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(54) MANUFACTURING METHOD OF WOVEN FABRIC FOR WEARABLE SOLAR CELL AND 
FABRIC FOR WEARABLE SOLAR CELL THEREBY

(57) The present invention provides a woven fabric
used as an electrode substrate for preparing a wearable
solar cell having excellent shape stability and flexibility.

The present invention is characterized in that when
weaving the warp tension is individually adjusted, a sel-
vedge yarn portions of the warp located at both edges of
a unit fabric cell having a group of warps are formed to
have a leno weaving, and the weaving by a metal fiber
in a loom can be performed by preventing the yarn cutting
and the sagging of the selvedge yarn portion of the warp.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0035088 filed
in the Korean Intellectual Property Office on March 24,
2016, the entire contents of which are incorporated here-
in by reference.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

[0002] The present invention relates to a metal fiber
weave fabric for flexible wearable solar cell comprising
a woven fabric.

2. Description of the Related Art

[0003] A photovoltaic industry leading a renewable en-
ergy industry is expected to continuously grow in the fu-
ture, and in particular, the market demand for thin film
solar cells is increasing.
[0004] Meanwhile, recently, the attention has been fo-
cused on wearable devices due to the announcement of
Google Glass.
[0005] A wearable device certainly requires 24-hour
power supply. Accordingly, although a small-sized bat-
tery is built in, a development of a more effective power
source capable of supplying power required for the wear-
able device is attracting attention.
[0006] As the global enters the smart era, the technol-
ogy development of flexible electronic products and
wearable devices has been focused on and the devel-
opment of solar cells requires being light, durable and
flexible.
[0007] The wearable solar cell developed as the above
is expected to be applied to architectural interior materi-
als, outdoor wear, smart health care and so on.
[0008] The wearable solar cell developed up to now
uses an electrode body which consists of metal plates of
an upper layer and a lower layer and cloth inserted be-
tween the two metal plates. And a flexible solar cell in
the form of cloth is known to be manufactured by printing
a photo electrode and a dye on the electrode body by
screen printing, sealing with a sealing member, charging
the inside of the member with an electrolyte and connect-
ing a terminal electrode to a cloth electrode for wiring.
[0009] In addition, Korean Patent Publication No.
2014-0093791 (dye-sensitive solar cell using fiber weav-
ing) discloses a solar cell using woven fabric. The solar
cell is manufactured to be equipped with a photoelec-
trode and a counter electrode woven with wrap of a metal
wire and weft of an insulator wire, and formed by charging
the inside thereof with an electrolyte, and sealed.
[0010] It is difficult to fabricate a dense woven fabric
so as to produce a solar cell, and there are problems that

cutting of fibers are occurs frequently because of the ten-
sion and frictional force that the fine metal fibers inevitably
suffer during the weaving process, and accordingly that
productivity in commercial weaving equipment is remark-
ably lowered.

SUMMARY OF THE DISCLOSURE

[0011] In order to solve the above problems, it is an
object of the present invention to provide a method of
preparing a woven fabric for a flexible wearable solar cell
by using an electrode body woven with metal fibers.
[0012] To accomplish the object of the present inven-
tion, an embodiment of the present disclosure provides
a method of preparing woven fabric for wearable solar
cell comprising: when weaving metal fabric using metal
yarn, warp tension setting step of setting a maximum
warp tension at a predetermined set value according to
property of the metal yarn before starting weaving; and
weaving step of weaving with a warp tension at open
shedding being set on the set value when the weaving
is started and a rate of warp tension change at closed
shedding being adjusted within 30% of the set value by
warp tension adjusting device, wherein in a unit fabric
cell having a group of warps, a selvedge yarn portions
of the warp located at both edges of the cell are formed
to have a leno weaving, and a tension of a leno douping
warp for forming the leno structure is adjusted by a leno
tension adjusting device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is a woven fabric for a wearable solar cell ac-
cording to an embodiment of the present invention.
Fig. 2 is a magnified SEM photograph showing a
surface of the woven fabric of Fig. 1.
Fig. 3 is a magnified SEM photograph showing a
cross section of the woven fabric of Fig. 1.
Fig. 4 is an example of a loom including a warp ad-
justing device according to an embodiment of the
present invention.
Fig. 5 is a fabric woven in a loom according to an
embodiment of the present invention.
Fig. 6 is a photograph showing a leno heddle for
forming a selvage yarn portion of a unit fabric cell
according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0014] The present invention relates to a woven fabric
for providing a wearable solar cell having excellent shape
stability and flexibility. The present invention relates to a
method comprising: using a metal fiber when manufac-
turing the woven fabric, separately regulating the tension
of warp when weaving, and forming a leno weaving by
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an outermost selvedge yarn portion of a unit fabric cell
having a group of warps, thereby preventing the yarn
from being cut and a warp of the selvedge yarn portion
from being sagged to decrease the weaving defect rate
and improve the weaving productivity.
[0015] A woven fabric according to the present inven-
tion is woven with fine metal fiber having the thickness
of 35 to 100mm as a warp and a weft to have plain weave,
dobby weave or satin weave, and in a unit fabric cell
having a group of warps, a selvedge yarn portion of the
warp located at both edges of the fabric cell is formed to
have a leno weaving.
[0016] If the thickness of the metal fiber is less than
35mm, the warp can be cut off by the friction of the warp
or stretched due to the tension during the weaving proc-
ess, and it is easy to deviate the warp tension adjustment
range by reacting sensitively the warp tension adjusting
device of the present invention. If the thickness of the
metal fiber exceeds 100mm, the open shedding and the
closed shedding are not smooth due to the bad stretch
characteristics of the metal fiber, so that the weaving
speed is remarkably lowered, and the thickness of the
weaving fabric is thickened to decrease the flexibility.
[0017] The metal fiber may be a fiber of metal material
such as a stainless steel fiber(SUS yarns), a silver fiber,
a copper fiber, a nickel fiber, and the like, but is not limited
to and the stainless steel fiber is more preferable in terms
of strength and cost.
[0018] The woven fabric of the present invention can
be prepared by weaving in a conventional rapier loom
capable of forming a wide width of 60 inches or more and
at this time, while forming a unit fabric cell having a group
of warps and the width of the unit fabric cell may be 10
to 300mm.
[0019] In addition, it is preferable that the unit fabric
cell has a warp density of 100 to 600 ends/inch and ac-
cordingly, even when the electrolyte is injected into the
spaces between the SUS yarns in the manufacturing
process of the solar cell, the efficiency of the solar cell
can be improved by uniform thickness of the intersections
and non-intersections between the SUS yarns.
[0020] It is preferable that the woven fabric of the
present invention is woven in the form of a combined
yarn by passing 2-12 yarns of the warp, and accordingly,
the metal fibers having thin thickness and weak strength
and bad elongation characteristics can prevent the fiber
from being cut due to the warp tension and a predeter-
mined thickness at the intersection portion between SUS
yarns can be formed.
[0021] The warp sagging of the both edges of the unit
fabric cell occurs because the warp tension acts loosely.
As a result, when the weft is inserted at the time of open
shedding, the warp is frequently cut and the yarn is dis-
placed from the original position and the weaving density
is lowered.
[0022] Accordingly, in the present invention, the edge
of the unit fabric cell forms the leno weaving (the fiber
having leno weaving is formed by twisting a plurality of

warps positioned on the same line while one among the
plurality of the warps is leftward and rightward recipro-
cating about the other warp and by weaving by the weft
interposed therebetween.). Because the doup warp turns
around the warp and the weft, the doup warp used for
forming the leno weaving has a required length of 4 to
10 times that of the warp. As a result, a separate method
is used for the edge warp such as use of a wrap beam
for leno weaving or the provision of the warp with wrap-
ping the wrap on a creel as many as the number of the
warp for leno weaving.
[0023] At this time, the let-off tension of the warp for
leno weaving is let-off by guide tension device using the
warp beam or tension washer mounted on the upper and
lower sides of the creel using the creel, and the difference
in tension along the weaving axis of the warp for leno
weaving is adjusted at every warp so that a constant ten-
sion is maintained.
[0024] It is preferable that the weaving density at the
selvage yarn is 10 to 30% lower by controlling the density
of the warp while maintaining the density of the weft. It
is possible to prevent the problem that the thickness of
the fabric is increased or the both ends of the fabric cell
are splashed by making the selvage yarn portion less
dense.
[0025] In generally weaving, the tension of the warp
synchronizes with the main motion of the loom to changes
in pulsation during one rotation of the main axis.
[0026] As a result, when the tension of the warp be-
comes temporarily high due to open shedding or beating
motion, or when a pile is formed at low tension of the pile
warp such as a towel loom, a proper tension correction
is required in many steps in the weaving process.
[0027] The adjustment of the warp tension for correct-
ing the tension may be performed by adjusting the rota-
tional speed of the warp beam, or by winding the warp
around the tension roll and responding the position
change of the tension roll and controlling the amount of
the let-off warp.
[0028] An easing motion can be used as a method of
adjusting the warp tension.
[0029] During one cycle consisting of shedding, pick-
ing, and beating of a loom, an easing roll operation device
such as a servo motor controlled by position control dur-
ing a position control period including beating timing, is
driven to set the easing roll to a predetermined right po-
sition to set the warp tension and is driven to move the
easing roll so as to adjust the warp tension within the
predetermined tension in the tension control period in-
cluding the maximum shedding timing.
[0030] As mentioned above, the warp tension in the
loom can be adjusted with the rotational speed of the
warp beam, but an easing device particularly causing
easing motion can be used to weave the high density
fabric. In this case, since the easing device is driven by
the crank shaft in a power transmitting manner, the ca-
pability of quickly grasping and finely controlling the
change of the tension is decreased. As a result, it is not
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easy to control the warp tension of the sensitive SUS
yarns.
[0031] A wearable solar cell of the present invention is
used as a material for a photoelectrode substrate by us-
ing a woven fabric using metal fibers such as titanium
(Ti) or stainless steel. Because the metal fibers are fine
and sensitive, when weaving, the deformation and the
yarn cutting of metal fibers occur too much so that it is
impossible to weave as much as desired. That is, metal
fibers lack elasticity so that they are easily broken or
stretched when they are subjected to a higher tension
than the set tension. Because once they are stretched,
they are not reduced to their original state, when weaving,
many frictions and collisions incur cutting of yarn by de-
viating from the original position and the stretched warp
is sagged so the weaving itself get impossible by a bad
interlace of the warp and the weft. Thus, metal fibers are
highly sensitive fibers so it is difficult to weave during the
weaving process.
[0032] Accordingly, in the present invention, as shown
in Fig. 4, in order to adjust the tension of the metal fiber
warp to a predetermined range, the weaving can be per-
formed together with controlling the warp tension within
the range of the set tension value by the positive type
rapier loom comprising a dobby for driving the individual
harness frame; an easing device interlocked with the mo-
tion of the dobby; and an easing roller interlocked with
the easing device, thereby adjusting warp tension by
changing position in front, rear, left or right directions.
[0033] In a conventional loom, when weaving is start-
ed, the changed warp tension is measured, and then the
warp tension is controlled through the easing device or
the easing roller.
[0034] On the other hand, in the present invention,
when the weaving is started, the dobby is operated for
the open shedding and closed shedding and the warp
tension is changed at the open shedding and the closed
shedding by harness frame interlocked with the dobby.
At this time, the easing device interlocked with the dobby
operates simultaneously with the operation of the dobby,
and by this operation, the position of the easing roller can
be adjusted within the range of the predetermined value
of the warp tension by changing the position of the easing
roller in advance.
[0035] Generally, when weaving with metal yarns, the
warp tension is maximized at the time of the open shed-
ding and the warp tension at the time of the closed shed-
ding is instantaneously decreased to 40 to 50% of the
maximum warp tension. In the present invention, the
maximum warp tension at the time of open shedding is
set by the easing device interlocked with the dobby and
the change rate of the warp tension is primarily controlled
within 30% based on the set maximum warp tension by
simultaneously operating the easing device according to
the operation of the dobby at the time of the closed shed-
ding, thus the change rate of the warp tension is mini-
mized and the stability of the warp is improved and the
weaving can be easily performed.

[0036] At this time, the set value of the maximum warp
tension can be set according to the properties of the warp
such as the kind, the number and the elongation of the
warp.
[0037] At this time, the easing device can use an elastic
means such as a position changing means by a weight
to be applied or a spring or the like, but in the present
invention, an easing device having a plurality of link
mechanisms that perform joint motion in conjunction with
the dobby motion is used.
[0038] In the construction of the fabric of the present
invention, because when weaving with one warp and
weft, the weaving cannot withstand the friction and the
excessive tension change during weaving process, and
the weaving itself becomes impossible, the warp of 2 to
12 yarns is leaded in a heald and a weft of 2 to 6 yarns
is picked at a time when one time-picking is performed,
thereby strengthening the weak Flexural strength of the
warp and weaving densely,
[0039] At this time, a positive type rapier head can be
applied to picking 2 to 6 yarns as described above.
[0040] Hereinafter, the present invention will be de-
scribed in detail with reference to examples. It is to be
understood, however, that these examples are for illus-
trative purposes only and are not intended to limit the
scope of the present invention. It is to be understood that
various changes, substitutions and alterations can be
made herein without departing from the scope of the in-
vention. And will be apparent to those skilled in the art
to which the present invention pertains.

[Example]

[0041] The weaving was performed so as to have a
unit fabric cell in which the width is 18mm and the length
is 10mm, to be the width between each fabric cell of
10mm and the length therebetween of 10mm, by using
positive type rapier loom equipped with the warp tension
adjusting device comprising: a dobby; an easing device
equipped with a plurality of link mechanisms for perform-
ing a joint motion by being interlocked with the motion of
the dobby; and an easing roller interlocked with the eas-
ing device, thereby adjusting directly the warp tension by
changing position in front, rear, left or right directions. In
order to weave in plain weave so as to form a plurality of
unit fabric cells having fiber density wherein the warp
density is 576 ends / inch, the weft density in which 2
yarn is picked in 1 pick, is 80T (thread)/inch, stainless
steel fibers having a diameter of 50mm and a circular
cross section was used as a warp and a weft, 4 yarns of
the warp were passed through one heald and 12 yarns
are led in into one reed to set a maximum warp unit
number to 19,200 for preparing the weaving.
[0042] And then the maximum tension of the warp is
set at a predetermined set value (15Kg) before starting
the weaving, and when the weaving is started, the dobby
is operated to form a cycle of open shedding, picking and
closed shedding, and at the same time, while the easing
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device and the easing roller, interlocked with the dobby
and the easing device, respectively, are operated to
weave a fabric shown in Fig. 5, with reducing the warp
tension at time of closed shedding so that the change
rate of the warp tension is 20% with respect to the pre-
determined set value.
[0043] At this time, in order to make a selvedge yarn
portion of the warp located at both edges of the fabric
cell having a leno weaving, a leno warp is applied in a
predetermined tension by a tension washer mounted on
the upper and lower sides of the leno warp creel and is
woven to be a length of the leno douping warp as 6 times
that of the non-douping warp.
[0044] Since in a conventional loom, the metal fiber
has bad elasticity and is sensitive to a change in the ten-
sion, it is almost impossible to commercially weave be-
cause of a large number of yarn cutting. However, the
present invention uses a dobby, an easing device which
is equipment for easing motion and interlocked with the
dobby, and an easing roller interlocked with the easing
device to preferentially adjust the warp tension at the
same time of change start of the warp tension, thus as a
result, the degree of change in the warp tension can be
reduced easily and precisely and the occurrence of yarn
cutting can be prevented and it is possible to commer-
cially weave metal fibers in a loom.
[0045] Although the present invention has been de-
scribed in detail with reference to the specific features,
it will be apparent to those skilled in the art that this de-
scription is only for a preferred embodiment and does
not limit the scope of the present invention. Thus, the
substantial scope of the present invention will be defined
by the appended claims and equivalents thereof.

Claims

1. A method of preparing woven fabric for wearable so-
lar cell comprising:

when weaving metal fabric using metal yarn,
warp tension setting step of setting a maximum
warp tension at a predetermined set value ac-
cording to property of the metal yarn before start-
ing weaving; and

weaving step of weaving with a warp tension at open
shedding being set on the set value when the weav-
ing is started and a rate of warp tension change at
closed shedding being adjusted within 30% of the
set value by warp tension adjusting device,

wherein in a unit fabric cell having a group of
warps, a selvedge yarn portions of the warp lo-
cated at both edges of the cell are formed to
have a leno weaving, and a tension of a leno
douping warp for forming the leno structure is
adjusted by a leno tension adjusting device.

2. The method of preparing woven fabric for wearable
solar cell of claim 1, wherein the metal yarn is stain-
less steel yarn and has a diameter of 35 to 100mm.

3. The method of preparing woven fabric for wearable
solar cell of claim 1, wherein the warp tension ad-
justing device comprises:

a dobby for operating harness frame for open
shedding and closed shedding;
an easing device equipped with a plurality of link
mechanisms for performing a joint motion so as
to move an easing roller with interlocked with
the motion of the dobby; and
an easing roller interposed between warp beam
and heald and interlocked with the easing de-
vice, thereby adjusting warp tension by chang-
ing position in front, rear, left or right directions,
wherein the dobby is operated for open and
closed shedding, the easing device interlocked
with the dobby is operated simultaneously with
the operation of the dobby and a position of the
easing roller is changed in front, rear, left or right
directions accordingly to adjust a warp tension.

4. The method of preparing woven fabric for wearable
solar cell of claim 1, wherein a required length of the
leno warp is 4 to 10 times that of the warp.

5. The method of preparing woven fabric for wearable
solar cell of claim 1, wherein the warp of 2 to 12 yarns
is leaded in a heald and a weft of 2 to 6 yarns is
picked at a time when one time-picking is performed.

6. The method of preparing woven fabric for wearable
solar cell of claim 1, wherein the cell has 100 to 600
ends/inch of a density of the warp.

7. The method of preparing woven fabric for wearable
solar cell of claim 1, wherein a maximum warp unit
number is 6,400 to 32,000 by leading in 2 to 16 yarns
per a reed when weaving.

8. The method of preparing woven fabric for wearable
solar cell of claim 1, wherein a plurality of the unit
fabric cell is formed when weaving or a fabric cell of
the unit having a same width as when weaving is
formed.

9. The method of preparing woven fabric for wearable
solar cell of claim 1, wherein the metal fabric is any
one of plain weave, dobby weave and satin weave.

10. A woven fabric for wearable solar cell prepared by
the method of anyone of claim 1 to claim 9, having
100 to 600 ends/inch of a warp density of the metal
yarn.
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