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(54) Rotary connector

(57) A rotary connector includes a stator (1) that in-
cludes an outer cylindrical part, a rotor (2) that includes
an inner cylindrical part (8b) and is rotatably supported
by the stator, three or more flat cables (3, 4) that are
received in an annular space (10) formed between the
outer and inner cylindrical parts while being reversely
wound on the way, and a holder (5) that is rotatably dis-
posed in the annular space (10) and includes three or

more openings through which reversed portions (3a, 4a)
of the flat cables (3, 4) individually pass. The width of one
opening in a circumferential direction is set to be smaller
than that of each of the other openings in the circumfer-
ential direction. The holder (5) is driven by a pushing
force from the flat cable that passes through the narrow
opening. The bending strength of the driving side flat ca-
ble (3) is set to be higher than that of each of the other
flat cables.
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Description

Cross Reference to Related Application

[0001] The present invention contains subject matter
related to Japanese Patent Application No. 2008-001324
filed in the Japanese Patent Office on January 08, 2008,
the entire contents of which being incorporated herein
by reference.

BACKGROUND

1. Technical Field

[0002] The present invention relates to a rotary con-
nector that is assembled into a steering device of an au-
tomobile and used as electrical connection means of an
airbag system or the like, and more particularly, to a rotary
connector where three or more flat cables are reversely
wound through reversed portions in an annular space
formed between a stator and a rotor.

2. Related Art

[0003] In a rotary connector, a rotor including an inner
cylindrical part is rotatably supported by a stator including
an outer cylindrical part, and flat cables are received and
wound in an annular space formed between the outer
and inner cylindrical parts. The rotary connector has been
used as electrical connection means of an airbag inflator
or the like that is mounted in a steering wheel of which
the number of revolutions is limited like a steering device
of an automobile. The flat cable is a band-shaped body
where conductors are supported on an insulating film.
There has been known a spiral type rotary connector
where a flat cable is spirally wound and a reverse type
rotary connector where a flat cable is reversely wound
on the way, but the reverse type rotary connector has
been mainly used since the length of the flat cable can
be significantly reduced. One flat cable has been gener-
ally used in the reverse type rotary connector. However,
in the past, there has been proposed a rotary connector
that is formed to cope with multiple circuits by spreading
conductors on two or more flat cables (for example, refer
to U. S. Patent No. 6, 302, 716 which corresponds to JA-
P-10-116672).
[0004] Fig. 5 is a plan view of a rotary connector, which
is disclosed in U. S. Patent No.6,302,716, in the related
art. The rotary connector includes a stator 100 that in-
cludes an outer cylindrical part 100a, a rotor 101 that
includes an inner cylindrical part 101a rotatably support-
ed at the central position of the stator 100, a ring-shaped
holder 103 that is rotatably disposed in an annular space
102 formed by the outer and inner cylindrical parts 100a
and 101a, and first and second flat cables 104 and 105
that are received in the annular space 102 while being
reversely wound on the way. A pair of stationary cylinders
106 is erected on the holder 103, and a plurality of rollers

107 is rotatably supported by the holder. Each of the sta-
tionary cylinders 106 faces one of a group of the rollers
107 with a predetermined width therebetween in a cir-
cumferential direction. Assuming that a gap formed be-
tween one stationary cylinder 106 and a roller 107 facing
this stationary cylinder is referred to as a first opening
108 and a gap formed between the other stationary cyl-
inder 106 and a roller 107 facing this stationary cylinder
is referred to as a second opening 109, the width of the
first opening 108 in the circumferential direction is set to
be smaller then the width of the second opening 109 in
the circumferential direction.
[0005] Each of the first and second flat cables 104 and
105 is a band-shaped body where a plurality of conduc-
tors is supported on an insulating film made of PET (pol-
yethylene terephthalate). For convenience sake, the first
flat cable 104 is shown by a black color and the second
flat cable 105 is shown by a void. Outer ends of both flat
cables 104 and 105 are connected to a stationary side
joint 110 that is provided at the outer cylindrical part 100a,
and electrically led out to the outside of the stator 100
through the stationary side joint 110. Further, inner ends
of both flat cables 104 and 105 are connected to a mov-
able side joint 111 that is provided at the inner cylindrical
part 101a, and electrically led out to the outside of the
rotor 101 through the movable side joint 111. In this case,
while the first flat cable 104 is provided on an inner side
(on a lower side), the flat cables 104 and 105 are led from
the movable side joint 111 and wound on an outer pe-
ripheral wall of the inner cylindrical part 101a in a coun-
terclockwise direction. Then, the first flat cable 104 is
branched off from the flat cables, passes through the
narrow first opening 108, and is reversed in a U shape
on another roller 107 of the group of the rollers 107 (here-
inafter, referred to as a reversed portion 104a). The sec-
ond flat cable 105 passes through the wide second open-
ing 109, and is reversed in a U shape on another roller
107 of the group of the rollers 107 (hereinafter, referred
to as a reversed portion 105a). In addition, while the sec-
ond flat cable 105 is provided on an outer side, the flat
cables are wound in a clockwise direction along the inner
peripheral wall of the outer cylindrical part 100a and are
then received in the annular space 102 so as to reach
the stationary side joint 110.
[0006] As for the rotary connector having the above-
mentioned schematic structure, if the rotor 101 is rotated
from a neutral position in a counterclockwise direction (a
direction indicated by an arrow A of Fig. 5), the reversed
portions 104a and 105a of the first and second flat cables
104 and 105 are moved in the direction indicated by the
arrow A by a distance smaller than the moving distance
of the rotor 101. The holder 103 is also moved in the
direction, which is indicated by the arrow A, so as to follow
the reversed portions 104a and 105a. As a result, the flat
cables 104 and 105, which correspond to the length about
two times as large as the moving distances of the re-
versed portions, are fed from the outer peripheral wall of
the inner cylindrical part 101a and rewound toward the
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inner peripheral wall of the outer cylindrical part 100a. In
this case, the reversed portion 105a of the second flat
cable 105 having a large winding diameter is moved
slightly faster than the reversed portion 104a of the first
flat cable 104 having a small winding diameter, but the
first opening 108 is set to be narrower than the second
opening 109 as described above. Accordingly, the re-
versed portions 104a and 105a push the stationary cyl-
inders 106 facing the openings 108 and 108, respective-
ly, and the holder 103 receives pushing forces from the
reversed portions 104a and 105a and is rotated in the
annular space 102 in the direction indicated by the arrow
A.
[0007] In contrast, if the rotor 101 is rotated from the
neutral position in a counterclockwise direction (a direc-
tion indicated by an arrow B of Fig. 5), the reversed por-
tions 104a and 105a of the flat cables 104 and 105 are
moved in the direction indicated by the arrow B by a dis-
tance smaller than the moving distance of the rotor 101.
The holder 103 is also moved in the direction, which is
indicated by the arrow B, so as to follow the reversed
portions 104a and 105a. As a result, the flat cables 104
and 105, which correspond to the length about two times
as large as the moving distances of the reversed portions,
are fed from the inner peripheral wall of the outer cylin-
drical part 100a and tightly wound toward the outer pe-
ripheral wall of the inner cylindrical part 101a. Even in
this case, the reversed portion 105a of the second flat
cable 105 having a large winding diameter is moved
slightly faster than the reversed portion 104a of the first
flat cable 104 having a small winding diameter, but the
first opening 108 is set to be narrower than the second
opening 109. Accordingly, the reversed portions 104a
and 105a push the rollers 107 facing the openings 108
and 108, respectively, and the holder 103 receives pulling
forces from the reversed portions 104a and 105a and is
rotated in the annular space 102 in the direction indicated
by the arrow B.
[0008] As for the above-mentioned rotary connector in
the related art, when the rotor 101 is rotated in the direc-
tion indicated by the arrow A and rewinds the flat cables
104 and 105 toward the inner peripheral wall of the outer
cylindrical part 100a, a feeding force in the direction in-
dicated by an arrow F of Fig. 6 is generated at a contact
portion between the first flat cable 104 passing through
the first opening 108 and the roller 107. Among compo-
nents of the feeding force F in directions that are indicated
by arrows Fx and Fy, the component in the direction in-
dicated by the arrow Fx acts as a pushing force for rota-
tionally driving the holder 103, and the component in the
direction indicated by the arrow Fy acts as a loosely wind-
ing force that pushes the reversed portion 104a of the
first flat cable 104 toward the outer cylindrical part 100a.
Although the detailed description is omitted, the second
flat cable 105 passing through the second opening 109
is the same as described above. Further, when the flat
cable is generally rewound, the component in the direc-
tion indicated by the arrow Fx exceeds the component

in the direction indicated by the arrow Fy. Accordingly,
when passing through the first opening 108, the reversed
portion 104a of the first flat cable 104 pushes the station-
ary cylinder 106 in a rotational direction (the direction
indicated by the arrow A). Likewise, when passing
through the second opening 109, the reversed portion
105a of the second flat cable 105 pushes the stationary
cylinder 106 in the rotational direction. Further, the holder
103 receives the pushing forces from the reversed por-
tions 104a and 105a and is smoothly rotated in the di-
rection indicated by the arrow A.
[0009] However, as for the rotary connector in the re-
lated art, when three or more flat cables are reversed at
three or more openings and the rotor is rotated in the
counterclockwise direction, it is difficult to set the width
of each of the openings so that the reversed portions of
the flat cables push the stationary cylinders facing the
openings, respectively. When the rotor is rotated in the
clockwise direction, it is also difficult to set the width of
each of the openings so that the reversed portions of the
flat cables push the rollers facing the openings, respec-
tively. Further, since driving forces applied to the holder
from the reversed portions of the flat cables interfere with
each other depending on some set values of the width
of each of the openings, it is difficult to smoothly tightly
wind / rewind the cable.
[0010] Furthermore, it may be considered that the
width of each of the openings is set so that the holder is
driven only by the reversed portion of the flat cable pass-
ing through the narrow opening. However, considerable
stress is applied to the reversed portion of the flat cable
passing through the narrow opening in this case, so that
the movement of the reversed portion of the flat cable in
the direction indicated by the arrow A is obstructed in the
narrow opening. For this reason, it is not possible to
smoothly drive the holder. Therefore, the reversed por-
tion of the flat cable, which is positioned in the narrow
opening and is not moved in the rotational direction, may
be forcedly inserted into a space communicating with the
opening. As a result, there are problems in that the flat
cable passing through the narrow opening is intricately
bent and buckled or the conductors supported on the
insulating film of the flat cable are broken. In particular,
if environmental temperature rises, these problems occur
with increased frequency.

SUMMARY

[0011] An advantage of some aspects of the invention
is to provide a rotary connector that can smoothly tightly
wind / rewind cables even though three or more flat ca-
bles are used.
[0012] According to an aspect of the invention, a rotary
connector includes a stator that includes an outer cylin-
drical part, a rotor that includes an inner cylindrical part
and is rotatably supported by the stator, three or more
flat cables that are received in an annular space formed
between the outer and inner cylindrical parts while being
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reversely wound on the way, and a holder that is rotatably
disposed in the annular space and includes three or more
openings through which reversed portions of the flat ca-
bles individually pass. Both ends of the flat cables are
connected to the stator and the rotor, respectively. The
width of one opening in a circumferential direction is set
to be smaller than that of each of the other openings in
the circumferential direction. The holder is driven by a
pushing force from the flat cable that passes through the
narrow opening. The bending strength of the driving side
flat cable is set to be higher than that of each of the other
flat cables. At least two or more flat cables including the
driving side flat cable are led from a common cable lead-
out portion of the inner cylindrical part toward the annular
space. The driving side flat cable of the flat cables is
wound on the lowest portion of the outer peripheral sur-
face of the inner cylindrical part.
[0013] One flat cable passing through the narrow
opening has been a driving side flat cable, which applies
a force (a pushing force and a winding force) to the holder
in the rotational direction, in the rotary connector having
the above-mentioned structure. However, the other flat
cables passing through the wide openings are driven side
flat cables that are not involved in the drive of the holder,
and the bending strength of the driving side flat cable is
set to be higher than that of each of the other flat cables.
Accordingly, it is possible to smoothly rotate the holder
by preventing the buckling of the driving side flat cable.
Further, the driving side flat cable is led from the cable
lead-out portion and wound on the lowest portion of the
outer peripheral surface of the inner cylindrical part, and
the driven side flat cables are wound thereon. Accord-
ingly, the curvature of the reversed portion of the driving
side flat cable is increased as compared to the curvature
of the reversed portion of the driven side flat cable, so
that it is possible to reduce the bending stress of the
reversed portion of the driving side flat cable by that
much. For this reason, it is possible to lengthen the life
of the driving side flat cable. That is, since the flat cables
wound on the lowest portion of the outer peripheral sur-
face of the inner cylindrical part is provided between the
reversed portion of the flat cable and the outer peripheral
surface of the inner cylindrical part and between the re-
versed portion of the flat cable and the inner peripheral
surface of the outer cylindrical part, a space between the
reversed portion and the outer peripheral surface of the
inner cylindrical part and a space between the reversed
portion and the inner peripheral surface of the outer cy-
lindrical part are decreased by the thickness of each flat
cable provided therebetween. Therefore, the curvature
of the reversed portion of the flat cable wound on the
upper side of the flat cable wound on the lowest portion
of the outer peripheral surface of the inner cylindrical part
is smaller than the curvature of the reversed portion of
the flat cable wound on the lowest portion of the outer
peripheral surface of the inner cylindrical part. Accord-
ingly, if the flat cable wound on the upper side of the flat
cable wound on the lowest portion of the outer peripheral

surface of the inner cylindrical part is used as a driving
side flat cable, the flat cable has a small curvature as
compared to the curvature of the reversed portion of the
flat cable wound on the lowest portion of the outer pe-
ripheral surface of the inner cylindrical part, which is used
as a driving side flat cable. Therefore, the bending stress
applied to the reversed portion of the driving side flat
cable is increased, so that the disconnection and break-
age of the driving side flat cable easily occur. For this
reason, according to the structure of the invention, it is
possible to smoothly tightly wind / rewind cables even
though three or more flat cables are used, and it is pos-
sible to stably use the cable even under a high-temper-
ature use environment and to lengthen the life of the driv-
ing side flat cable.
[0014] In the above-mentioned structure, all of the
three or more flat cables including the driving side flat
cable may be led from a common cable lead-out portion
of the inner cylindrical part. However, a pair of cable lead-
out portions may be provided at two positions that are
distant from each other in the circumferential direction of
the inner cylindrical part, two or more flat cables including
driving and driven side flat cables may be led from one
cable lead-out portion, and two or more driven side flat
cables may be led from the other cable lead-out portion.
[0015] Further, in the above-mentioned structure, as
means that makes the bending strength of the driving
side flat cable be higher than the bending strength of
each of the other flat cables, only the insulating film of
the driving side flat cable may be made of a material that
hardly occurs buckling as compared to the insulating film
of the driven side flat cable. However, if each of the flat
cables including the driving and driven side flat cables is
formed of a band-shaped body where conductors are
supported on an insulating film made of the same material
and the thickness of the driving side flat cable is set to
be larger than that of each of the other flat cables, it is
possible to preferably make the frictional resistance be-
tween the flat cables be uniform.
[0016] Further, in the above-mentioned structure, if the
width of each of the other openings in the circumferential
direction is set to be 4.5 times or more as large as the
width of the narrow opening in the circumferential direc-
tion, driving forces applied to the holder from the reversed
portions of the flat cables may not interfere with each
other. It is possible to preferably smoothly tightly wind /
rewind the cables.
[0017] In the rotary connector according to the inven-
tion, one flat cable of three or more flat cables to be used,
which passes through the narrow opening set to be nar-
row, is a driving side flat cable that applies a pushing
force to the holder in the rotational direction, and each
of the other flat cables passing through the wide openings
is a driven side flat cable that is not involved in the drive
of the holder. Since the bending strength of the driving
side flat cable is set to be higher than that of each of the
driven side flat cables, it is possible to smoothly drive the
holder by preventing the buckling of the driving side flat
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cable. In addition, the driving side flat cable is led from
the cable lead-out portion, and wound on the lowest por-
tion of the outer peripheral surface of the inner cylindrical
part, and the driven side flat cables are wound thereon.
Since the curvature of the reversed portion of the driving
side flat cable is larger than that of the reversed portions
of the driven side flat cable, it is possible to reduce the
bending stress that is applied to the reversed portion of
the driving side flat cable. For this reason, it is possible
to smoothly tightly wind / rewind the cables even though
three or more cables are used. Further, it is possible to
stably use the cable even under a high-temperature use
environment and to lengthen the life of the driving side
flat cable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a cross-sectional view of a rotary connector
according to an embodiment of the invention.
Fig. 2 is a plan view showing that a cable of the rotary
connector shown in Fig. 1 is tightly wound.
Fig. 3 is a plan view showing that the cable of the
rotary connector shown in Fig. 1 is rewound.
Fig. 4 is a view illustrating a dimensional relationship
between a driving side flat cable and a driven side
flat cable that are included in the rotary connector
shown in Fig. 1.
Fig. 5 is a plan view of a rotary connector in the re-
lated art.
Fig. 6 is a view illustrating problems of the rotary
connector shown in Fig. 5.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0019] An embodiment of the invention will be de-
scribed with reference to drawings. Fig. 1 is a cross-sec-
tional view of a rotary connector according to an embod-
iment of the invention, Fig. 2 is a plan view showing that
a cable of the rotary connector shown in Fig. 1 is tightly
wound, Fig. 3 is a plan view showing that the cable of
the rotary connector shown in Fig. 1 is rewound, and Fig.
4 is a view illustrating a dimensional relationship between
a driving side flat cable and a driven side flat cable that
are included in the rotary connector shown in Fig. 1.
Meanwhile, a top board of a rotor is omitted in Figs. 2
and 3.
[0020] The rotary connector according to this embod-
iment generally includes a stator 1, a rotor 2 that is ro-
tatably connected to the stator 1, one driving side flat
cable 3 and three driven side flat cables 4 that electrically
connect the stator 1 to the rotor 2, and a holder 5 that is
made of a synthetic resin and disposed in the stator 1
and the rotor 2.
[0021] The stator 1 is a stationary member that is pro-
vided on a steering column. The stator 1 includes a bot-
tom plate 6 that is made of a synthetic resin, and an outer

cylindrical body 7 that is an outer cylindrical part. A center
hole 6a is formed at the center of the bottom plate 6, and
the outer cylindrical body 7 is integrally formed at the
outer peripheral edge of the bottom plate 6. Further, a
pair of extension parts 7a and 7b, which protrudes out-
ward, is integrated with the outer peripheral surface of
the outer cylindrical body 7, and stationary side joints
(not shown) are provided in the extension parts 7a and
7b, respectively.
[0022] The rotor 2 is a movable member connected to
a steering wheel. The rotor 2 includes a rotor snap 9 and
a rotor body 8 that are made of a synthetic resin. The
rotor body 8 includes an annular top board 8a that faces
the bottom plate 6, and an inner cylindrical part 8b that
is suspended from the center of the top board 8a. The
inner cylindrical part 8b has an inner diameter as large
as a steering shaft is inserted into the inner cylindrical
part, and a pair of movable side joints (not shown) is
provided in the inner cylindrical part 8b. The rotor snap
9 is integrated with the inner cylindrical part 8b of the
rotor body 8 by snap-fitting. The rotor snap 9 is inserted
into the center hole 6a of the bottom plate 6, so that the
rotor 2 is rotatably connected to the stator 1. Further,
when the stator 1 and the rotor 2 are connected to each
other, an annular space 10 having a ring shape is formed
in plan view by the bottom plate 6 and the outer cylindrical
body 7 of the stator 1 and the top board 8a and the inner
cylindrical part 8b of the rotor body 8.
[0023] The driving side flat cable 3 is a band-shaped
body where conductors are supported on an insulating
film made of PET (polyethylene terephthalate). Likewise,
each of the three driven side flat cables 4 is a band-
shaped body where conductors are supported on an in-
sulating film made of PET. The flat cables 3 and 4 are
received in the annular space 10 in the reverse direction
by U-shaped reversed portions 3a and 4a. Meanwhile,
the thickness t1 of the driving side flat cable 3 is set to
be sufficiently larger than that of the thickness t2 of the
driven side flat cable 4 (t1=0.22 mm and t2=0.11 mm in
this embodiment). A flat cable having a thickness, which
is about twice as large as that of the driven side flat cable
4, is used as the driving side flat cable 3 as described
above, so that the bending strength (limit of elasticity) of
the driving side flat cable 3 is set to be sufficiently larger
than the bending strength of the driven side flat cable 4.
[0024] As apparent from Fig. 2, the outer ends of the
driving side flat cable 3 and one driven side flat cable 4
are connected to one stationary side joint in the extension
part 7a, and the outer ends of the other two driven side
flat cables 4 are connected to the other stationary side
joint in the extension part 7b. The outer ends of the flat
cables 3 and 4 are electrically led out to the outside of
the stator 1.
[0025] As apparent from Fig. 3, the inner ends of the
driving side flat cable 3 and one driven side flat cable 4
are connected to one movable side joint in the inner cy-
lindrical part 8b through a first cable lead-out portion P1,
and the inner ends of the other two driven side flat cables
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4 are connected to the other movable side joint in the
inner cylindrical part 8b through a second cable lead-out
portion P2. The inner ends of the flat cables 3 and 4 are
electrically led out to the outside of the rotor 2. In this
case, the first and second cable lead-out portions P1 and
P2 are provided at opposite positions with an angle of
about 180° therebetween in a circumferential direction
of the inner cylindrical part 8b. The driving side flat cable
3 and one driven side flat cable 4 are led out from the
first cable lead-out portion P1 toward the annular space
10, and the other two driven side flat cables 4 are led
from the second cable lead-out portion P2 toward the
annular space 10. Further, as for a range corresponding
to the substantially half of the periphery that reaches the
second cable lead-out portion P2 from the first cable lead-
out portion P1 serving as an upstream side, the driving
side flat cable 3 is wound on the lowest portion of the
outer peripheral surface of the inner cylindrical part 8b,
and the driven side flat cables 4 are wound thereon..
[0026] The holder 5 includes an annular flat part 5a
that is placed on the bottom plate 6 of the stator 1, and
a plurality of guide walls 5b and support shafts 5c that
are erected on the annular flat part 5a. Rollers 11 are
rotatably supported by the support shafts 5c, respective-
ly. One of a group of the rollers 11 faces the guide wall
5b with a first opening 12 therebetween, and the reversed
portion 3a of the driving side flat cable 3 is positioned in
the first opening 12. Further, each of three of the group
of the rollers 11 faces the guide wall 5b with a second
opening 13 therebetween, and the reversed portions 4a
of the three driven side flat cables 4 are individually po-
sitioned in the second openings 13. In this case, assum-
ing that the width of the first opening 12 in the circumfer-
ential direction is represented by w1 and the width of the
second opening 13 in the circumferential direction is rep-
resented by w2, w1 is set to a value that is sufficiently
smaller than a value of w2 (w1=2 mm and w2=11 mm in
this embodiment). Since the width w1 of one first opening
12 is set to a value that is smaller than the value of the
width w2 of each of the other three second openings 13
as described above, only the reversed portion 3a of the
driving side flat cable 3 pulls the roller 11 in a rotational
direction when the rotor 2 is rotated in a clockwise direc-
tion, and only the reversed portion 3a of the driving side
flat cable 3 pushes the guide wall 5b in a rotational di-
rection when the rotor 2 is rotated in a counterclockwise
direction.
[0027] The width w2 of the second opening 13 has
been set to a value that is 5.5 times as large as the value
of the width w1 of the first opening 12 in this embodiment,
but may be appropriately set depending on the thickness
of each of the driving and driven side flat cables 3 and
4, the number of revolutions of the steering wheel (rotor
2), or the like. It is preferable for all practical purposes
that the width of the second opening be set to a value
4.5 or more times as large as the value of the width of
the first opening. Meanwhile, if the width w2 is set to a
value less than 4.5 times as large as the value of the

width w1, the reversed portion 3a of the driving side flat
cable 3 passing through the first opening 12 pushes the
guide wall 5b and drives the holder 5 when the rotor 2 is
rotated in the counterclockwise direction. However, since
a part of the reversed portions 4a of the driven side flat
cables 4 are in contact with the rollers 11 facing the sec-
ond openings 13 and the reversed portion 3a of the driv-
ing side flat cable 3 is moved in a direction opposite to a
direction where the holder 5 is driven, the holder 5 is not
smoothly rotated. Further, when the rotor 2 is rotated in
the clockwise direction, the reversed portion 3a of the
driving side flat cable 3 passing through the first opening
12 pulls the roller 11 and drives the holder 5. However,
since a part of the reversed portions 4a of the driven side
flat cables 4 are in contact with the guide walls 5b and
the reversed portion 3a of the driving side flat cable 3 is
moved in a direction opposite to a direction where the
holder 5 is driven, the holder 5 is not smoothly rotated.
[0028] While the stator 1 is provided on the steering
column and the rotor 2 is connected to the steering wheel,
the rotary connector having the above-mentioned struc-
ture is assembled into the steering device of an automo-
bile and used as electrical connection means of an airbag
inflator or a horn circuit that is mounted in the steering
wheel. If a driver rotates the steering wheel in a clockwise
or counterclockwise direction when using the rotary con-
nector, the torque is transmitted to the rotor 2 so that the
rotor 2 is rotated in the clockwise or counterclockwise
direction.
[0029] For example, if the rotor 2 is rotated from the
neutral position of the steering wheel in the clockwise
direction (a direction indicated by an arrow B of Fig. 2),
the reversed portions 3a and 4a of all of the driving and
driven side flat cables 3 and 4 are moved in the direction
indicated by the arrow B by a distance smaller than the
moving distance of the rotor 2. The holder 5 is also moved
in the direction, which is indicated by the arrow B, so as
to follow the reversed portions 3a and 4a. In this case,
while being looped to the roller 11, the reversed portion
3a of the riving side flat cable 3, which passes through
the narrow first opening 12, is wound on the outer pe-
ripheral wall of the inner cylindrical part 8b. However,
since each of the reversed portions 4a of the three riving
side flat cables 4, which passes through the wide second
opening 13, is not bumped against the roller 11, the hold-
er 5 receives a winding force from only the reversed por-
tion 3a of the driving side flat cable 3 and is rotated in
the annular space 10 in the direction indicated by the
arrow B. As a result, the flat cables 3 and 4, which cor-
respond to the length about two times as large as the
moving distances of the reversed portions 3a and 4a, are
fed from the inner peripheral wall of the outer cylindrical
body 7 and tightly wound on the outer peripheral wall of
the inner cylindrical part 8b.
[0030] In contrast, if the rotor 2 is rotated from the neu-
tral position of the steering wheel in the counterclockwise
direction (a direction indicated by an arrow A of Fig. 3),
the reversed portions 3a and 4a of the flat cables 3 and
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4 are moved in the direction indicated by the arrow A by
a distance smaller than the moving distance of the rotor
2. The holder 5 is also moved in the direction, which is
indicated by the arrow A, so as to follow the reversed
portions 3a and 4a. In this case, the reversed portion 3a
of the riving side flat cable 3, which passes through the
narrow first opening 12, is bumped against the guide wall
5b. However, since each of the reversed portions 4a of
the three riving side flat cables 4, which passes through
the wide second opening 13, is not bumped against the
guide wall 5b, the holder 5 receives a pushing force from
only the reversed portion 3a of the driving side flat cable
3 and is rotated in the annular space 10 in the direction
indicated by the arrow A. As a result, the flat cables 3
and 4, which correspond to the length about two times
as large as the moving distances of the reversed portions
3a and 4a, are fed from the outer peripheral wall of the
inner cylindrical part 8b and rewound toward the inner
peripheral wall of the outer cylindrical body 7.
[0031] In the rotary connector according to this em-
bodiment, one flat cable of four flat cables to be used,
which passes through the first opening 12 set to be nar-
row, is the driving side flat cable 3 that is bumped against
the guide wall 5b and applies a pushing force to the holder
5 in the rotational direction. However, the other three flat
cables, which pass through the second openings 13 set
to be wide, are the driven side flat cables 4 that are not
bumped against the guide walls 5b. A flat cable having
a thickness about two times as the thickness of the driven
side flat cable 4, that is, a flat cable having bending
strength (limit of elasticity) higher than the bending
strength of the driven side flat cable 4 is used as the
driving side flat cable 3. Accordingly, even though fric-
tional resistance between the driving side flat cable 3 and
the roller 11 is significantly increased and a loosely wind-
ing force, which pushes the reversed portion 3a in the
first opening 12 toward the outer cylindrical body 7, ex-
ceeds a pushing force in a moving direction of the re-
versed portion 3a when the rotor 2 is rotated in the direc-
tion indicated by the arrow A and rewinds each of the flat
cables 3 and 4 toward the inner peripheral wall of the
outer cylindrical body 7, it is possible to smoothly rotate
the holder 5 in the rotational direction by preventing the
buckling of the driving side flat cable 3. In this case, the
reversed portions 4a of the driven side flat cables 4 are
reliably rewound on the inner peripheral wall of the outer
cylindrical body 7 through the second openings 13 by the
rotation of the holder 5. In addition, among the driving
side flat cable 3 and one driven side flat cable 4 that are
led from the first cable lead-out portion P1 of the inner
cylindrical part 8b, the driving side flat cable 3 is wound
on the lowest portion of the outer peripheral surface of
the inner cylindrical part 8b and the driven side flat cables
4 are wound thereon. Accordingly, the curvature of the
reversed portion 3a of the driving side flat cable 3 is in-
creased as compared to the curvature of the reversed
portion 4a of the driven side flat cable 4, so that it is
possible to reduce the bending stress of the reversed

portion 3a of the driving side flat cable 3 by that much.
For this reason, it is possible to smoothly tightly wind /
rewind the cables even though the four driving and driven
side flat cables 3 and 4 are used in total. Further, it is
possible to stably use the cable even under a high-tem-
perature use environment and to lengthen the life of the
driving side flat cable 3.
[0032] Meanwhile, one driving side flat cable and three
driven side flat cables have been used in the above-men-
tioned embodiment. However, as long as the number of
the driven side flat cables is two or more, the number of
the driven side flat cables is not necessarily limited to
three. The invention may be applied to a rotary connector
that uses one driving side flat cable and two driven side
flat cables.
[0033] Further, among four flat cables to be used, the
driving side flat cable 3 and one driven side flat cable 4
have been led from the first cable lead-out portion P1 of
the inner cylindrical part 8b, and the other two driven side
flat cables 4 have been led from the second cable lead-
out portion P2 of the inner cylindrical part 8b in the above-
mentioned embodiment. However, all of the three or
more flat cables to be used may be led from a common
cable lead-out portion of the inner cylindrical part 8b.
Even in this case, among the three or more flat cables
led from the common cable lead-out portion, the driving
side flat cable 3 may be wound on the lowest portion of
the outer peripheral surface of the inner cylindrical part
8b, and the driven side flat cables 4 may be wound ther-
eon.
[0034] It should be understood by those skilled in the
art that various modifications, combinations, sub-combi-
nations and alterations may occur depending on design
requirements and other factors insofar as they are within
the scope of the appended claims of the equivalents
thereof.

Claims

1. A rotary connector comprising:

a stator (1) that includes an outer cylindrical part;
a rotor (2) that includes an inner cylindrical part
(8b) and is rotatably supported by the stator (1);
three or more flat cables (3, 4) that are received
in an annular space (10) formed between the
outer and inner cylindrical parts while being re-
versely wound on the way, both ends of the flat
cables being connected to the stator (1) and the
rotor (2), respectively; and
a holder (5) that is rotatably disposed in the an-
nular space (10) and includes three or more
openings (12, 13) through which reversed por-
tions (3a, 4a) of the flat cables (3, 4) individually
pass,

characterized in that the width of one opening in a
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circumferential direction is set to be smaller than that
of each of the other openings in the circumferential
direction,
the holder (5) is driven by a force from the flat cable
that passes through the narrow opening,
the bending strength of the driving side flat cable (3)
is set to be higher than that of each of the other flat
cables,
at least two or more flat cables including the driving
side flat cable (3) are led from a common cable lead-
out portion of the inner cylindrical part (8b) toward
the annular space (10), and
the driving side flat cable (3) of the flat cables (3, 4)
is wound on the lowest portion of the outer peripheral
surface of the inner cylindrical part (8b).

2. The rotary connector according to claim 1,
characterized in that another cable lead-out por-
tion is provided at a position that is distant from the
cable lead-out portion of the inner cylindrical part (8b)
in the circumferential direction, and
at least two or more flat cables including the driving
side flat cable (3) are led from the cable lead-out
portion toward the annular space (10).

3. The rotary connector according to claim 1 or 2,
characterized in that each of the flat cables is
formed of a band-shaped body where conductors
are supported on an insulating film made of the same
material, and
the thickness of the driving side flat cable (3) is set
to be larger than that of each of the other flat cables.

4. The rotary connector according to any of claims 1 to
3,
characterized in that the width of each of the other
openings in the circumferential direction is set to be
4.5 times or more as large as the width of the narrow
opening in the circumferential direction.
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