments thereto; a mechanism for delivering operative de-
vices to the central aperture; and means for drawing yarn
formed from said filaments from the central aperture. The
supplies of filaments may be mounted on a carousel hav-
ing an axis coincident with the central aperture. It can
include supplies of additional filaments disposed around
the path of yarn drawn from the aperture to deliver yarn
to the path and create an additional layer of filaments
around yarn drawn from the central aperture. These can
be mounted on a further carousel with a central aperture
aligned with that of the first.

[0009] The operative device within a length of yarn ac-
cording to the invention is confined within a capsule
around the device and comprising the yarn fibres and/or
filaments. Such a capsule can be sealed around the de-
vice and at both ends to provide complete protection for
the device. The resin of the capsule can also be cured
around the device. Adjacent filaments of the yarn may
be bonded to each other around the the device. It is also
possible to create first and second layers of filaments
around the device, possibly with a shock-absorbing layer
between them using for example, the method outlined
above.

[0010] Asnotedabove, one ormore devices according
to the invention can be encapsulated in a single length
of yarn, and the yarn can be used in various forms of
fabricincluding knitted, braided, stitch bonded and woven
fabrics. If conductors are connected to the device or de-
vices and extend within the fabric, then a central proces-
sor or power source spaced from the electronic device
itself, can be readily connected thereto along those con-
ductors. Of course, such conductors may not be needed
in all circumstances, a the device may provide its own
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power source. Depending upon its load requirements, it
may be able to generate sufficient power either from am-
bient light or heat, or movement. If a device is being used
to monitor adjacent movement or ambient variations,
then its power requirements may be very low indeed.
[0011] The invention will now be described by way of
example and with reference to the accompanying sche-
matic drawings wherein:

Figure 1 illustrates a length of yarn with two operative
devices installed therein;

Figure 2is a cross-section taken on line A-A of Figure
1 illustrating one technique for installing a device in
the yarn;

Figure 3isacross-section taken on line B-B of Figure
1 showing another technique for installing a device
in the yarn;

Figure 4 is a view similar to those of Figures 2 and
3, showingthe creation of multiple layers of filaments
around a device in the yarn;

Figure 5 is a perspective view of a carousel of fila-
ment supply spools in apparatus according to the
invention for confining operative devices in a multi-
filament yarn;

Figure 6 is an enlarged sectional view taken at the
centre of the other plate of the carousel of Figure 5,
showing howthe yarnisformed aroundthe operative
device;

Figure 7 illustrates a length of yarn with a device
installed within thermally bonded filaments; and

Figure 8 illustrates a length of yarn with a device
installed within a capsule defined by resin impreg-
nated filaments.

[0012] Figure 1illustrates a notional length of yarn with
two operative devices installed at different locations the-
realong.. The yarn 2 is a multi filament yarn comprising
fibre and conductive filaments 4, 6. Each electronic de-
vice does, of course, create an expanded section of yarn,
and although this will be evident in the yarn, it would not
be inconsistent with some yarns used in various fabrics.
Accordingly, in many fabrics the presence of anything
unusual in the constituent yarns will not be readily ap-
parent.

[0013] Typical yarn diameters around a device will be
ofthe order of 1mm usingfilaments of approximately 0.15
mm diameter. The volume of a typical device to be in-
stalled will be less than 0.5 mms3. The shape of the device
is not critical, but it is normally rectanguloid, cylindrical
orspherical. Spherical devices of diameter as little as 0.5
mm are contemplated.
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[0014] Figure 2 illustrates how the filaments inthe yarn
can be distributed around the device to confine it within
the yarn. It also shows how the conductive filaments and
fibre filaments are distributed. As can be seen four con-
ductive filaments 6 are located at opposite ends of per-
pendicular diameters in the yarn cross-section, with two
fibre filaments 4 located therebetween. Resin 8 is cast
within the volume defined by the filaments 4 and 6, and
around the electronic device or chip 10. The resin will
normally be a polymer resin such as polyester or poly-
urethane resin; and the fibre filaments polyester or polya-
mide. The conductive filaments will normally be metal
filament wires in the form of a polymeric monofilament
yarn with either a copper or silver metal core wire.
[0015] The cured resin 8 provides a solid casing and
protection forthe chip 10, which is sealed not only around
the chip towards the yarn surface, but also at its ends
within the yarn. The resin thus forms a solid capsule
which provides effective protection for the chip even
when the yarn in which it is confined is subject to the
inevitable rigours of flexure during use, and particularly
if used to form part of a fabric; thermal stress of the kind
to which it will be subject during post processing and
washing, and physical damage arising from contact with
other bodies.

[0016] Figure 3 illustrates an alternative technique for
confining and protecting an electronic device confined
between the filaments of a multi filament yarn. In this
variant, conductive filaments 6 are located as they are in
Figure 2, at the opposite end of perpendicular diameters.
However, in Figure 3 three fibre filaments 4 are shown
between adjacent conductive filament 6. The reason for
this is to ensure that adjacent filaments are in proper
contact. Heat is applied to the filaments in a carefully
controlled manner to soften and then melt abutting ex-
ternal sections of filament so that a bond is created when
the fibres are allowed to cool. Using heat to create these
thermal bonds has the benefit of interfering less directly
with the enclosed chip 10, but does, of course, expose
the chip to heat. What, or which of the two techniques
described herein should be used does therefore depend
very much upon the nature of the component filaments
inthe yarn; the characteristics of the chip, andits potential
vulnerability on the one hand to heat and on the other to
a chemical resin, as well as the need to ensure that the
chip is securely held or encapsulated within the filaments
of the yarn. In this respect, it should be noted that im-
pregnating with resin the volume defined by the yarn fil-
aments around the chip wholly envelopes or encapsu-
lates the chip thereby providing maximum stability and
protection. The thermal bonding technique of Figure 3
does not so readily provide a seal at the axial ends of the
chip but as a consequence, the chip is more readily ac-
cessible by virtue of being more exposed at its ends.
[0017] Figure 4 shows how two layers of filaments can
be arranged around an operative device in a multi-fila-
ment yarn. A group of inner filaments 12 creates a first
protective layer around an operative device 14 within a
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mass of resin 16 in a manner similarto the arrangements
described above with reference to Figures 2 and 3. Outer
filaments 18 form a second layer around the first layer,
and in the arrangement shown a shock-absorbing layer
20isinterposedbetween the first and second layers. The
use of two separate layers of filaments enables the inner
layer to provide protection for the operative device. The
outer layer, as well as providing some additional protec-
tion, can serve to identify the nature of the confined de-
vice 14, for example by being colour coded.

[0018] The shock-absorbing layer 20 is not essential
tothe arrangement of Figure 4, and can be omitted. How-
ever, by providing what can be a relatively stiff shell
aroundthe protective device, it enablesthe use of a softer
resin encapsulating the device 14, and this can be of
value in some circumstances. The layer 20 is typically a
ring pre-formed from a length of plastics tube, itself rein-
forced by auxiliary filaments 22. These auxiliary filaments
can be glass fibre filaments, but metal filaments could
also be used, depending upon the nature of the operative
device 14 and the influence they might have on its func-
tion.

[0019] Figures 5 and 6 illustrate a preferred process
for confining an operative device within a multi-filament
yarn ofthe invention. A plurality of spools 24 are arranged
in a carousel 26 from which filaments 28 are drawn
through appropriate openings in an upper plate 30, and
then drawn to the carousel axis as indicated. At the axis
the filaments 28 are drawn into a manifold from which
they are drawn downwards along the axis. The carousel
26 will normally rotate during the process to impart a twist
to the drawn yarn, but may be stationary.

[0020] The filaments 28 are drawn into and through
the manifold 32 at a steady rate. Atintervals, an operative
device such as a microchip is injected into the space
between the conjoining filaments with a predetermined
mass of polymer resin from a syringe 34. The syringe 34
has a reservoir 36 of resin from which the resin is drawn
through a tip 38 defining a passage having a generally
cylindrical cross-section. The operative device is deliv-
ered to a central chamber 40 in the tip, and when acti-
vated the syringe delivers the device and a mass of resin
along the duct 42 to the manifold 32. The delivery of de-
vices to the chamber 40, and the operation of the syringe
34 will be determined by a computer (not shown).
[0021] Between the manifold 32 and the upper plate
30 of the carousel 26 the filaments and resin encapsu-
lated device pass through a curing station 44. This will
provide an appropriate curing environment for the resin,
such as a heated zone or ultraviolet light, and the yarn
46 can be drawn down from the curing station 44 in the
form of successive lengths, each including an encapsu-
lated operative device. What is described is essentially
pultrusion process in which the drawing down of the fin-
ished yarn 46 provides the essential movement of the
filaments 28 from the spools 24.

[0022] It will be appreciated that a completed multi-
filament yarn 46 of the kind referred to above can be
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drawn through a second carousel which delivers addi-
tionalfilamentsto form asecond layer of filaments around
the first layer formed by the filaments 28. The result is
an arrangement similar to that described above with ref-
erence to Figure 4, and shock-absorbing layers (20) can
similarly be introduced between the first and second lay-
ers of filaments so formed.

[0023] Whatever technique is adopted, in preferred
embodiments of the invention the electronic device is ef-
fectively confined in a resilient capsule integrated as an
element in the length of yarn. This does, of course, alter
the physical and mechanical properties of the yarn as a
whole, and this must be taken into account when the yarn
is subject to subsequent treatment or use. Some of the
elastic properties of the yarn will have been lost, as will
adegree of flexibility if only forthe reason thatthe capsule
itself will be substantially inflexible, with bending strains
being transferred directly to opposite axial ends of the
capsule. The elastic modulus of the yarn will be influ-
enced by the dimensions of the chip which is encapsu-
lated between the fibres/filaments of the yarn. Stresses
will also be generated during the encapsulation process
as a consequence of heating or shrinkage, and these
stresses have to be taken into account.

[0024] Figures 7 and 8 provide some guidance as to
the increased stresses the yarn filaments will undergo
as a consequence of confining an electronic device in a
section thereof. Because the capsule can be substantial-
ly rigid or inflexible, when the yarn is bent this has to be
accommodated in other sections. Most importantly, this
flexure may focus particularly on the section of the yarns
where they engage or merge with the capsule ends. For
this reason it is important as far as possible to preserve
the integrity of the yarns in the capsule area, and this is,
of course, of especial significance in embodiments in
which heat is applied to thermally bond adjacent fila-
ments. On the other hand, when the filaments are ther-
mally bonded, the yarn cross-section at which the fila-
ments adjoin the capsule is less well defined, allowing
filament bending to be concentrated at different adjacent
locations.

[0025] Although inthe above description the operative
device confined in the yarn is identified as a silicon chip,
it will be understood that other devices can also be con-
finedinthis manner. As noted above, a suitable operative
device might take any form, such as electronic , magnet-
ic, optical or thermal.

[0026] The present invention provides a means by
which a continuous process can be used to confine op-
erative devices in multi-fibre or multi-filament yarns. Pul-
trusion is a continuous process that produces little waste
of materials. A pultrusion process embodying the inven-
tion can be used to draw soft skin and hard core filament
fibres through pre-formed plates and around an electron-
ic device before the device is encapsulated using one of
the techniques referred to above. Atwist can be imparted
to the yarn as desired after the electronic device is in-
stalled, and the capsule formed. The result is a continu-
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ous string of encapsulated devices, which can be used
as a yarn in various applications such as those referred
to above, or merely as a supply of encapsulated devices
having many different applications. They can be sepa-
rated for sale or use very simply, and in yarn form can
be readily stored.

Claims

10.

A length of multi-filament yarn (2) including an oper-
ative device (10) within a portion thereof, the device
(10) being confined between the filaments (4, 6) of
the yarn (2)

CHARACTERIZED IN THAT

filaments (4, 6) of the yarn (2) form a capsule around
the device (10), which capsule comprises the fila-
ments (4, 6) and a resin (8) cured therebetween.

A length of multi-filament yarn (2) according to Claim
1 wherein the device (10) comprises at least one of
electronic, magnetic, optical and thermal elements,
or combinations thereof.

A length of multi-filament yarn (2) according to Claim
1 or Claim 2 wherein the capsule forms an enclosure
sealed around the device (10) and at both ends.

A length of multi-filament yarn (2) according to any
preceding Claim wherein the resin (8) is cured
around the device (10).

A length of multi-filament yarn (2) according to any
of Claims 1 to 3 wherein the device (10) is encased
in a resin mass (16) within the capsule.

A length of multi-filament yarn (2) according to any
preceding Claim wherein adjacent filaments (4, 6) of
the yarn (2) are bonded to each other around the
device (10).

A length of multi-filament yarn (2) according to any
preceding Claim comprising a first layer of filaments
(12) confining the device (14) and a second layer of
filaments (18) extending around the first layer (12).

A length of multi-filament yarn (2) according to Claim
7 including a shock-absorbing layer (20) between
the first (13) and second (18) filament layers.

A length of multi-filament yarn (2) according to any
preceding Claim wherein at least one of the yarn
filaments (B) is electrically conductive.

A length of multi-filament yarn (2) according to Claim
9 wherein said at least one yarn is a metal core fila-
ment (22).
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

A length of multi-filament yarn (2) according to Claim
9 or Claim 10 wherein said at least one yarn filament
(22) comprises copper.

A length of multi-filament yarn (2) according to any
of Claims 9 to 11 wherein said at least one yarn fil-
ament (22) is coupled to the device (14) to form an
electrical connection thereto.

A length of multi-filament yarn (2) according to any
preceding Claim wherein the device (14) is a silicon
chip, a ferro-magnetic polymeric chip or a phase
change chip.

A fabric comprising at least one length of yarn (2)
according to any preceding Claim.

A knitted fabric according to Claim 14.
A woven or a braided fabric according to Claim 14.

Yam comprising successive lengths thereof accord-
ing to any preceding Claim.

A method of confining an operative device (10) in a
multi-filament yarn (2), comprising delivering a plu-
rality of filaments (28) centripetally to a central axis
and drawing them along the axis; delivering an op-
erative device to the conjoining filaments at the axis
to install the device (10) between the filaments (28)
as the filaments (28) are drawn along the axis; and
applying resin (8) to the yarn (2) to form a capsule
comprising the filaments (28) around the device (10).

A method according to Claim 18 wherein a resin (8)
is cast and cured between the fibres and/or filaments
(28) to form the capsule.

A method according to Claim 19 wherein the resin
(8) is also cast and cured around the device (10).

A method accordingto any of Claims 18to 20 where-
in adjacent filaments (28) around the device are
bonded to one another.

A method according to Claim 21 wherein the device
(10)isencasedin aresinmass (8) within the capsule.

A method accordingto any of Claims 18to 22 where-
in the plurality of filaments (28) delivered centripe-
tally and drawn along the axis form a first layer of
filaments (12) around the device, the method includ-
ing the step of delivering a further plurality of fila-
ments (46) towards the axis and drawing them par-
allel to the axis to form a second layer (18) of fila-
ments around the first layer (12).

A method according to Claim 23 including the step
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26.

27.

28.

29.

30.

31.

32.
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of introducing a shock-absorbing layer (20) between
the first (12) and second (18) filament layers.

Amethod according to any of Claims 18 to 24 where-
in at least one of the filaments (6) in the yarn (2) is
electrically conductive.

Amethod according to Claim 25 wherein said at least
one yarn filament (6) is coupled to the device (14) to
form an electrical connection thereto.

Amethod according to any of Claims 18 to 26 where-
in a plurality of devices (14) are confined in succes-
sive lengths of the same yarn (2).

Apparatus for carrying out the method of any of
Claims 18 to 27, which apparatus comprises sup-
plies (24) of individual filaments (28) disposed
around a central aperture to deliver filaments (28)
thereto; a mechanism for delivering operative devic-
es (10) to the central aperture; means for drawing
yarn (2) formed from said filaments (28) from the
central aperture; and means for delivering an encap-
sulating resin (8) to the central aperture with a said
operative device (10).

Apparatus according to Claim 28 wherein the sup-
plies (24) of filaments (28) are mounted on a carouse
(26) having an axis coincident with the central aper-
ture.

Apparatus according to Claim 28 or Claim 29 includ-
ing means for bonding filaments (28) together
around an operative device (10) confined thereby.

Apparatus according to any of Claims 28 to 30 in-
cluding supplies of additional filaments (46) dis-
posed around the path of yarn drawn from the aper-
ture to deliver yarn to the path and create an addi-
tional layer of filaments (18) around yarn drawn from
the central aperture.

Apparatus according to Claim 31 wherein the sup-
plies of additional filaments (46) are mounted on a
carousel having an axis coincident with the path.

Patentanspriiche

1.

Multifilgarnlange (2), die ein betriebsfahiges Funkti-
onselement (10) innerhalb eines Abschnittes davon
umfasst, wobeidas Funktionselement (10) zwischen
den Filamenten (4, 6) des Garnes (2) eingeschlos-
sen wird,

dadurch gekennzeichnet, dass

die Filamente (4, 6) des Garnes (2) eine Kapsel um
das Funktionselement (10) herum bilden, wobei die
Kapsel die Filamente (4, 6) und ein dazwischen aus-
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10.

11.

12.

13.

10
gehartetes Harz (8) aufweist.

Multifilgarnidnge (2) nach Anspruch 1, bei der das
Funktionselement (10) mindestens eines von elek-
tronischen, magnetischen, optischen und thermi-
schen Elementen oder deren Kombinationen auf-
weist.

Multifilgarni&nge (2) nach Anspruch 1 oder Anspruch
2, bei der die Kapsel eine Hlle bildet, die um das
Funktionselement (10) herum und an beiden Enden
abgedichtet ist.

Multifilgarnlange (2) nach einem der vorhergehen-
den Anspriiche, bei der das Harz (8) um das Funk-
tionselement (10) herum ausgehértet ist.

Multifilgarnldnge (2) nach einem der Anspriiche 1
bis 3, bei der das Funktionselement (10) in einer
Harzmasse (16) innerhalb der Kapsel eingeschlos-
sen ist.

Multifilgarnl&nge (2) nach einem der vorhergehen-
den Anspriiche, bei der benachbarte Filamente (4,
6) des Garnes (2) um das Funktionselement (10)
herum miteinander verbunden sind.

Multifilgarnléange (2) nach einem der vorhergehen-
den Anspriiche, die eine erste Schicht (12) von Fi-
lamenten, die das Funktionselement (14) ein-
schlieBt, und eine zweite Schicht (18) von Filamen-
tenaufweist, die sich umdie erste Schicht (12) herum
erstreckt.

Multifilgarnlédnge (2) nach Anspruch 7, die eine
stoBdampfende Schicht (20) zwischen der ersten
(12) und der zweiten Schicht (18) von Filamenten
einschlieft.

Multifilgarni&nge (2) nach einem der vorhergehen-
den Anspriiche, bei der mindestens eines der Garn-
filamente (6) elektrisch leitfahig ist.

Multifilgarnléange (2) nach Anspruch 9, bei der das
mindestens eine Garn ein Metallkernfilament (22)
ist.

Multifilgarni&nge (2) nach Anspruch 9 oder Anspruch
10, bei der das mindestens eine Garnfilament (22)
Kupfer aufweist.

Multifilgarnlange (2) nach einem der Anspriiche 9
bis 11, bei der das mindestens eine Garnfilament
(22) mit dem Funktionselement (14) verbunden ist,
um eine elektrische Verbindung damit herzustellen.

Multifilgarnidnge (2) nach einem der vorhergehen-
den Anspriche, bei der das Funktionselement (14)
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15.

16.

17.

18.

19.

20.

21.

22,

23.

24,
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ein Siliciumchip, ein ferromagnetischer Polymerchip
oder ein Phasenénderungschip ist.

Stoff, dermindestens eine Garnlénge (2) nach einem
der vorhergehenden Anspriiche aufweist.

Gewirk nach Anspruch 14.
Gewebe oder Geflecht nach Anspruch 14.

Garn, das aufeinanderfolgende Langen davon nach
einem der vorhergehenden Anspriiche aufweist.

Verfahren zum EinschlieBen eines betriebsfahigen
Funktionselementes (10) in einem Multifilgarn (2),
das die folgenden Schritte aufweist: Zufiihren einer
Vielzahlvon Filamenten (28) zentripetal zu einer Mit-
telachse und Ziehen dieser langs der Achse; Zufilh-
ren eines betriebsféhigen Funktionselementes zu
den verbundenen Filamenten auf der Achse, um das
Funktionselement (10) zwischen den Filamenten
(28) einzubauen, wahrend die Filamente (28) langs
der Achse gezogen werden; und Aufbringen von
Harz (8) auf das Garn (2), um eine Kapsel zu bilden,
die die Filamente (28) um das Funktionselement (10)
herum aufweist.

Verfahren nach Anspruch 18, bei dem ein Harz (8)
zwischen die Fasern und/oder Filamente (28) ge-
gossen und ausgehértet wird, um die Kapsel zu bil-
den.

Verfahren nach Anspruch 19, bei dem das Harz (8)
ebenfalls um das Funktionselement (10) herum ge-
gossen und ausgehartet wird.

Verfahren nach einem der Anspriiche 18 bis 20, bei
dem benachbarte Filamente (28) um das Funktions-
element herum miteinander verbunden werden.

Verfahren nach Anspruch 21, bei dem das Funkti-
onselement (10) in einer Harzmasse (8) innerhalb
der Kapsel eingeschlossen wird.

Verfahren nach einem der Anspriiche 18 bis 22, bei
dem die Vielzahl der Filamente (28), die zentripetal
zugeflhrt und langs der Achse gezogen wird, eine
erste Schicht (12) von Filamenten um das Funkti-
onselement herum bildet, wobei das Verfahren den
Schritt des Zuflihrens einer weiteren Vielzahl von
Filamenten (46) in Richtung der Achse und deren
Ziehen parallel zur Achse umfasst, um eine zweite
Schicht (18) von Filamenten um die erste Schicht
(12) herum zu bilden.

Verfahren nach Anspruch 23, das den Schritt des
Einflihrens einer stoBd&mpfenden Schicht (20) zwi-
schen der ersten (12) und der zweiten Schicht (18)
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von Filamenten umfasst.

Verfahren nach einem der Anspriiche 18 bis 24, bei
dem mindestens eines der Filamente (6) im Garn (2)
elektrisch leitféhig ist.

Verfahren nach Anspruch 25, bei dem das minde-
stens ein Garnfilament (6) mit dem Funktionsele-
ment (14) verbunden ist, um eine elektrische Ver-
bindung damit herzustellen.

Verfahren nach einem der Anspriiche 18 bis 26, bei
dem eine Vielzahl von Funktionselementen (14) in
aufeinanderfolgenden L&ngen des gleichen Garnes
(2) eingeschlossen wird.

Vorrichtung zur Durchfiihrung des Verfahrens nach
einem der Anspriiche 18 bis 27, wobei die Vorrich-
tung aufweist: Zufiihrungen (24) von einzelnen Fila-
menten (28), die um eine zentrale Offnung herum
angeordnet sind, um Filamente (28) dorthin zuzu-
flhren; einen Mechanismus flir das Zufiihren der be-
triebsfahigen Funktionselemente (10) zur zentralen
Offnung; eine Einrichtung flr das Ziehen des aus
den Filamenten (28) hergestellten Garnes (2) von
der zentralen Offnung aus; und eine Einrichtung fiir
das Zufiihren eines einkapselnden Harzes (8) zur
zentralen Offnung mit einem betriebsfahigen Funk-
tionselement (10).

Vorrichtung nach Anspruch 28, bei der die Zufiih-
rungen (24) von Filamenten (28) auf einem Karussell
(26) mit einer Achse montiert sind, die mit der zen-
tralen Offnung Ubereinstimmt.

Vorrichtung nach Anspruch 28 oder Anspruch 29,
die eine Einrichtung flir das Verbinden der Filamente
(28) miteinander um ein dadurch eingeschlossenes
betriebsféhiges Funktionselement (10) herum um-
fasst.

Vorrichtung nach einem der Anspriiche 28 bis 30,
die Zuflhrungen flr weitere Filamente (46) umfasst,
die um den Weg des Garnes angeordnet sind, das
aus der Offnung gezogen wird, um Garn dem Weg
zuzuflihren, und um eine weitere Schicht von Fila-
menten (18) um das Garn zu bilden, das aus der
zentralen Offnung gezogen wird.

Vorrichtung nach Anspruch 31, bei der die Zuflih-
rungen von weiteren Filamenten (46) auf einem Ka-
russell mit einer Achse montiert sind, die mit dem
Weg Ubereinstimmt.

Revendications

1.

Longueur de fil multi-filaments (2) incluant un dispo-



10.

11.

13

sitif fonctionnel (10) & l'intérieur d’une partie du fil, le
dispositif (10) étant enfermé entre les filaments (4,
6) du fil (2),

caractérisée par le fait que

les filaments (4, 6) du fil (2) forment une capsule
autour du dispositif (10), laquelle capsule comprend
les filaments (4, 6) et une résine (8) durcie entre les
filaments.

Longueur de fil multi-filaments (2) selon la revendi-
cation 1, dans laquelle le dispositif (10) comprend
aumoins un composant parmides composants élec-
troniques, magnétiques, optiques et thermiques ou
des combinaisons de ces composants.

Longueur de fil multi-filaments (2) selon la revendi-
cation 1 ou la revendication 2, dans laquelle la cap-
sule forme une enveloppe scellée autour du dispo-
sitif (10) et aux deux extrémités.

Longueur de fil multi-filaments (2) selon 'une quel-
conque des revendications précédentes, dans la-
quelle la résine (8) est durcie autour du dispositif
(10).

Longueur de fil multi-filaments (2) selon I'une quel-
conque des revendications 1 a 3, dans laquelle le
dispositif (10) est noyé dans une masse de résine
(16) a lintérieur de la capsule.

Longueur de fil multi-filaments (2) selon I'une quel-
conque des revendications précédentes, dans la-
quelle des filaments adjacents (4, 6) du fil (2) sont
liés les uns aux autres autour du dispositif (10).

Longueur de fil multi-filaments (2) selon 'une quel-
conque des revendications précédentes, compre-
nant une premiéere couche de filaments (12) enfer-
mant le dispositif (14) et une seconde couche de
filaments (18) s’étendant autour de la premiére cou-
che (12).

Longueur de fil multi-filaments (2) selon la revendi-
cation 7, incluant une couche absorbant les chocs
(20) entre la premiere (12) et la seconde (18) cou-
ches de filaments.

Longueur de fil multi-filaments (2) selon I'une quel-
conque des revendications précédentes, dans la-
quelle au moins un des filaments de fil (6) est élec-
troconducteur.

Longueur de fil multi-filaments (2) selon la revendi-
cation 9, dans laquelle ledit au moins un fil est un
filament a &me métallique (22).

Longueur de fil multi-filaments (2) selon la revendi-
cation 9 ou la revendication 10, dans laquelle ledit
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au moins un filament de fil (22) comprend du cuivre.

Longueur de fil multi-filaments (2) selon 'une quel-
conque desrevendications9a 11, danslaquelle ledit
au moins un filament de fil (22) est couplé au dispo-
sitif (14) pour former une connexion électrique avec
celui-ci.

Longueur de fil multi-filaments (2) selon 'une quel-
conque des revendications précédentes, dans la-
quelle le dispositif (14) est une puce en silicium, une
puce en polymere ferro-magnétique ou une puce a
changement de phase.

Etoffe comprenant au moins une longueur de fil (2)
selon l'une quelconque des revendications précé-
dentes.

Etoffe tricotée selon la revendication 14.
Etoffe tissée ou tressée selon la revendication 14.

Fil comprenant des longueurs successives de fil se-
lon une quelconque des revendications précéden-
tes.

Procédé pour enfermer un dispositif fonctionnel (10)
dans un fil multi-filaments (2), comprenant |a distri-
bution centripéte d’'une pluralité de filaments (28)
vers un axe central et leur étirage le long de I'axe;
'amenée d’'un dispositif fonctionnel vers les fila-
ments se rejoignant au niveau de I'axe pour installer
le dispositif (10) entre les filaments (28) tandis que
les filaments (28) sont étirés le long de l'axe; et I'ap-
plication d’une résine (8) sur le fil (2) pour former une
capsule comprenant les filaments (28) autour du dis-
positif (10).

Procédé selon la revendication 18, dans lequel une
résine (8) est coulée et durcie entre les fibres et/ou
filaments (28) pour former la capsule.

Procédé selon la revendication 19, dans lequel la
résine (8) est également coulée et durcie autour du
dispositif (10).

Procédé selon 'une quelconque des revendications
18 a 20, dans lequel des filaments adjacents (28)
autour du dispositif sont liés les uns aux autres.

Procédé selon la revendication 21, dans lequel le
dispositif (10) est noyé dans une masse de résine
(8) a l'intérieur de la capsule.

Procédé selon 'une quelconque des revendications
18 a 22, dans lequel la pluralité de filaments (28)
distribués de maniére centripéte et étirés le long de
I'axe forme une premiére couche de filaments (12)
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autour du dispositif, le procédé incluant I'étape de
distribution d’une autre pluralité de filaments (46) en
direction de I'axe et d’étirage des filaments parallé-
lement & I'axe pour former une seconde couche (18)
de filaments autour de la premiére couche (12).

Procédé selon la revendication 23, incluant I'étape
d’introduction d’'une couche absorbant les chocs
(20) entre la premiere (12) et la seconde (18) cou-
ches de filaments.

Procédé selon 'une quelconque des revendications
18 a 24, dans lequel au moins un des filaments (6)
du fil (2) est électroconducteur.

Procédé selon la revendication 25, dans lequel ledit
aumoins un filament de fil (6) est couplé au dispositif
(14) pour former une connexion électrique avec ce-
lui-ci.

Procédé selon 'une quelconque des revendications
18 & 26, dans lequel une pluralité de dispositifs (14)
sont enfermés dans des longueurs successives du
méme fil (2).

Dispositif pour exécuter le procédé selon 'une quel-
conque des revendications 18 a 27, lequel dispositif
comprend des alimentations (24) de filaments indi-
viduels (28) disposées autour d’une ouverture cen-
trale pour fournir des filaments (28) a celle-ci; un
mécanisme pouramener des dispositifs fonctionnels
(10) vers l'ouverture centrale; un moyen pour étirer
le fil (2) formé par lesdits filaments (28) depuis
Fouverture centrale; et un moyen pour amener une
résine d’encapsulation (8) vers I'ouverture centrale
avec un dit dispositif fonctionnel (10).

Dispositif selon la revendication 28, dans lequel les
alimentations (24) de filaments (28) sont montées
sur un plateau tournant (24) pourvu d’un axe qui
coincide avec 'ouverture centrale.

Dispositif selon |la revendication 28 ou |a revendica-
tion 29, incluant un moyen pour lier les filaments (28)
les uns aux autres autour d’un dispositif fonctionnel
(10) enfermé par les filaments.

Dispositif selon 'une quelconque des revendications
282 30, incluant des alimentations de filaments sup-
plémentaires (46) disposées autour du trajet du fil
étiré depuis louverture pour amener un fil vers le
trajet et créer une couche supplémentaire de fila-
ments (18) autour du fil étiré depuis ouverture cen-
trale.

Dispositif selon la revendication 31, dans lequel les
alimentations de filaments supplémentaires (46)
sont montées sur un plateau tournant pourvu d’un
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axe qui coincide avec le trajet.
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