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ABSTRACT OF THE DISCLOSURE

An elecirical surface switch comprising two flexible
contact sheets. made of electrically conductive fabrics
adapted to make electrical connection when the opposed
surfaces thereof are brought into contact with each other.
The two contact sheets are normally biased away from
each other to normally open positions by means of a
multlphclty of resilient fibers which are interwoven with
at least one of the contact sheets and extend between the
two sheets ‘When the two contact sheets are moved to the
closed posmon, the resilient fibers flex so as to permit the
opposed surfaces of the sheets to contact each other.

e e—C—

This invention relates to a surface switch for which are
used fabrics mtertwmed with elastic and insulative
threads. :

The surface switches according to the present invention
can be. applied to-many uses as switches not only for au-
tomatic doors but also for automobile doors, safety de-
vices for elevators-and others, thief alarms and measuring
instruments. . For the operation of an automatic door, a
mat-shaped surface switch is generally used so that, when
an-external. stress is-applied on a part of the surface, two
upper- and lower electrode sheets may come into contact
with each -other to flow an electric current and a relay
may be operated with: this -current to rotate an electric
motor to open or:close the door. The conditions required
of this kind of-surface switch are-that (a) it should con-
duct electricity-.as soon as a .required external stress is
applied, (b) it should return to the original state as soon
as-—the external stress is removed, (c) it should operate
positively for-a long time, (d) it should be easy to make,
(e) it should be -able to be rolled and (f) it should be
cheap.-

Ina conventlonal surface’ switch, two upper and lower
metal screens are made electrodes-and such elastic insu-
lator provided with many holes as a polyester sponge is
inserted and bonded between them. However, there are
defects -that -it is difficult to bond the metal screen and
sponge ‘with each-other, that the bonding agent will pene-
trate the sponge to reduce its elasticity and that a part of
the bonding agent will:cover .the electrode part to make
the electric.contact insufficient. Therefore, the holes made
in.the, sponge are of a.diameter of 30 mm. and the dis-
tance between the holes is about 40 mm. Thus, in fact,
it is difficult, to ‘make the effective contact area of the elec-
trodes more than 15 of the total area. Further, in order
to prevent any accxdental contact due to the flexing of the
electrode surfaces in the position of the hole in the
sponge, it is necessary to use thick metal screens and also
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to make the thickness of the sponge more than 10 mm.
Further, it has been impossible to use this mat switch as
rolled. Therefore, the conventional surface-switch does
not well meet any of the requirements (a) to:(f) above.

Further, in the above example, it can be thought to use
a conductive rubber for the electrode. But, in such case,
it will be more difficult than in the case of metal screens
to reduce the contact resistance and to improve the con-
ductivity. The present invention has eliminated the above
mentioned defects and has realized a surface switch meet-
ing the requirements (a) to (f).

A principal object of the present invention is to provide
a surface switch which has an excellent operation.

A further object of the present invention is to provide
a surface switch which is high in the returning ability and
durabilty.

Another object of the present nvention is to provide a
surface switch which is very easy to mass-produce.

Still another object of the present invention is to pro-
vide a surface switch which can be used even as rolled.

The present invention shall now be explained with ref-
erence to the drawings in which:

FIGS. 1A and 1B are perspective views of fabrics form-
ing a surface switch of the present invention;

FIGS. 2A and 2B are sectioned views on planes IIA—
TIA and IIB—IIB in FIGS. 1A and 1B, respectively;

FIG. 3 is a perspective view of another embodiment;

FIG. 4 is a sectioned view on plane IV—IV in FIG. 3;

FIG. 5 is a sectioned view on plane V—V in FIG. 3;

FIG. 6 shows another embodiment of the fabric;

FIG. 7 is a perspective view of another embodiment;

FIG. 8 is a sectioned view on plane VII—VII in FIG. 7.

In FIG. 1, A is a conductive fabric whose structure
is illustrated in detail in FIG. 2A. In the drawing, 1 is
a weft made of metal wires or elastic synthetic fibers and
2 and 3 are warps of a cross-sectional area of less than
0.04 mm.2 woven with the above mentioned wefts and
made of such conductive material as, for example, copper
wires or metal foils or impregnated with a conductive
paint.

In FIG. 1, B is a conductive fabric whose structure
is illustrated in detail in FIG. 2B. In the drawing, 4 is
a weft made of metal wires or elastic synthetic fibers and
5 and 6 are warps of a cross-sectional area of less than
0.04 mm.2 woven with the above mentioned wefts and
made of such conductive material as, for example, copper
wires or metal foils or impregnated with a conductive
paint.

7 is a rather thick intertwining thread wiven, for ex-
ample, in FIG. 2B, so as to be intertwined with two wefts
4, pulled out above the conductive fabric, again inter-
twined with two wefts 4 and then pulled out. p, is a pitch
in the longitudinal direction (indicated by the arrow in
each of FIGS. 1 and 2) of said intertwining thread and
pp is a pitch in the lateral direction of the interwining
thread. ¢ is a height of the intertwining thread. It is prefer-
able that said intertwining thread is made of such syn-
thetic fibers, for example, of 50 to 3000 deniers high in
the elasticity as polyamide fibers, polyethylene fibers or
polyester fibers.

The surface switch of the present invention is formed,
for example, by overlapping the conductive fabric A on
the side of the conductive fabric B on which the inter-
twining threads 7 extend so that the conductive fabrics A
and B may be opposite each other, a required clearance
¢t may be kept between both conductive fabrics by the
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elastlc and electrlcally insulative intertwining threads 7
and, when an external siress is applied on a part of the
conductive fabric A, the intertwining threads 7 will flex
and therefore the surfaces of the conductive fabrics A and
B may come into contact with each other and, when the
external stress is removed, the intertwining threads 7 and
8 may return to their original forms due to their elasticity
and the contact of the conductive fabrics A and B may
be broken. Therefore, the present invention operates as
a surface switch having the conductive fabrics A and B as
electrode surfaces.

. The conductive fabric B to be used for the surface
switch of the present invention can be easily made by in-
tertwining the threads simultaneously with weaving the
fabric. Also the conductive fabric A can be easily mass-
produced in the same manner. Further, a switch can be
formed by making the conductive fabrics A and B thin
and the clearance ¢ small. In the operation, when an ex-
ternal stress is applied, a contact of large conductive sur-
faces will taken place and, as soon as the external stress is
removed, it will return to the original state. The durability
of the elastic fibers is so high that the switch is endurable
to the use for a long period. Further, this switch can be
used also as rolled.

FIGS. 3 to 5 illustrate other embodiments. In the

drawings, A and B are conductive fabrics with which are
intertwined elastic and electrically insulative threads 9
and 10. The threads 9 and 10 are intertwined with the
warps of the fabrics A and B as illustrated in FIG. 4 in
which 1 is a weft of the fabric A, 2 and 3 are warps, 4 is a
weft of the fabric B and 5 and 6 are warps. The respectlve
materials of the warp and weft are the same as in the
preceding embodiment.
- The intertwining threads 9 arranged in the 10ng1tud1na1
direction are shown with solid lines in FIG. 4 and are in-
tertwined with the alternate wefts 1 and 4 in the fabrics
A and B, respectively. p; is the intertwining pitch. The
intertwining threads 10 arranged in the lateral direction
are shown with broken lines and are intertwined with
every fifth warp in each of the fabrics A and B. p’; is an
intertwining pitch.

Further, these intertwining threads are arranged at a
desired pitch also in the lateral direction (shown with the
arrow in FIG. 3). p’; is a pitch of the intertwining thread
9. po is a pitch of the intertwining thread 160. The pitches
p2<p’s and p’y>py. As the planes formed by these two
kinds of intertwining threads 9 and 10 intersect at right
angles with each other, the space between the fabrics A
and B is like being sectioned with small chambers.
Through these intertwining threads 9 and 16, the fabrics
are opposed to each other with a gap ¢ between them.

In the production, the fabrics A and B and the inter-
twining threads can be simultaneously woven instead of
separately making the fabrics A and B. Therefore, the
surface switch can be easily made. The material of the in-
tertwining thread to be used is the same as in the preceding
example.

FIG. 6 illustrates another embodiment of the formation
of the fabrics. For the formation of the wefts, the warps 2
are so arranged as to skip several wefts so that the con-
ducting area may be increased.

FIGS. 7 and 8 illustrate an embodiment of the sur-
face switch of the present invention formed in the form
of a tape. In the drawings, 1 is a weft and 2, 3, 5 and 6 are
conductive warps woven with the above mentioned wefts
1. A tape woven of insulative warps 12 and the wefts 1 and
a tape woven of insulative warps 13 and the wefts 1 are
provided on the respective sides of a conductive tape
woven of the warps 2 and 3 with the wefts 1 so as to form
a fabric A’. In the same manner, a tape woven of insula-
tive warps 14 and the wefts 1 and a tape woven of insula-
tive warps 15 and the wefts 1 are provided on the respec-
tive sides of a conductive tape woven of the warps 5 and 6
with the wefts 1 so as to form a fabric B”. The threads 12,
13, 14 and 15 are made of polyvinyl alcoholic synthetic
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ﬁbers or viscose fibers. The intertwining threads 9 are in-
tertwined with the wefts 1 and warps 12 of the fabric A’
and with the wefts 1 and warps 14 of the fabric B’. The
intertwining threads 8 are intertwined with the wefts 1 and
warps 13 of the fabric A’ and with the wefts 1 and warps
15 of the fabric B’. Said intertwining threads 8 and 9 are
made of polyester fibers or polyamide fibers. These fabrics
A’ and B’ and intertwining threads are woven simultane-
ously and therefore the surface switch can be very simply
made,

11 is a tubular cover made -of such elastic insulative
material as rubber or synthetic resiti to enclose the above
mentioned switch elements. By fusmg the fube at both
ends, the switch elements within it can be prevented from
bemg influenced by moisture and dust.

The surface switches in the first and . second, embodl-
ments can be used as enclosed in cases in the same man-
ner as in the third embodiment.

While there has been described in connection with the
preferred embodiment of this invention, it will be obvious
to those skilled in the art that various changes and modi-
fications may be made therein without departing from the
invention, and it is aimed, therefore, to cover in the ap-
pended claims all such changes and modifications as fall
within the true spirit and scope of the invention.

What is claimed is: - o

1. An electrical surface switch comprising the com-
bination of a pair of opposed flexible contact sheets made
of fabrics having electrically conductive fibers therein for
making a desired electrical connection when the opposed
surfaces of said sheets are brought into contact with each,
and a multiplicity of resilient fibers made of electrically
nonconductive material intertwined with the fabric of at
least one of said contact sheets and extending between
said sheets for normally biasing the contact sheets away
from each other to normally open positions, said resilient.
fibers being adapted to flex in response to advancing move-
ment of said sheets toward each other to a closed position
where the opposed surfaces of said sheets contact each
other.

2. An electrical surface switch as defined in claim 1 in
which said flexible contact sheets and said resilient fibers
are enclosed within a flexible sheath made of an elec-
trically insulating material.

3. An electrical surface switch comprising the combina-
tion of a pair of opposed flexible contact sheets at least
one of which is made of a woven fabric, said contact

sheets having electrically conductive fibers therein and

adapted to make a desired electrical connection when the
opposed surfaces thereof are brought into contact with
each other, and a multiplicity of resilient fibers made of
electrically nonconductive material and woven as an in-
tegral part of the woven fabric of at least one of said con-
tact sheets, said resilient fibers extending between said
sheets for normally biasing the sheets away from each
other to normally open positions, and flexing in-response
to movement of said sheets to a closed -position where: the
opposed surfaces of said sheets contact each other.

4. An electrical surface switch as defined in claim 3 in
which said flexible contact sheets and: said resilient fibers
are enclosed within a flexible sheath made of an electrlcal-
ly insulating material,

5. An electrical surface switch comprising the com=
bination of a pair of opposed flexiblé contact sheets each
of which is made of woven fabric having electrically non-
conductive wefts- woven with at:least one.area of elec:
trically conductive warps between areas of electrically'non-
conductive warps, the areas of conductive :warps"being
aligned in the two sheets so as to make-'a desired ‘eleé-
trical connection when the opposed surfaces thereof are
brought into contact with each other, and a multiplicity of
resilient fibers made of electrically nonconductive materlal
interwoven with the fabrics of both of said sheets in the
areas of said nonconductive warps and extendmg between
said sheets for biasing the sheets away from each ofHer
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