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DOOR OPERATING APPARATUS, 
ELECTROMAGNETIC CLUTCH, AND COUPLING 

MECHANISM 

BACKGROUND OF THE INVENTION 

0001) 1) Field of the Invention 
0002 The present invention relates to a door operating 
apparatus that opens and closes a door of a vehicle, and more 
particularly to a door operating apparatus including a detec 
tor that detects a rotation by a driving source. The present 
invention further relates to an electromagnetic clutch that 
controls a transmission of a driving power, and a coupling 
mechanism for coupling a movable portion. 
0003), 2) Description of the Related Art 
0004. A door operating apparatus that opens and closes a 
door of a vehicle generally include a clutch unit that is 
constituted in an output shaft between a driving motor and 
a door operating mechanism, in which a door is moved for 
opening or closing by applying a driving force to the door 
operating mechanism when the driving motor is driven 
during ON state of the clutch unit, while the door is 
manually moved for operating when the clutch unit is turned 
OFF. The clutch unit is of an electromagnetic type consti 
tuted to be turned ON when current is supplied to a coil 
which is an electromagnetic coil body serving as a clutch 
driving section, and is constituted to mutually join an 
armature linked to a driving shaft of the driving motor and 
a rotor linked to the door operating mechanism by an 
electromagnetic attracting force to transmit a driving force 
of the driving motor to the door operating mechanism (see, 
for example, Japanese Patent Application Laid-Open No. 
2003-74255). 
0005 There is an operating apparatus that opens and 
closes a slide door provided on a side of a vehicle main body. 
The operating apparatus is linked to a driving section, where 
a driving force of a motor is transmitted to a rotational shaft 
via a clutch mechanism. The slide door is moved in a sliding 
manner according to rotation of the rotational shaft. The 
operating apparatus rotatably Supports the rotational shaft to 
a case. An output gear and a rotor rotated integrally are 
supported to the rotational shaft in the case. A movable plate 
that is rotatable relative to the rotational shaft and is engage 
able with and disengageable from the rotor is Supported in 
the case. An armature is fixed to the movable plate. In the 
case, an electromagnetic coil body is arranged to face the 
armature via the rotor to form a magnetic closed loop in 
cooperation with the armature and the rotor and attract the 
armature toward the rotor, thereby causing the movable plate 
to be engaged with the rotor. In the case, a driving device has 
a rotary sensor that detects rotation of the rotor provided 
with an annular magnetic member fixedly arranged on an 
outer peripheral edge of the rotor outside the closed loop and 
Hall elements facing an outer peripheral face of the mag 
netic body (see, for example, Japanese Patent Application 
Laid-Open No. 2000-179233). 
0006. As a driving mechanism that opens and closes a 
slide door provided on a side of a vehicle main body, there 
is one provided with a reduction gear structure. The reduc 
tion gear structure has a worm gear and a worm wheel gear 
meshing with the worm gear. The worm gear is fixed to an 
output shaft of a motor. The worm wheel gear is rotatably 
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Supported relative to a rotational shaft via a spacer. A 
disc-like armature made of a magnetic material together 
with the worm wheel gear is rotatably supported relative to 
the rotational shaft via the spacer. The armature is Supported 
so as to be movable in an axial direction of the rotational 
shaft. A disc-like rotor made of a magnetic material is fixed 
to the rotational shaft. An annular electromagnetic coil 
member is arranged about the rotational shaft. When current 
is Supplied to the electromagnetic coil member, electromag 
netic force attracting the armature toward the rotor is gen 
erated. Thus, the armature and the rotor are frictionally 
engaged with each other. As a result, rotation of the worm 
gear driven by the motor is transmitted to the rotational shaft 
via the armature and the rotor rotated together with the worm 
wheel gear. Thus, the reduction gear structure constitutes the 
so-called electromagnetic clutch (see, for example, Japanese 
Patent Application Laid-Open No. 2003-74256). 
0007. In the conventional electromagnetic clutch, assum 
ing that an axial direction of the rotational shaft is vertical, 
the electromagnetic coil member is disposed in a lower 
region of the rotor, the armature is disposed on an upper face 
of the rotor, and the worm wheel gear is disposed above the 
armature. The rotor and the armature have substantially the 
same outer diameter. The worm wheel gear has an outer 
diameter smaller than that of the armature. A grease is filled 
in a space where the worm wheel gear and the worm gear 
mesh with each other. As described above, in the conven 
tional electromagnetic clutch, however, since the worm 
wheel gear has an outer diameter smaller than that of the 
armature, the grease enters between the armature and the 
rotor via the armature. Thus, sliding occurs in frictional 
engagement between the armature and the rotor, which 
hinders transmission of rotation of the worm gear driven by 
the motor to the rotational shaft. In the conventional elec 
tromagnetic clutch, therefore, a disc-like sealing member 
with a diameter larger than an outer diameter of the armature 
is interposed between the worm wheel gear and the armature 
So as to prevent grease from entering in between the arma 
ture and the rotor. 

0008. There are operating apparatuses that automatically 
open and close an operating member provided on a rear part 
of a vehicle. The operating member is a back door of a 
so-called flip-up type hinge-coupled at an upper and rear 
portion of the vehicle main body. The operating apparatus 
constitutes an actuator that opens and closes the back door. 
The actuator includes a driving unit fixedly provided at a 
rear pillar of the vehicle main body, an arm rotated integrally 
with an output shaft of the driving unit, and an elongated rod 
coupling a distal end of the arm and the back door. A ball 
joint is employed at a portion connecting the arm and the rod 
as a coupling mechanism. The ball joint has a ball fixed to 
the arm and a receiving portion provided on the rod. A 
clearance between the ball and the receiving portion fitted to 
each other is filled with highly-viscous grease. The highly 
Viscous grease prevents Swinging of the back door when the 
back door Suddenly moves due to displacement of load 
acting at a time of opening or closing the back door. A buffer 
member is interposed so as not to generate noise due to 
interference of the arm and the rod when the rod is rotated 
about an axial line extending in a longitudinal direction 
thereof. The buffer member is provided so as to cover a 
washer provided on the side of the ball for fixing the ball to 
the arm (see, for example, Japanese Patent Application 
Laid-Open No. 2004-44368). 
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0009. In the operating apparatus provided with the clutch 
unit in the above manner (see, for example, Japanese Patent 
Application Laid-Open No. 2003-74255), a stable operation 
in the door operating mechanism depends on whether a 
clutch driving section that Supports rotation of the output 
shaft can be firmly held. That is, in order to securely join the 
armature and the rotor to transmit a rotational force between 
the both and actuate the operating mechanism, it is necessary 
to hold the output shaft serving as the rotational shaft for the 
armature and the rotor along a predetermined axial center 
securely and it is necessary to firmly hold the clutch driving 
section serving as a bearing member for the output shaft to 
the utmost extent. In the conventional technique, therefore, 
a clutch housing covering one end face and an outer periph 
eral face of the clutch driving section is provided to a motor 
bracket covering the output shaft of the driving motor, and 
the clutch driving section is fixed to one end face of the 
clutch housing. According to the door operating apparatus 
thus constituted, since a structure with high strength can be 
constituted of the motor bracket and the clutch housing, the 
clutch driving section can be held firmly, and the door 
operating mechanism can be actuated Stably. However, the 
door operating apparatus provided with the clutch housing 
together with the motor bracket is considerably disadvanta 
geous regarding its weight, thereby limiting a mounting 
position therefor. 

0010. In the conventional door operating apparatus (see, 
for example, Japanese Patent Application Laid-Open No. 
2000-179233), since a magnetic member is fixedly arranged 
on an outer peripheral edge of the rotor, the magnetic 
member is disposed at the outermost peripheral position of 
the driving section so as to form a large annular shape. The 
rotary sensor detects rotation of the rotor by the Hall 
elements facing an outer peripheral face of the magnetic 
member. In the conventional door operating apparatus, 
therefore, a distance between the magnetic member and the 
Hall elements easily fluctuates in the axial direction or a 
diametrically longitudinal direction of the rotational shaft 
during rotation of the rotor, which decreases accuracy for 
detecting rotation of the rotor. In the conventional door 
operating apparatus, the magnetic member is fixedly 
arranged on the outer peripheral edge of the rotor outside the 
closed loop, but the closed loop is formed of the armature 
and the rotor by the electromagnetic coil member. That is, as 
long as the magnetic member is provided on the rotor, the 
magnetic member is positioned so as to be substantially 
influenced by the closed loop. Accordingly, in the conven 
tional door operating apparatus, magnetic flux from the 
magnetic member is changed by magnetic closed loop, 
which deceases accuracy for detecting rotation of the rotor. 
Furthermore, in the conventional door operating apparatus, 
a main constitution for the driving section is provided in the 
case to form a driving unit integrated with the motor and the 
case is fixed to the body of the vehicle via a bracket. That is, 
the case is constituted as a metal member having rigidity 
necessarily. In the conventional driving device, the magnetic 
member is fixedly disposed on the outer peripheral edge of 
the rotor and the Hall elements opposed to the outer periph 
eral face of the magnetic member are provided inside the 
case, as described above. In the conventional door operating 
apparatus, therefore, the metal case is made large in a 
diametrically outward direction of the rotational shaft, 
which increases the weight of the entire apparatus. 
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0011. In the conventional electromagnetic clutch (see, for 
example, Japanese Patent Application Laid-Open No. 2003 
74255), since the sealing member only covers an upper face 
of the armature, when grease reaches below the sealing 
member, grease cannot be sufficiently prevented from enter 
ing in between the armature and the rotor. Since the sealing 
member is provided as a separate member from the worm 
wheel gear or the armature, it is difficult to assemble the 
electromagnetic clutch. In the conventional electromagnetic 
clutch, since a constitution for preventing grease from 
entering in between the worm wheel gear and the rotational 
shaft is not provided, grease enters between the armature and 
the rotor from a clearance between the worm wheel gear and 
the rotational shaft via the rotational shaft. 

0012. In the conventional coupling mechanism (see, for 
example, Japanese Patent Application Laid-Open No. 2004 
44368), the buffer member interposed between the arm and 
the rod serves only when the rod is rotated about the axial 
line and the edge of the receiving portion is forced to come 
in contact with the washer for the ball. That is, the buffer 
member does not always serve in a direction in which the 
arm and the rod are prevented from contacting with each 
other. Accordingly, since a play in fitting between the ball 
and the receiving portion is received by only highly-viscous 
grease, the play in fitting is Substantially present. That is, the 
Sudden movement of the back door to Swing due to dis 
placement of load acting at a time of opening or closing the 
back door can be reduced owing to highly-viscous grease, 
but it is not yet solved. 

SUMMARY OF THE INVENTION 

0013. It is an object of the present invention to solve at 
least the above problems in the conventional technology. 
0014) A door operating apparatus according to one aspect 
of the present invention, which opens and closes a door of 
a vehicle by transmitting a driving force of a driving motor 
to a door operating mechanism, includes a motor bracket 
that covers a driving shaft of the driving motor, and holds the 
driving motor to a Supporting bracket; an output shaft that is 
disposed from the motor bracket toward the Supporting 
bracket so as to be orthogonal to an extending direction of 
the driving shaft; a first rotational element that is linked with 
the driving shaft of the driving motor, and disposed on the 
output shaft; a second rotational element that is linked with 
the door operating mechanism, and disposed between the 
first rotational element and the Supporting bracket on the 
output shaft; and a clutch unit including a clutch driving 
section that supports a rotation of the output shaft held by the 
supporting bracket. When the first rotational element and the 
second rotational element are engaged by driving of the 
clutch driving section, the door operating mechanism is 
actuated by the driving force of the driving motor. 
0015. A door operating apparatus according to another 
aspect of the present invention includes an electromagnetic 
clutch that is disposed around a rotational shaft, and trans 
mits a driving force of a driving motor to the rotational shaft; 
a magnetic member in a disk shape the is disposed on an end 
portion of the rotational shaft, and rotated with a rotation of 
the rotational shaft; and a Hall element that is disposed in 
opposite to a disc Surface of the magnetic member in a 
predetermined distance. 
0016. An electromagnetic clutch according to still 
another aspect of the present invention includes a transmis 
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sion gear that is provided rotatably relative to a clutch shaft; 
a magnetic member that is rotatable relative to the clutch 
shaft, and engaged with the transmission gear; a rotational 
portion that is fixed to the clutch shaft; a coil unit that is 
disposed around the clutch shaft, and when the coil unit is 
excited, attracts the magnetic member to frictionally engage 
the magnetic member with the rotational portion; and a 
cover member that is formed integrally with the transmis 
sion gear, includes the magnetic member, and covers an 
outside portion of the rotational portion. 
0017. A coupling mechanism according to still another 
aspect of the present invention includes a first member 
including a head portion in a spherical shape; a second 
member including a recessed portion that fits with the head 
portion; and a spacer that is provided between the first 
member and the second member, and generates an elastic 
force such that the first member and the second member are 
separated from each other. 
0018. The other objects, features, and advantages of the 
present invention are specifically set forth in or will become 
apparent from the following detailed description of the 
invention when read in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.019 FIG. 1 depicts a door operating apparatus accord 
ing to a first embodiment of the present invention, viewed 
from an interior side of a vehicle: 
0020 FIG. 2 depicts the door operating apparatus, seen in 
a direction of arrow II shown in FIG. 1; 
0021 FIG.3 depicts the door operating apparatus, seen in 
a direction of arrow III shown in FIG. 2; 

0022 FIG. 4 is a cross-section of the door operating 
apparatus, taken along line IV-IV in FIG. 3; 

0023 FIG. 5 is an enlarged cross-section of relevant parts 
of the door operating apparatus shown in FIG. 4; 

0024 FIG. 6 is a cross-section of the door operating 
apparatus, taken along line VI-VI in FIG. 1; 

0.025 FIG. 7 is a cross-section of the door operating 
apparatus, taken along line VII-VII in FIG. 1; 
0026 FIG. 8 is a cross-section of the door operating 
apparatus, taken along line VIII-VIII in FIG. 3; 
0027 FIG. 9 is a cross-section of the door operating 
apparatus, taken along line IX-IX in FIG. 1; 
0028 FIG. 10 is a conceptual view of a vehicle applied 
with the door operating apparatus shown in FIG. 1; 
0029 FIG. 11 is a conceptual view of a door operating 
apparatus according to a second embodiment of the present 
invention; 

0030 FIG. 12 is a front view of the door operating 
apparatus; 

0031 FIG. 13 is a rear view of the door operating 
apparatus; 

0032 FIG. 14 is a side view of the door operating 
apparatus; 

Dec. 27, 2007 

0033 FIG. 15 is a cross-section of the door operating 
apparatus; 

0034 FIG. 16 is an enlarged cross-section of a rotary 
Sensor, 

0035 FIG. 17 is a cross-section of an electromagnetic 
clutch according to the present invention; 

0036 FIG. 18 is an exploded view of the electromagnetic 
clutch according to the present invention; 

0037 FIG. 19 is a cross-section of a coupling mechanism 
according to the present invention; and 

0038 FIG. 20 is an exploded view of the coupling 
mechanism according to the present invention. 

DETAILED DESCRIPTION 

0039 Exemplary embodiments of a door operating appa 
ratus, an electromagnetic clutch, and a coupling mechanism 
according to the present invention are explained in detail 
below with reference to the accompanying drawings. 
0040 FIGS. 1 to 9 depict a door operating apparatus 
according to an embodiment of the present invention. The 
door operating apparatus explained in the present embodi 
ments moves a back door BD in an operating manner via an 
upper hinge provided on a rear end opening portion of a 
vehicle main body B for a vehicle such as a four-wheeled 
automobile, as shown in FIG. 10, and is provided with a 
supporting bracket 101 and a driving motor 110. 

0041 As shown in FIGS. 1 to 9, the supporting bracket 
101 is a plate-like member constituting a base for the door 
operating apparatus, and is made from a member with 
Sufficient rigidity Such as a steel plate. The Supporting 
bracket 101 is provided with an arm shaft 120 and an idle 
shaft 121 such that both the shafts are parallel to each other 
in an accommodating space 103 defined between the Sup 
porting bracket 101 and a cover plate 102. 

0042. The arm shaft 120 is disposed at one end portion of 
the supporting bracket 101 so as to be rotatable to the 
supporting bracket 101 and the cover plate 102, and is 
provided with a sector gear 122 and an arm member 123. 
The sector gear 122 is formed in a fan shape to have teeth 
on its arc face, and is mounted in the accommodating space 
103 so as to be rotated integrally with the arm shaft 120. The 
arm member 123 is mounted on an end portion of the arm 
shaft 120 projecting from the cover plate 102, and is swung 
about the arm shaft 120 when the arm shaft 120 is rotated. 
A connection rod CR linked with the back door BD is 
Swingably supported to a distal end portion of the arm 
member 123. 

0043. The idle shaft 121 is mounted on an intermediate 
portion of the supporting bracket 101, and is provided with 
a first idle gear 124 and a second idle gear 125. The first idle 
gear 124 is a spur gear with a relatively small diameter, and 
meshes with the sector gear 122. The second idle gear 125 
is a spur gear with a diameter larger than that of the first idle 
gear 124, and is formed integrally with the first idle gear 124 
such that center axes of the second idle gear 125 and the first 
idle gear 124 are coincident with each other. The first idle 
gear 124 and the second idle gear 125 are disposed to be 
rotatable to the idle shaft 121. 
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0044) The driving motor 110 is an electric motor whose 
driving shaft 111 is provided with a worm gear 112, and is 
mounted on the other end portion of the Supporting bracket 
101 via a motor bracket 130 and a cover member 140. 

0045. The motor bracket 130 has a shaft accommodating 
portion 131, a gear accommodating portion 132, a bolt 
insertion portion 1337 and column-shaped members 134, 
and is formed integrally by die-cast forming using metal 
with relatively high rigidity, such as aluminum. The shaft 
accommodating portion 131 covers the driving shaft 111 of 
the driving motor 110 projecting from the motor housing 113 
and the worm gear 112, and is attached to the motor housing 
113 for the driving motor 110. The gear accommodating 
portion 132 accommodates a worm wheel 150, described 
later, and is formed in a cylindrical shape with a bottom on 
a side of the shaft accommodating portion 131. The bolt 
insertion portion 133 is a cylindrical portion provided on an 
outer peripheral portion of the gear accommodating portion 
132, and is formed to have the same height as that of the gear 
accommodating portion 132. The bolt insertion portion 133 
is formed at its central portion with a bolt insertion hole 
133a. The column-shaped members 134 are provided to 
extend from a portion defining an outer peripheral region of 
the gear accommodating portion 132 in a direction orthogo 
nal to the driving shaft 111 of the driving motor 110, and 
their distal end faces project from an end face of the gear 
accommodating portion 132 by the same height. Each of the 
column-shaped members 134 is formed at an axial center 
portion thereof with a bolt mounting hole 134a. 

0046) The cover member 140 has a cylindrical portion 
141 and a bolt through portion 142, and is integrally formed 
of hard synthetic resin, such as PBT resin (polybutylene 
terephthalate). The cylindrical portion 141 has a central hole 
141a corresponding to an inner space of the gear accom 
modating portion 132 of the motor bracket 130 and has a 
flange 141b at one end thereof facing outward with respect 
to the outer peripheral portion. The bolt through portion 142 
has a cylindrical shape provided on an outer peripheral 
portion of the cylindrical portion 141, and is provided at a 
portion corresponding to the bolt insertion portion 133 of the 
motor bracket 130. The bolt through portion 142 is provided 
at a central portion thereof with a bolt through portion 142a. 

0047 The driving motor 110 is mounted on the support 
ing bracket 101 such that the axial center of the driving shaft 
111 is positioned along an extending direction of the Sup 
porting bracket 101 and the motor housing 113 is disposed 
within a projection area of an outer Surface of the Supporting 
bracket 101 by inserting fastening bolts FB from the bolt 
insertion holes 133a formed in the bolt insertion portions 
133 of the motor bracket 130 to the bolt through-holes 142a 
formed in the bolt through portions 142 of the cover member 
140 in such a state that the cover member 140 is interposed 
between the motor bracket 130 and the supporting bracket 
101, further by inserting the fastening bolts FB into the bolt 
mounting holes 134a formed in the column-shaped member 
134 of the motor bracket 130, and by fastening the fastening 
bolts FB. 

0.048. On the other hand, in the door operating apparatus, 
an output shaft 151 is provided at a portion covered with the 
gear accommodating portion 132 of the motor bracket 130 
and the cylindrical portion 141 of the cover member 140, 
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while a stator 152 is provided at a portion surrounding the 
output shaft 151 on the outer surface of the supporting 
bracket 101. 

0049. The output shaft 151 is disposed from the motor 
bracket 130 toward the supporting bracket 101 so as to be 
orthogonal to an extending direction of the driving shaft 111 
and be parallel with the arm shaft 120 and the idle shaft 121, 
and one end portion thereof is rotatably Supported to a 
bottom wall of the gear accommodating portion 132 of the 
motor bracket 130, while the other end thereof is rotatably 
supported to the supporting bracket 101. 

0050. The output shaft 151 is provided with a worm 
wheel 150, a rotor 153, and a drive pinion 154. The worm 
wheel 150 is rotatably fitted on the output shaft 151 and 
meshes with the worm gear 112 provided on the driving 
shaft 111 of the driving motor 110 in the gear accommodat 
ing portion 132 of the motor bracket 130. The worm wheel 
150 is provided with an armature 155 at an end face thereof 
facing the supporting bracket 101. The armature 155 is a 
disc-shaped member made of a magnetic material. The 
armature 155 is rotatably fitted on the output shaft 151, 
while it meshes with a projection protruded from the worm 
gear 112 to be rotatable with respect to the output shaft 151 
together with the worm gear 112. The rotor 153 has a 
cylindrical shaft portion 153a provided at one end outer 
periphery thereof with a flange-like disc portion 153b, and 
is integrally made of magnetic material. The disc portion 
153b of the rotor 153 has a disc shape having an outer 
diameter approximately equal to that of the armature 155, 
and the rotor 153 is fixed to an intermediate portion of the 
output shaft 151 via a central hole of the shaft portion 153a 
in a state that the disc portion 153b approaches to the 
armature 155. A cylindrical overlapping portion 153c is 
provided on an outer peripheral edge portion of the disc 
portion 153b along an extending direction of the shaft 
portion 153a in a projecting manner. The drive pinion 154 is 
fixed to a portion of the output shaft 151 projecting from the 
supporting bracket 101, and meshes with the second idle 
gear 125 in the accommodating space 103. 

0051) One end portion of the output shaft 151 is provided 
with a rotary sensor 160. The rotary sensor 160 includes a 
sensor gear 161, a magnet disc plate 162, and Hall elements 
163, and is covered with a resin sensor case 164 mounted on 
the motor bracket 130. The sensor gear 161 is made of 
synthetic resin and is provided at an end portion of the 
output shaft 151 such that axial centers of the former and the 
latter coincide with each other. The magnet disc plate 162 is 
rotationally driven according to rotation of the sensor gear 
161, and is provided at an outer peripheral edge portion of 
one end portion thereof with a magnetic strip 162a. The 
magnetic strip 162a is an annular permanent magnet where 
N and S poles are alternatively and sequentially arranged 
along a circumferential direction. The Hall elements 163 are 
arranged at a portion facing the magnetic strip 162a of the 
magnet disc plate 162, and are used for detecting Such a 
rotating state as a rotational direction or the number of 
rotations of the output shaft 151 via the magnet disc plate 
162 based on change of magnetic pole. 

0052 The stator 152 has an inner cylindrical portion 
152b on an inner peripheral portion of a bottom plate 152a 
formed in an annular shape and an outer cylindrical portion 
152c on an outer peripheral portion of the bottom plate 152a, 
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and accommodates an electromagnetic coil 156 between the 
inner cylindrical portion 152b and the outer cylindrical 
portion 152c. The stator 152 is fixed to the supporting 
bracket 101 via the bottom plate 152a. The inner cylindrical 
portion 152b of the stator 152 has a length approximately 
equal to that of the shaft portion 153a of the rotor 153, and 
has an inner diameter that permits slidable fitting of the shaft 
portion 153a. The outer cylindrical portion 152c of the stator 
152 is formed to have an outer diameter that permits slidable 
fitting to an inner wall face of the overlapping portion 153c 
provided on the rotor 153. 

0053. In the door operating apparatus thus constituted, 
the electromagnetic clutch unit includes the worm wheel 150 
serving as a first rotational element, the rotor 153 serving as 
a second rotational element, and the stator 152 with the 
electromagnetic coil 156 serving as a clutch driving section. 
That is, the worm wheel 150 and the rotor 153 are rotatable 
relative to each other in an ordinary state, where power can 
not be transmitted between the both members. On the other 
hand, when current flows in the electromagnetic coil 156, 
the armature 155 is attracted to the stator 152 according to 
magnetic force, so that the armature 155 of the worm wheel 
150 and the rotor 153 are put in a mutually joined state due 
to a frictional force occurring therebetween and power can 
be transmitted therebetween. 

0054 When the door operating apparatus described 
above is held in a retracted state shown in FIGS. 1 and 3, 
namely, when the arm member 123 is positioned in a 
projection area of the outer Surface of the Supporting bracket 
101, and the arm member 123 is disposed on the vehicle 
interior side, as shown with a solid line in FIG. 10, while the 
supporting bracket 101 and the driving motor 110 are 
respectively accommodated inside a pillar P and the arm 
shaft 120 is positioned at an upper side, the door operating 
apparatus is fixedly provided to the pillar P via the support 
ing bracket 101. The arm member 123 disposed on the 
vehicle interior side is linked with the back door BD via the 
coupling rod CR. 

0.055 When current is supplied to the electromagnetic 
coil 156 and the driving motor 110 is rotationally driven in 
one direction from the above state, rotation of the driving 
shaft 111 is transmitted to the worm wheel 150 via the worm 
gear 112, and rotation of the armature 155 rotated together 
with the worm wheel 150 is transmitted to the output shaft 
151 via the rotor 153. Rotation of the output shaft 151 is 
transmitted to the door operating mechanism via the drive 
pinion 154, that is, the rotation is transmitted to the second 
idle gear 125, the first idle gear 124, the sector gear 122, and 
the arm shaft 120 sequentially, thereby Swinging the arm 
member 123 fixed to the arm shaft 120 in a rearward 
direction of the vehicle, as shown with a double dotted chain 
line in FIG. 10. As a result, the back door BD with a released 
latch (not shown) is swung in the rearward direction of the 
vehicle via the coupling rod CR So that the rear end opening 
of the vehicle main body B is opened. 
0056. When current supplied to the electromagnetic coil 
156 and the driving motor 110 is rotationally driven in the 
other direction from the above state, rotation of the driving 
shaft 111 is transmitted to the worm gear 112, the worm 
wheel 150, the armature 155, the rotor 153, the output shaft 
151, the drive pinion 154, the second idle gear 125, the first 
idle gear 124, the sector gear 122, and the arm shaft 120 
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sequentially, thereby Swinging the arm member 123 fixed to 
the arm shaft 120 in a forward direction of the vehicle, as 
shown with a solid line in FIG. 10. As a result, the back door 
BD is swung in the forward direction of the vehicle via the 
coupling rod CR, so that the rear end opening of the vehicle 
main body B is closed. 

0057 Meanwhile, the opened or closed state of the back 
door BD can be detected through the Hall elements 163 by 
rotation of the magnet disc plate 162 according to rotation of 
the output shaft 151, so that driving of the driving motor 110 
is properly controlled based on the detection result. 
0.058 When the back door BD is fully opened or shut, 
current Supply to the electromagnetic coil 156 is stopped, 
and power transmission between the armature 155 and the 
rotor 153 is cut off. Therefore, Swinging force transmitted to 
the arm member 123 via the coupling rod CR is not 
transmitted to the driving motor 110, so that the back door 
BD can be manually opened and closed with a relatively 
Small operating force of a user. 
0059. According to the door operating apparatus consti 
tuted to make the supporting bracket 101 hold the stator 152 
to support rotation of the output shaft 151 via the shaft 
portion 153a of the rotor 153 as described above, since the 
output shaft 151 is securely rotated about the axial center, 
when current is caused to flow in the electromagnetic coil 
156, the armature 155 and the rotor 153 can be joined 
securely. As a result, the door operating mechanism can be 
activated stably, and the back door BD can be moved for 
opening or closing securely. 

0060. In this case, in the door operating apparatus, since 
the supporting bracket 101 serving as the base for the door 
operating mechanism is caused to hold the stator 152 
without providing a constituent element for holding the 
stator 152 separately, weight does not increase significantly. 
In addition, since the outer peripheral portions of the stator 
152 and the rotor 153 positioned between the motor bracket 
130 and the supporting bracket 101 are covered with the 
cover member 140 made of a synthetic resin, and since 
increase of the diameters of the motor bracket 130 and the 
cover member 140 is prevented by constituting the rotary 
sensor 160 that detects rotating state of the output shaft 151 
at the end portion of the output shaft 151 in the axial 
direction thereof, it is possible to reduce the weight of the 
door operating apparatus. Since the driving motor 110 is 
disposed to the Supporting bracket 101 constituting the door 
operating mechanism within the outer face projection area 
thereof, the door operating apparatus is not increased in 
length along the Supporting bracket 101. As a result, it is 
possible reduce the size and the weight of the door operating 
apparatus, and it is also possible to Substantially reduce 
limitation applied when the door operating apparatus is 
mounted on the vehicle main body B. 
0061 According to the first embodiment, the door oper 
ating apparatus that moves the back door BD provided on 
the rear end opening of the vehicle main body B via the 
upper hinges for operating has been exemplified, but the 
present invention can be applied to a door opened and closed 
by another aspect. 

0062 Although the clearance to the supporting bracket 
101 is secured by the column-shaped member 134 provided 
on the motor bracket 130, the column-shaped member 134 
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is not necessarily provided on the motor bracket 130. The 
column-shaped member 134 may be provided on the Sup 
porting bracket 101, or the column-shaped member 134 
provided separately may be interposed between the motor 
bracket 130 and the supporting bracket 101. 
0063 FIG. 11 is a schematic view of a door operating 
apparatus according to a second embodiment of the present 
invention; FIG. 12 is a front view of the door operating 
apparatus: FIG. 13 is a rear view of the door operating 
apparatus; FIG. 14 is a side view of the door operating 
apparatus; FIG. 15 is a cross-section of the door operating 
apparatus; and FIG. 16 is an enlarged cross-section of a 
rotary sensor. 

0064. As shown in FIG. 11, a door operating apparatus 3 
according to the present embodiment is mounted between a 
vehicle main body (a vehicle body) 1 of an automobile and 
a door (for example, a back door of a flip-up type) 2 serving 
as an operating member for closing an opening portion 1 a 
formed in the vehicle main body 1, for operating the door 2. 
The door operating apparatus 3 is arranged via a transmis 
sion rod 4 serving as a transmission portion between a 
driving section 30 and the door 2. The door operating 
apparatus 3 transmits power of the driving section 30 to the 
door 2 via the transmission rod 4 to open and close the door 
2. 

0065. As shown in FIGS. 12 to 15, the driving section 30 
includes a driving motor 31 serving as a driving source, a 
clutch 32, a driving gear train 33, an arm, and a rotary sensor 
35 in a casing 3A constituting an apparatus base portion of 
the door operating apparatus 3. The casing 3A is formed by 
fitting a front cover 3Aa and a rear cover 3Ab obtained by 
performing bending work on metal plates. 

0066. As shown in FIGS. 13 to 15, the driving motor 31 
is mounted on the rear cover 3 Ab outside the casing 3A. The 
driving motor 31 is disposed such that an output shaft (not 
shown) thereof is directed downwardly at an approximately 
central portion of the metal plate of the rear cover 3Ab. The 
output shaft of the driving motor 31 is provided with a worm 
gear 31A. The driving motor 31 has a motor base 36 made 
of metal (for example, aluminum alloy) in which the output 
shaft and the worm gear 31A are disposed. The motor base 
36 is fixed to the rear cover 3 Ab of the casing 3A by a bolt 
36A. 

0067. As shown in FIG. 15, the clutch 32 is constituted as 
an electromagnetic clutch. The clutch 32 is provided in a 
clutch case 37 made of synthetic resin. The clutch case 37 is 
interposed between the motor base 36 and the rear cover 
3 Ab, and is fixed to the rear cover 3Ab together with the 
motor base 36. 

0068 The clutch 32 is constituted of a rotational shaft 
32A, a worm wheel32B, an armature 32C, a rotor 32D, and 
a coil portion 32E. The rotational shaft 32A is rotatably 
supported to the motor base 36 at one end thereof so as to 
be orthogonal to the output shaft of the driving motor 31, and 
the other end thereof is rotatably supported to the rear cover 
3 Ab of the casing 3A. The worm wheel 32B is rotatably 
fitted relative to the rotational shaft 32A and meshes with the 
worm gear 31A of the driving motor 31. The armature 32C 
is formed of a magnetic member in a disc shape, and is fitted 
to the rotational shaft 32A rotatably relative thereof. The 
armature 32C is provided in an engaging manner with the 
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worm wheel 32B so as to move in an axial direction of the 
rotational shaft 32A and rotate integrally with the worm 
wheel32B. The rotor 32D is fixed to the rotational shaft 32A 
so as to be opposed to the armature 32C. The coil portion 
32E is disposed about the rotational shaft 32A to sandwich 
the rotor 32D between the armature 32C and the coil portion 
32E. One end of the rotational shaft 32A extends from the 
motor base 36, and the other end thereof extends inside the 
casing 3A. Thus, the clutch 32 is disposed about the rota 
tional shaft 32A. 

0069. In the clutch 32, when the coil portion 32E is 
excited, the armature 32C is attracted toward the coil portion 
32E to engage the rotor 32D frictionally. Thus, a driving 
force of the driving motor 31 transmitted through the worm 
gear 31A and the worm wheel 32B is transmitted to the 
rotational shaft 32A via the rotor 32D so that the rotational 
shaft 32A is rotated. On the other hand, when excitation of 
the coil portion 32E is released, the armature 32C and the 
rotor 32D are separated from each other. Thus, relative 
transmission of power between the driving motor 31 and the 
rotational shaft 32A is cancelled. 

0070). As shown in FIG. 13, the driving gear train 33 is 
constituted of an output gear 33A, an intermediate gear 33B, 
and a driving gear 33C. The output gear 33A is fixed to the 
other end of the rotational shaft 32A inside the casing 3A. 
The intermediate gear 33B is supported inside the casing 3A, 
and is constituted of two gears 33 Ba and 33Bb stacked on 
one another. One gear 33Ba meshes with the output gear 
33A. The other gear 33Bb meshes with the driving gear 33C. 
The driving gear 33C is supported inside the casing 3A via 
a driving shaft 38. The driving gear 33C is fixed to the 
driving shaft 38 which extends toward the front face side of 
the casing 3A. 
0071. In the driving gear train 33, when a driving force of 
the driving motor 31 is transmitted to the rotational shaft 
32A via the clutch 32, the driving shaft 38 is rotated 
according to rotation of the rotational shaft 32A via the 
output gear 33A, the one gear 33 Ba of the intermediate gear 
33B, the other gear 33 Bb of the intermediate gear 33B, and 
the driving gear 33C. 
0072. As shown FIGS. 12, 14: and 15, a proximal end 
34A of the arm 34 is fixed to the driving shaft 38 extending 
toward the front face side of the casing 3A. That is, the arm 
34 is rotated according to rotation of the driving shaft 38. A 
rotational end 34B of the arm 34 is mounted with the 
transmission rod 4. As shown in FIGS. 11, 12, and 14, the 
transmission rod 4 is formed as an elongated rod, and one 
end 4A thereof is mounted on the rotational end 34B of the 
arm 34, and the other end 4B thereof is mounted on the door 
2. The transmission rod 4 moves the door 2 in an opening 
direction of the door 2 or in a closing direction thereof 
according to rotation of the arm 34 of the driving section 30. 
0073. As shown in FIGS. 15 and 16, the rotary sensor 35 
is attached inside a sensor case 39 made of synthetic resin 
and attached to the rear face side of the motor base 36. As 
shown in FIG. 16, the sensor case 39 is constituted of an 
upper case 39A and a lower case 39B formed separately 
from each other, and accommodates a sensor gear 35A, a 
magnet plate 35B, and a sensor section 35C constituting the 
rotary sensor 35 in an accommodating space defined by the 
upper case 39A and the lower case 39B. 
0074 The sensor gear 35A is fixed to one end portion of 
the rotational shaft 32A extending outside the motor base 36. 
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0075) The magnet plate 35B has a supporting shaft 35Ba 
rotatably supported to the sensor case 39. The supporting 
shaft 35Ba has an upper end portion supported by the upper 
case 39A and a lower end portion supported by the lower 
case 39B. The supporting shaft 35Ba is provided with 
meshing teeth 3SBb meshing with the sensor gear 35A. As 
shown in FIG. 16, a compression spring 35Bc is interposed 
between a lower end portion of the supporting shaft 35Ba 
and the lower case 39B. That is, the magnet plate 35B is 
resiliently biased upwardly by the compression spring 35Bc. 
The magnet plate 35B has a permanent magnet 35Bd serving 
as a magnetic member extending in a radially outward 
direction of the supporting shaft 35Ba to be formed in a disc 
shape. The permanent magnet 35Bd is provided so as to 
constitute at least an outer peripheral portion of the disc 
shape portion extending in a radially outward direction of 
the supporting shaft 35Ba. 
0.076 The sensor portion 35C has a sensor base plate 
35Ca fixed to the upper case 39A. Two Hall elements (Hall 
I C) 35Cb are provided on a lower face of the sensor base 
plate 35Ca. The Hall elements 35Cb are respectively dis 
posed to be opposed to a plate face (an upper face) of the 
permanent magnet 35Bd on the magnet plate 35B. 
0.077 Supporting projections 39Aa are provided on an 
inner wall face of the upper case 39A. The supporting 
projections 39Aa abut on a disc-shaped portion of the 
magnet plate 35B resiliently biased by the compression 
spring 35Bc. Therefore, the permanent magnet 35Bd and the 
Hall elements 35Cb are disposed to be opposed to each other 
through a predetermined distance The predetermined dis 
tance is a gap suitable for the Hall elements 35Cb to detect 
passage of magnetic flux of the permanent magnet 35Bd to 
output the same as a Voltage. Thus, the compression spring 
35Bc and the supporting projections 39Aa constitute a 
Supporting unit that resiliently maintains the position of the 
permanent magnet 35Bd relative to the positions of the Hall 
elements 35Cb. 

0078. The rotary sensor 35 is provided with an opening 
hole 39Ba that permits passage of the sensor gear 35A to the 
lower case 39B. The sensor case 39 is fixed to an upper face 
of the motor base 36 by fixing screws 39C (see FIG. 13) so 
as to include the sensor gear 35A inserted therein via the 
opening hole 39Ba. At that time, the sensor gear 35A meshes 
with the meshing teeth 35Bb of the magnet plate 35B. In the 
rotary sensor 35, when a driving force of the driving motor 
31 is transmitted to the rotational shaft 32A through the 
clutch 32, the sensor gear 35A rotates according to the 
rotation of the rotational shaft 32A. The magnet plate 35B is 
rotated according to the rotation of the sensor gear 35A, and 
the rotation is detected by the respective Hall elements 35Cb 
of the sensor portion 35C. The Hall elements 35Cb capture 
pulses with different phases. Thus, an opening or closing 
position, an opening or closing speed, and an opening or 
closing direction of the door 2 can be detected in the rotary 
sensor 35. Even when opening or closing of the door 2 is 
manually performed using the door operating apparatus 3. 
the rotational shaft 32A is rotated via the driving gear train 
33 according to pivoting of the arm 34 and the magnet plate 
35B is rotated. Thus, an opening or closing position, an 
opening or closing speed, and an opening or closing direc 
tion of the door 2 can be detected even when the door 2 is 
manually opened or closed. By detecting an opening or 
closing position, an opening or closing speed, and an open 
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ing or closing direction of the door 2 at a time of manual 
operation in this manner, a state of the door 2 can be 
recognized, for example, when the door 2 that has been 
opened manually is closed by the door operating apparatus 
3. Besides, the state of the door 2 can be recognized even 
when the door 2 that has been manually opened or closed to 
an intermediate position between a fully opened position and 
a shut position is opened or closed by the door operating 
apparatus 3 in a following movement. Detection of the 
opening or closing position, the opening or closing speed, 
and the opening or closing direction of the door 2 can be 
used for reversion at a catching time of a foreign matter or 
for duty control (pulse width modulation (PWM) control). 
0079. In the door operating apparatus 3, therefore, the 
magnet plate 35B of the rotary sensor 35 has the permanent 
magnet 35Bd provided on one end side of the rotational shaft 
32A and has the disc-shaped permanent magnet 35Bb 
rotated according to rotation of the rotational shaft 32A. The 
rotary sensor 35 has the Hall elements 35Cb disposed on the 
plate face of the permanent magnet 35Bd to be opposed to 
each other through the predetermined distance. Therefore, it 
is possible to dispose the magnet plate 35B and the Hall 
elements 35Cb at positions where they are not influenced by 
magnetic field when the coil portion 32E in the clutch 32 is 
excited. As a result, detection accuracy for the rotary sensor 
35 can be improved. 
0080. The rotary sensor 35 has the Hall elements 35Cb 
disposed on the plate face of the permanent magnet 35Bd to 
be opposed to each other through the predetermined dis 
tance. Therefore, when the magnet plate 35B is rotated about 
the supporting shaft 35Ba, even when a rotational locus of 
the permanent magnet 35Bd fluctuates in a diametrically 
outward direction of the supporting shaft 35Ba, a relative 
distance between the permanent magnet 35Bd and the Hall 
elements 35Cb is not changed. As a result, detection accu 
racy for the rotary sensor 35 can be improved. 
0081. In the rotary sensor 35, the permanent magnet 
35Bd and the Hall elements 35Cb are disposed and spaced 
by the predetermined distance owing to a resilient biasing 
force of the compression spring 35Bc. Therefore, a relative 
distance between the permanent magnet 35Bd and the Hall 
elements 35Cb is not changed with respect to the axial 
direction of the supporting shaft 35Ba. As a result, detection 
accuracy for the rotary sensor 35 can be improved. 
0082 The rotary sensor 35 is disposed on the one end 
side of the rotational shaft 32A extending outside the motor 
base 36 in the driving motor 31, and is accommodated in the 
sensor case 39 made of synthetic resin to be mounted on the 
motor base 36 Therefore, the motor base 36 made of metal 
for fixing the driving motor 31 to the casing 3A constituting 
the apparatus base portion for the door operating apparatus 
3 can be reduced in size. As a result, the size and the weight 
of the door operating apparatus 3 can be reduced. 
0083. The rotary sensor 35 is disposed on the one end 
side of the rotational shaft 32A extending outside the motor 
base 36 in the driving motor 31, and is accommodated in the 
sensor case 39 made of synthetic resin to be mounted on the 
motor base 36. Therefore, it is possible to mount a controller 
(not shown) that controls the door operating apparatus 3 on 
the sensor base plate 35Ca accommodated in the sensor case 
39. That is, the controller can be disposed among the 
constituent elements for the door operating apparatus 3 
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without increasing the size of the motor base 36 made of 
metal. As a result, it is possible to reduce the size and the 
weight of the door operating apparatus 3. 

0084. According to the second embodiment, the sensor 
gear 35A is provided on the one end portion of the rotational 
shaft 32A and the magnet plate 35B meshes with the sensor 
gear 35A, so that rotation of the rotational shaft 32A is 
obtained as rotation of the magnet plate 35B via the sensor 
gear 35A. Instead of Such a constitution, the magnet plate 
35B may be provided at the one end portion of the rotational 
shaft 32A. 

0085 FIG. 17 is a cross-section of an electromagnetic 
clutch according to the present invention, and FIG. 18 is an 
exploded view of the electromagnetic clutch according to 
the present invention. 

0086). As shown in FIGS. 15, 17, and 18, the clutch 32 
constituted as an electromagnetic clutch has a clutch shaft 
32A that is a rotational shaft described above, the worm 
wheel 32B serving as the transmission gear, the armature 
32C serving as the magnetic member, the rotor 32D serving 
as the rotational portion, and the coil portion 32E. 
0087. One end side of the clutch shaft 32A is rotatably 
supported to the motor base 36 such that the clutch shaft 32A 
is orthogonal to the output shaft of the driving motor 31, and 
the other end side thereof is rotatably supported to the rear 
face cover 3Ab of the casing 3A. One end of the clutch shaft 
32A extends from the motor base 36, while the other end 
thereof extends into the casing 3A. 
0088. The worm wheel 32B is fitted on the clutch shaft 
32A rotatably relative thereto and meshes with the worm 
gear 31A of the driving motor 31 As shown in FIGS. 17 and 
18, the worm wheel 32B has a cylindrical portion 32Ba 
inserted with the clutch shaft 32A. The worm wheel32B has 
a disc-like frame 32Bb at an outer periphery of an approxi 
mately central portion of the cylindrical portion 32Ba, and 
is formed at an outer periphery of the frame 32Bb with 
meshing teeth 32Bc meshing with the worm gear 31A. A 
cover member 32Bd provided annularly to extend along the 
axial direction of the clutch shaft 32A and to cover the 
cylindrical portion 32Bainward is formed below the mesh 
ing teeth 32Bc. Engagement projections 32Be extend from 
a lower side of the frame 32Bb covered with the cover 
member 32Bd. A proximal end portion of each engagement 
projection 32Be extending from the frame 32Bb is formed 
with step portions 32Bf. As shown in FIG. 15, a sealing 
member 32Bg that closes a clearance between the cylindri 
cal hole of the cylindrical portion 32Ba and the clutch shaft 
32A is provided at an upper end of the cylindrical portion 
32Ba of the worm wheel 32B. 

0089. The armature 32C is formed of a magnetic material 
in a disc shape and is fitted rotatably relative to the clutch 
shaft 32A. The armature 32C is engaged with the warm 
wheel 32B so as to move in the direction of the axial line of 
the clutch shaft 32A and to rotate integrally with the worm 
wheel 32B. Specifically, as shown in FIG. 18, the armature 
32C includes engagement holes 32Ca in which the engage 
ment projections 32Be of the worm wheel 32B are inserted. 
The armature 32C is caused to be engaged with the worm 
wheel 32B by inserting the engagement projections 32Be 
into the engagement holes 32Cato be rotated integrally with 
the worm wheel 32B. The armature 32C is provided to be 
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movable in the axial direction (upwardly) of the clutch shaft 
32A until its upper face abuts on the step portions 32Bf and 
to be movable in the axial direction (downwardly) of the 
clutch shaft 32A until its lower face abuts on an upper face 
of the rotor 32D. The armature 32C is disposed inside the 
cover member 32Bd of the worm wheel 32B. 

0090 The rotor 32D is fixed to the clutch shaft 32A, and 
has an abutting portion 32Da formed in a disc shape at its 
upper portion. An upper face of the abutting portion 32Da 
faces a lower face of the armature 32C. An edge piece 32Db 
extending downwardly is provided on an outer periphery of 
the abutting portion 32Da. An outside portion of the edge 
piece is covered with the cover member 32Bd of the worm 
wheel 32B. 

0091. The coil portion 32E is disposed about the clutch 
shaft 32A, and an upper portion thereof is covered with the 
edge piece 32Db of the rotor 32D. The coil portion 32E is 
provided so as to sandwich the rotor 32D between the coil 
portion 32E and the armature 32C. 

0092. In the clutch 32, when the coil portion 32E is 
excited, the armature 32C is attracted toward the coil portion 
32E to be engaged with the rotor 32D frictionally. Thus, a 
driving force of the driving motor 31 transmitted via the 
worm gear 31A and the worm wheel 32B is transmitted to 
the clutch shaft 32A via the rotor 32D so that the clutch shaft 
32A is rotated. On the other hand, when excitation of the coil 
portion 32E is released, the armature 32C and the rotor 32D 
are separated from each other. Thus, relative transmission of 
power between the driving motor 31 and the clutch shaft 
32A is cancelled. 

0093 Regarding the clutch 32, a meshing portion of the 
meshing teeth 32Bc of the worm wheel 32B and the worm 
gear 31A is filled with grease for making the meshing 
therebetween smooth. The grease may be fluidized to flow 
from the worm wheel 32B to another portion. In this case, 
the cover member 32Bd is formed below the meshing teeth 
32Bc in the present embodiment. The cover member 32Bd 
covers an outer portion of the rotor 32D, while including the 
armature 32C therein. That is, the cover member 32Bd and 
the outer portion of the rotor 32D overlap with each other. 
Namely, the fluidized grease is prevented from reaching the 
frictional engaging portion of the armature 32C and the rotor 
32D by the cover member 32Bd. As a result, it is possible to 
prevent grease from entering in between the armature and 
the rotor securely. Since the cover member 32Bd is formed 
integrally with the worm wheel 32B, it is possible to 
assemble the clutch 32 easily. 

0094. A clearance between the cylindrical hole of the 
cylindrical portion 32Ba of the worm wheel 32B and the 
clutch shaft 32A is sealed by the sealing member 32Bg. 
Therefore, grease for a bearing that rotatably Supports one 
end side of the clutch shaft 32A to the motor base 36 is 
prevented from flowing on the clutch shaft 32A to reach the 
frictional engaging portion of the armature 32C and the rotor 
32D. As a result, it is possible to prevent grease from 
entering in between the armature and the rotor securely. 
Since the sealing member 32Bg is provided, even if grease 
filled in the meshing portion of the meshing teeth 32Bc of 
the worm wheel32B and the worm gear 31A flows upwardly 
in FIG. 15, it is prevented from flowing on the clutch shaft 
32A to reach the frictional engaging portion of the armature 
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32C and the rotor 32D. As a result, it is possible to prevent 
grease from entering in between the armature and the rotor 
securely. 

0.095 The upper portion of the coil portion 32E is cov 
ered with the edge piece 32Db of the rotor 32D. Thus, 
fluidized grease is prevented from entering in between the 
rotor 32D and the coil portion 32E and reaching the fric 
tional engaging portion of the armature 32C and the rotor 
32D therefrom. As a result, it is possible to prevent grease 
from entering in between the armature and the rotor 
securely. 

0.096 FIG. 19 is a cross-section of a coupling mechanism 
according to the present invention, and FIG. 20 is an 
exploded view of the coupling mechanism according to the 
present invention. 
0097. The coupling mechanism according to the present 
embodiment is for mounting the transmission rod 4 to the 
arm 34 and the door 2. FIGS. 19 and 20 depict a coupling 
mechanism for coupling the transmission rod 4 serving as 
the transmission portion to the arm 34 serving as the driving 
section 30. Similarly, the coupling mechanism according to 
the present embodiment is applied to a coupling mechanism 
for coupling the transmission rod 4 serving as the transmis 
sion portion to the door 2 serving as an operating member. 

0.098 As shown in FIG. 19, in the coupling mechanism, 
a second member is fitted to a first member. The first 
member corresponds to a side of the rotational end 34B of 
the arm 34 (or the door 2) and the second member corre 
sponds to a side of the one end 4A (or the other end 4B) of 
the transmission rod 4. 

0099. As shown in FIGS. 19 and 20, a shaft member 40 
is fixed to the first member (the rotational end 34B (or the 
door 2) of the arm 34). The shaft member 40 includes a shaft 
portion 41 and a head portion 42. The shaft portion 41 is 
provided with a fixing portion 41A that is inserted into a 
fixing hole 34Ba provided in the rotational end 34B of the 
arm 34 serving as the first member to be fixed. The shaft 
member 40 is fixed to the arm 34 by, after inserting the fixing 
portion 41A into the fixing hole 34Ba, caulking a portion of 
the fixing portion 41A that extends from the fixing hole 
34Ba. Although not shown, the fixing portion 41A may 
include a male screw and the shaft member 40 can be fixed 
to the arm 34 by a nut. Furthermore, although not shown, the 
fixing portion 41A may include a female screw and the shaft 
member 40 can be fixed to the arm 34 by a bolt. The shaft 
portion 41 is fixed to the arm 34 to extend in the axial 
direction. The head portion 42 is provided at a distal end of 
the shaft portion 41 extending from the arm 34 integrally 
with the shaft portion 41. The head portion 42 is formed in 
a spherical shape. 

0100. As shown in FIGS. 19 and 20, the second member 
(the one end 4A (or the other end 4B) of the transmission rod 
4) has an outer diameter obtained by cutting a sphere 
partially to form a flat face portion and is provided at the flat 
face portion with a recessed portion 51. The recessed portion 
51 is for holding the head portion 42 of the shaft member 40, 
and is formed such that a depth portion 51A thereof is 
formed in a Substantially conical recess, a central portion 
51B thereof is formed in a cylindrical hole having a diameter 
that permits insertion of the head portion 42 of the shaft 
member 40 with a slight clearance, and an opening portion 
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51C is formed to have an opening diameter that permits 
insertion of the head portion 42 with a play. A circumfer 
ential groove 51D fitted with a ring 52 made of a spring 
material is formed in a portion of the recessed portion 51 that 
is positioned between the central portion 51B and the 
opening portion 51C and corresponds to a portion of the 
shaft member 40 where the diameter of the head portion 42 
inserted decreases toward the shaft portion 41 (the opening 
portion 51C). The ring 52 is formed in an annular shape 
partially cut off and has elasticity in expanding and retract 
ing directions of the annular shape. When the head portion 
42 of the shaft member 40 is inserted into the recessed 
portion 51, the ring 52 is engaged with the circumferential 
groove 51D and the head portion 42 to serve as a retaining 
member that prevents the head portion 42 from coming off 
from the recessed portion 51. Lubricant is filled in the 
recessed portion 51 inserted with the head portion 42. 
0101. A spacer 53 is interposed between the first member 
and the second member. The spacer 53 is made of an elastic 
material such as rubber or flexible resin, and is formed in an 
annular shape. The spacer 53 has a thickness H as shown in 
FIG. 20 as a single unit. The spacer 53 is pressed and flexed 
in the axial direction of the shaft portion 41 to generate an 
elastic force due to a small spacing h between the first 
member (a face of the arm 34 (or the door 2) from which the 
shaft member 40 extends) and the second member (a portion 
of the transmission rod 4 having the opening portion 51C), 
when the head portion 42 of the shaft member 40 is inserted 
up to the depth portion 51A of the recessed portion 51. That 
is, the spacer 53 generates an elastic force in a direction in 
which the first member and the second member are sepa 
rated from each other in the axial direction of the shaft 
portion 41. 

0102) When the space 53 is pressed to flex in a thickness 
direction thereof to the axial direction of the shaft portion 
41, an annular inner diametrical portion thereof comes in 
tight contact with a circumferential face of the shaft portion 
41 of the shaft member 40. The spacer 53 is formed such that 
an annular outer diameter is larger than an opening diameter 
of the opening portion 51C of the recessed portion 51 That 
is, the spacer 53 closes the opening portion 51C of the 
recessed portion 51. 

0103) The coupling mechanism thus constituted holds the 
head portion 42 of the shaft member 40 in the recessed 
portion 51 to constitute a so-called ball joint. That is, the 
coupling mechanism permits a relative rotational movement 
between the head portion 42 and the recessed portion 51 
about the axial line of the shaft portion 41 along the 
spherical shape of the head portion 42 and permits relative 
movement therebetween inclining to the axial line. 

0104. In the coupling mechanism, therefore, the first 
member (the rotational end 34B of the arm 34 (or the door 
2)) and the second member (the one end 4A (or the other end 
4B) of the transmission rod 4) are held so as to be spaced 
from each other in the axial direction of the shaft portion 41 
owing to an elastic force of the spacer 53. Thus, even if a 
relative movement between the head portion 42 and the 
recessed portion 51 inclining to the axial line of the shaft 
portion 41 along the spherical shape of the head portion 42 
occurs, the first member and the second member are pre 
vented from coming in contact with each other within an 
allowable range of operating of the door 2. Especially, the 
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spacer 53 generates an elastic force in a direction in which 
the first member and the second member are always sepa 
rated from each other. Therefore, since a play in fitting 
between the head portion 42 and the recessed portion 51 is 
received and absorbed, it is possible to prevent the sudden 
movement of the door 2 to Swing due to displacement of 
load acting at an opening or closing time of the door 2. As 
a result, movement of the door 2 can be transmitted 
Smoothly via the transmission rod. 
0105. The spacer 53 closes the opening portion 51C of 
the recessed portion 51. Thus, the opening portion 51C of 
the recessed portion 51 is shielded from the outside. That is, 
it is possible to prevent powder dust from entering from the 
opening portion 51C into the recessed portion 51. It is also 
possible to prevent leakage of lubricant filled in the recessed 
portion 51 from the opening portion 51C. 
0106 The present invention has been described with 
characteristic embodiments in order to disclose the invention 
in a complete and clear manner. However, the appended 
claims should not be limited by the above embodiments, and 
should embody full range of modifications and replaceable 
configurations that can be conceived by persons skilled in 
the art, within the scope of fundamental features described 
in the present specification. 

0107 Although the invention has been described with 
respect to a specific embodiment for a complete and clear 
disclosure, the appended claims are not to be thus limited but 
are to be construed as embodying all modifications and 
alternative constructions that may occur to one skilled in the 
art which fairly fall within the basic teaching herein set 
forth. 

What is claimed is: 
1. A coupling mechanism comprising: 
a first member including a head portion in a spherical 

shape; 
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a second member including a recessed portion that fits 
with the head portion; and 

a spacer that is provided between the first member and the 
second member, and generates an elastic force Such that 
the first member and the second member are separated 
from each other. 

2. The coupling mechanism according to claim 1, wherein 

the spacer is provided along a circumference of a proxi 
mal end of a shaft portion fixed to the first member 
having the head portion at a distal end thereof, and 

when the head portion and the recessed portion are fitted 
to each other, the spacer is pressed between the first 
member and the second member, and generates an 
elastic force in an axial direction of the shaft portion. 

3. The coupling mechanism according to claim 1, further 
comprising a transmission portion that is provided between 
a driving section and an operating member Such that a 
driving force of the driving section is transmitted to the 
operating member to constitute an operating apparatus that 
opens and closes the operating member by the driving force 
from the driving section, wherein 

the head portion is provided with a side of the driving 
section or a side of the operating member as the first 
member, 

the recessed portion is provided with a side of the trans 
mission portion as the second member, and 

the spacer is provided between the side of the driving 
section and the side of the transmission portion or 
between the side of the operating member and the side 
of the transmission portion 


