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(57) An electromagnetic clutch unit (3) includes: a
friction mechanism (7) including a first friction member
(70) and a second friction member (71); a lock sleeve (8)
connected to an input shaft member so as to be non-
rotatable relative to the input shaft member, and movable
in an axial direction of the electromagnetic clutch unit
between a first position at which the lock sleeve is en-
gaged with only the input shaft member and a second

position at which the lock sleeve is engaged with both an
output shaft member and the input shaft member; and a
pressing member (90) that constitutes a magnetic path
extending over the pressing member and the second fric-
tion member, and that presses the lock sleeve with the
electromagnetic force to move the lock sleeve from the
first position to the second position.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an electromagnetic
clutch unit that connects a pair of rotary members, which
are rotatable relative to each other, to each other such
that torque is transmitted therebetween, a four-wheel-
drive vehicle, a control method for the electromagnetic
clutch unit, and a control method for the four-wheel-drive
vehicle.

2. Description of Related Art

[0002] There has been a four-wheel-drive vehicle con-
figured such that driving force generated by an engine,
which serves as a drive source, is constantly transmitted
to front wheels and the driving force generated by the
engine is transmitted to rear wheels depending on a trav-
elling state. Conventionally, in such a four-wheel-drive
vehicle, a clutch is disposed on the front wheel side of a
propeller shaft that transmits the driving force in the lon-
gitudinal direction of the vehicle, and another clutch is
disposed on the rear wheel side of the propeller shaft
(refer to, for example, Japanese Patent Application Pub-
lication No. 2004-9954 (JP 2004-9954 A)).
[0003] In the four-wheel-drive vehicle described in JP
2004-9954 A, a dog clutch is disposed on the front wheel
side of the propeller shaft and a multiple-disc clutch,
which transmits the driving force by friction, is disposed
on the rear wheel side of the propeller shaft. In the two-
wheel-drive mode in which the driving force is transmitted
only to the front wheels, transmission of the driving force
by the dog clutch and transmission of the driving force
by the multiple-disc clutch are both interrupted to stop
the rotation of the propeller shaft. Thus, it is possible to
reduce the sliding resistance caused by the rotation of
the propeller shaft and the stirring resistance of a lubri-
cant caused by a gear connected to the propeller shaft.
This leads to a reduction in the specific fuel consumption.
[0004] If the rotation of an input-side rotary shaft and
the rotation of an output-side rotary shaft are not syn-
chronized with each other, the dog clutch is not able to
connect the two rotary shafts to each other such that
driving force can be transmitted therebetween. In the
four-wheel-drive vehicle described in Japanese Patent
Application Publication No. 2004-9954 (JP 2004-9954
A), a control system is configured such that, in order to
switch the drive mode from the two-wheel-drive mode to
the four-wheel-drive mode, first, the torque of rear wheels
generated while the vehicle is travelling is transmitted to
the propeller shaft by the multiple-disc clutch to rotate
the propeller shaft, the rotations of the two rotary shafts
of the dog clutch are synchronized with each other in
advance, and then the dog clutch is actuated.
[0005] However, for example, in a case where the ve-

hicle is making a turn in the two-wheel-drive mode or a
slip occurs in a wheel in the two-wheel-drive mode, a
difference is caused in rotational speed between the front
wheels and the rear wheels. Therefore, even if the pro-
peller shaft is rotated by actuating the multiple-disc clutch
on the rear wheel side, it is not possible to synchronize
the rotations of the two rotary shafts of the dog clutch
with each other. As a result, when the drive mode should
be switched to the four-wheel-drive mode in which the
driving force generated by the engine is transmitted also
to the rear wheels, there is a possibility that the dog clutch
will not be actuated and consequently the drive mode will
not be switched to the four-wheel-drive mode.

SUMMARY OF THE INVENTION

[0006] One object of the invention is to provide an elec-
tromagnetic clutch unit configured such that, even if the
rotations of a first rotary member and a second rotary
member, which are to be connected to each other such
that torque is transmitted therebetween, are not synchro-
nized with each other, the rotations of the rotary members
are allowed to be synchronized with each other and the
rotary members are connected to each other through en-
gagement, and a four-wheel-drive vehicle including the
electromagnetic clutch unit.
[0007] An aspect of the invention relates to an electro-
magnetic clutch unit configured to connect a first rotary
member and a second rotary member, which are rotat-
able relative to each other, such that torque is transmitted
between the first rotary member and the second rotary
member. The electromagnetic clutch unit includes: an
electromagnetic coil that generates electromagnetic
force upon energization of the electromagnetic coil; a fric-
tion mechanism including a first friction member connect-
ed to the first rotary member so as to be non-rotatable
relative to the first rotary member, and a second friction
member connected to the second rotary member so as
to be non-rotatable relative to the second rotary member
and frictionally engageable with the first friction member
by the electromagnetic force; a lock sleeve connected to
the second rotary member so as to be non-rotatable rel-
ative to the second rotary member, and movable in an
axial direction of the electromagnetic clutch unit between
a first position at which the lock sleeve is engaged with
the second rotary member but is not engaged with the
first rotary member and a second position at which the
lock sleeve is engaged with both the first rotary member
and the second rotary member; and a pressing member
that constitutes a magnetic path extending over the
pressing member and the second friction member, and
that presses the lock sleeve with the electromagnetic
force to move the lock sleeve from the first position to
the second position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and further features and advan-
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tages of the invention will become apparent from the fol-
lowing description of example embodiments with refer-
ence to the accompanying drawings, wherein like numer-
als are used to represent like elements and wherein:

FIG. 1 is a schematic configuration diagram of a four-
wheel-drive vehicle including an electromagnetic
clutch unit according to an embodiment of the inven-
tion;
FIG. 2 is a perspective view illustrating the entire
configuration of the electromagnetic clutch unit;
FIG. 3 is a sectional view illustrating the entire con-
figuration of the electromagnetic clutch unit;
FIG. 4A is a sectional view illustrating main portions
of the electromagnetic clutch unit when the electro-
magnetic clutch unit is in a non-operating state;
FIG. 4B is a sectional view illustrating the main por-
tions of the electromagnetic clutch unit when the
electromagnetic clutch unit is in an operating state;
FIG. 5A is a front view of a second friction member;
FIG. 5B is a back view of the second friction member;
FIG. 5C is a sectional view of the second friction
member taken along the line A-A in FIG. 5B;
FIG. 5D is a sectional view of the second friction
member taken along the line B-B in FIG. 5B;
FIG. 6A is a front view of a lock sleeve;
FIG. 6B is a back view of the lock sleeve;
FIG. 6C is a sectional view of the lock sleeve taken
along the line C-C in FIG. 6B;
FIG. 6D is a sectional view of the lock sleeve taken
along the line D-D in FIG. 6B;
FIG. 7A is a front view of a pressing member;
FIG. 7B is a back view of the pressing member; and
FIG. 7C is a sectional view of the pressing member
taken along the line E-E in FIG. 7A.

DETAILED DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, an electromagnetic clutch unit ac-
cording to an embodiment of the invention and a four-
wheel-drive vehicle including the electromagnetic clutch
unit will be described in detail with reference to the ac-
companying drawings.
[0010] FIG. 1 is a schematic configuration diagram of
a four-wheel-drive vehicle 200 including an electromag-
netic clutch unit 3 according to an embodiment of the
invention. The four-wheel-drive vehicle 200 has a driving
force transmission system 201, an engine 202, which
serves as a drive source, a transmission 203, front
wheels 204R, 204L, which serve as main drive wheels,
and rear wheels 205R, 205L, which serve as auxiliary
drive wheels. In each drawing, a character "R" in a ref-
erence symbol signifies the right side with respect to the
travelling direction of the four-wheel-drive vehicle 200,
whereas a character "L" in a reference symbol signifies
the left side with respect to the travelling direction of the
four-wheel-drive vehicle 200.
[0011] The driving force transmission system 201 is

disposed, together with a front differential 206 and a rear
differential 207, on a driving force transmission path ex-
tending from the transmission 203 to the front wheels
204R, 204L and the rear wheels 205R, 205L in the four-
wheel-drive vehicle 200. The driving force transmission
system 201 includes a propeller shaft 2, the electromag-
netic clutch unit 3, and a torque coupling 100. The pro-
peller shaft 2 is a driving force transmission shaft that
transmits driving force (torque) generated by the engine
202 from the front wheels 204R, 204L side toward the
rear wheels 205R, 205L. The electromagnetic clutch unit
3 is disposed at such a position that transmission of the
driving force can be interrupted at a position upstream
of the propeller shaft 2 in the driving force transmission
path. The torque coupling 100 is disposed at such a po-
sition that transmission of the driving force from the pro-
peller shaft 2 toward the rear wheels 205R, 205L can be
interrupted.
[0012] The electromagnetic clutch unit 3 and the torque
coupling 100 are controlled by an electronic control unit
(ECU) 10, which serves as a controller. A first rotation
sensor 10a that detects a rotational speed of a front dif-
ferential case 212 and a second rotation sensor 10b that
detects a rotational speed of the propeller shaft 2 are
connected to the ECU 10.
[0013] The driving force generated by the engine 202
is constantly transmitted to the front wheels 204R, 204L
via the transmission 203 and the front differential 206.
The driving force generated by the engine 202 is trans-
mitted to the rear wheels 205R, 205L via the transmission
203, the electromagnetic clutch unit 3, the propeller shaft
2, the rear differential 207, and the torque coupling 100,
depending on the travelling state of the four-wheel-drive
vehicle 200. The ECU 10 controls the electromagnetic
clutch unit 3 and the torque coupling 100 based on the
travelling state such as the difference in rotational speed
between the front wheels 204R, 204L and the rear wheels
205R, 205L and the amount of acceleration operation
performed by a driver with the use of an accelerator ped-
al.
[0014] The front differential 206 includes right and left
side gears 209R, 209L, a pair of pinion gears 210, a pinion
shaft 211, and the front differential case 212. The pinion
gears 210 are rotatably supported by the pinion shaft
211. The front differential case 212 supports the pinion
shaft 211. The driving force output from the transmission
203 is directly transmitted by meshed gears to the front
differential case 212.
[0015] The side gear 209L is connected to the left front
wheel 204L via a front wheel-side axle shaft 208L. The
side gear 209R is connected to the right front wheel 204R
via a front wheel-side axle shaft 208R. The pinion gears
210 mesh with the side gears 209R, 209L with gear axes
being orthogonal to the gear axes of the side gears 209R,
209L. The front differential case 212 has a tubular portion
212a that extends along the axle shaft 208R.
[0016] The rear differential 207 includes right and left
side gears 214R, 214L, a pair of pinion gears 215, a pinion
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shaft 216, and a rear differential case 217. The pinion
gears 215 are rotatably supported by the pinion shaft
216. The rear differential case 217 supports the pinion
shaft 216. The side gear 214L is connected to the left
rear wheel 205L via the torque coupling 100 and a rear
wheel-side axle shaft 213L. The side gear 214R is con-
nected to the right rear wheel 205R via a rear wheel-side
axle shaft 213R.
[0017] At the front wheel-side end of the propeller shaft
2, there is disposed a front wheel-side bevel gear mech-
anism 220 formed of a drive pinion 218 and a ring gear
219 that mesh with each other. The drive pinion 218 ro-
tates together with the propeller shaft 2. The ring gear
219 is fixed to an output shaft member 5 (described later)
of the electromagnetic clutch unit 3. At the rear wheel-
side end of the propeller shaft 2, there is disposed a bevel
gear mechanism 223 formed of a drive pinion 221 and a
ring gear 222 that mesh with each other. The drive pinion
221 rotates together with the propeller shaft 2. The ring
gear 222 is fixed to the rear differential case 217.
[0018] The torque coupling 100 includes a tubular
housing 101, an inner shaft 102, a multiple-disc clutch
103, an electromagnetic coil 104, and a cam mechanism
105. The housing 101 is connected to the side gear 214L
of the rear differential 207 so as to be non-rotatable rel-
ative to the side gear 214L. The inner shaft 102 is con-
nected to the axle shaft 213L so as to be non-rotatable
relative to the axle shaft 213L. The multiple-disc clutch
103 is disposed between the housing 101 and the inner
shaft 102. Currents are supplied to the electromagnetic
coil 104 from the ECU 10. The cam mechanism 105 is
operated by magnetic force generated by the electro-
magnetic coil 104 to press the multiple-disc clutch 103
on the basis of the relative rotation between the housing
101 and the inner shaft 102. In the torque coupling 100,
the cam mechanism 105 presses the multiple-disc clutch
103 with cam thrust force based on the amount of cur-
rents supplied to the electromagnetic coil 104 to transmit
the driving force between the housing 101 and the inner
shaft 102.
[0019] For example, if the amount of currents supplied
to electromagnetic coil 104 of the torque coupling 100 is
set to zero in order to interrupt the transmission of the
driving force from the side gear 214L to the axle shaft
213L, the transmission of the driving force from the pro-
peller shaft 2 to the axle shaft 213R is interrupted due to
idle running of the side gears 214R, 214L and the pinion
gears 215. In other words, the torque coupling 100 is an
example of an interrupting device in the invention, which
is able to interrupt the transmission of the driving force
from the propeller shaft 2 to the rear wheels 205R, 205L.
[0020] FIG. 2 is a perspective view illustrating the entire
configuration of the electromagnetic clutch unit 3. FIG. 3
is a sectional view illustrating the entire configuration of
the electromagnetic clutch unit 3. FIG. 4A and FIG. 4B
are sectional views each illustrating main portions of the
electromagnetic clutch unit 3. FIG. 4A is a sectional view
illustrating the main portions of the electromagnetic

clutch unit 3 when the electromagnetic clutch unit 3 is in
a non-operating state (a state in which torque transmis-
sion is interrupted). FIG. 4B is a sectional view illustrating
the main portions of the electromagnetic clutch unit 3
when the electromagnetic clutch unit 3 is in an operating
state.
[0021] The electromagnetic clutch unit 3 includes an
input shaft member 4, the output shaft member 5, an
electromagnetic coil 6, a friction mechanism 7, a lock
sleeve 8, and a pressing mechanism 9. The driving force
generated by the engine 202 is input into the input shaft
member 4 from the front differential case 212. The driving
force input into the input shaft member 4 is output from
the output shaft member 5 toward the propeller shaft 2.
The electromagnetic coil 6 is energized to generate elec-
tromagnetic force. The friction mechanism 7 is operated
by the electromagnetic force generated by the electro-
magnetic coil 6. The lock sleeve 8 connects the input
shaft member 4 and the output shaft member 5 such that
the input shaft member 4 and the output shaft member
5 are non-rotatable relative to each other. The pressing
mechanism 9 presses the lock sleeve 8.
[0022] The input shaft member 4 and the output shaft
member 5 share a rotation axis O, and are rotatable rel-
ative to each other on the rotation axis O. The output
shaft member 5 is an example of a first rotary member
in the invention. The input shaft member 4 is an example
of a second rotary member in the invention. In the elec-
tromagnetic clutch unit 3, the input shaft member 4 and
the output shaft member 5 are connected to each other
such that torque is transmitted therebetween.
[0023] The input shaft member 4 is an open-end cylin-
drical member that opens toward both sides in its axial
direction and that has a first to a third cylindrical portions
4a to 4c that differ from each other in outside diameter.
The first cylindrical portion 4a is formed to have a diam-
eter that is larger than those of the second cylindrical
portion 4b and the third cylindrical portion 4c. The second
cylindrical portion 4b and the third cylindrical portion 4c
are formed at the opposite end portions of the input shaft
member 4 with the first cylindrical portion 4a interposed
therebetween. The second cylindrical portion 4b is locat-
ed on the right front wheel 204R side. The third cylindrical
portion 4c is located on the front differential case 212
side. The second cylindrical portion 4b is supported by
a ball bearing 40 disposed between the second cylindri-
cal portion 4b and a unit case 30 for the electromagnetic
clutch unit 3.
[0024] The front wheel-side axle shaft 208R is passed
through the input shaft member 4. The input shaft mem-
ber 4 is connected, at its third cylindrical portion 4c-side
end, to the tubular portion 212a formed on the front dif-
ferential case 212 of the front differential 206 so as to be
non-rotatable relative to the tubular portion 212a. The
third cylindrical portion 4c of the input shaft member 4 is
supported by the inner peripheral face of the output shaft
member 5 via a needle roller bearing 41. The input shaft
member 4 rotates about the rotation axis O upon recep-
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tion of the driving torque generated by the engine 202
from the front differential case 212.
[0025] A sealing mechanism 31 is fitted to an inner face
30a of the unit case 30. The sealing mechanism 31 is
interposed between one axial side end portion (right front
wheel 204R side end portion) of the inner face 30a and
the outer peripheral face of the rear wheel-side axle shaft
208R. In addition, a sealing mechanism 32 is fitted to the
inner face 30a of the unit case 30. The sealing mecha-
nism 32 is interposed between the other axial side end
portion (front differential case 212 side end portion) of
the inner face 30a and the outer peripheral face of the
tubular portion 212a of the front differential case 212. A
non-magnetic material, such as aluminum (Al), is used
as the material of the unit case 30.
[0026] A straight spline fitting portion 4d exposed in
the unit case 30 is formed on the outer peripheral face
of the first cylindrical portion 4a. Further, a straight spline
fitting portion 4g, which is spline-fitted to the inner face
of the tubular portion 212a of the front differential case
212, is formed on the outer peripheral face of the third
cylindrical portion 4c.
[0027] The output shaft member 5 is an open-end cy-
lindrical member that opens toward both sides in its axial
direction and that has a first to a third cylindrical portions
5a to 5c that differ from each other in outside diameter.
The output shaft member 5 is rotatably housed in the unit
case 30 of the electromagnetic clutch unit 3. The first
cylindrical portion 5a is formed to have a diameter that
is larger than those of the second cylindrical portion 5b
and the third cylindrical portion 5c. The second cylindrical
portion 5b and the third cylindrical portion 5c are formed
at the opposite end portions of the output shaft member
5 with the first cylindrical portion 5a interposed therebe-
tween. The second cylindrical portion 5b is located on
the right front wheel 204R side. The third cylindrical por-
tion 5c is located on the front differential case 212 side.
The ring gear 219 of the front wheel-side gear mechanism
220 is disposed on the outer periphery of the first cylin-
drical portion 5a. Thus, the output shaft member 5 is con-
nected to the propeller shaft 2 by the front wheel-side
gear mechanism 220.
[0028] The third cylindrical portion 5c of the output
shaft member 5 is supported by a tapered roller bearing
50 disposed between the third cylindrical portion 5c and
the unit case 30 of the electromagnetic clutch unit 3. The
second cylindrical portion 5b of the output shaft member
5 is supported by a tapered roller bearing 51 disposed
between the second cylindrical portion 5b and a holder
61 of the electromagnetic coil 6. The output shaft member
5 is connected to the input shaft member 4 by the lock
sleeve 8 (described later), thereby to receive the driving
force from the input shaft member 4, and outputs the
driving force to the propeller shaft 2 via the ring gear 219.
[0029] A straight spline fitting portion 5d is formed on
the outer peripheral face of the second cylindrical portion
5b. The straight spline fitting portion 5d includes positions
at which the straight spline fitting portion 5d is connected

to a first friction member 70 (described later) of the friction
mechanism 7 and the lock sleeve 8. The tapered roller
bearing 51 is provided on the outer peripheral face of the
second cylindrical portion 5b, at a position between the
second cylindrical portion 5b and the holder 61 of the
electromagnetic coil 6.
[0030] The electromagnetic coil 6 includes an annular
coil 60, and an annular holder 61 that houses the coil 60
and that has a U-shaped section with angled corners or
a U-shaped section with rounded corners. The holder 61
is supported by the unit case 30 when its outer peripheral
face is in contact with the inner face 30a of the unit case
30. The holder 61 is made of a magnetic material, such
as a ferrous metal, and has a stiffness that is higher than
that of the unit case 30. In other words, the output shaft
member 5 is supported via the tapered roller bearing 51
by the holder 61 that has a stiffness higher than that of
the unit case 30, and therefore a high support stiffness
is achieved.
[0031] The holder 61 opens toward the friction mech-
anism 7 (described later), and the coil 60 is inserted
through the opening into the housing space within the
holder 61. The electromagnetic coil 6 forms a magnetic
path M over the holder 61 and the friction mechanism 7
upon energization of the coil 60, which is controlled by
the ECU 10, thus generating electromagnetic force for
actuating the friction mechanism 7.
[0032] The friction mechanism 7 is opposed to the
opening of the holder 61, and is disposed around the
outer periphery of the first cylindrical portion 4a of the
input shaft member 4 and the outer periphery of the sec-
ond cylindrical portion 5b of the output shaft member 5.
The friction mechanism 7 has the first friction member
70 and a second friction member 71. The first friction
member 70 is connected to the output shaft member 5
so as to be non-rotatable relative to the output shaft mem-
ber 5. The second friction member 71 is connected to
the input shaft member 4 so as to be non-rotatable rela-
tive to the input shaft member 4, and can be frictionally
engaged with the first friction member 70 by the electro-
magnetic force generated by the electromagnetic coil 6.
[0033] The first friction member 70 is made of a mag-
netic material, such as a ferrous metal. The first friction
member 70 is an annular member fitted onto the second
cylindrical portion 5b of the output shaft member 5 and
located at one axial side (the electromagnetic coil 6 side)
portion of the friction mechanism 7. The first friction mem-
ber 70 is formed of a base portion 70a and a frictionally
engaged portion 70b located radially outward of the base
portion 70a. The frictionally engaged portion 70b extends
radially outward from the outer periphery of the base por-
tion 70a.
[0034] The frictionally engaged portion 70b has a disc-
shape and split into three sections by an inner slit 70c
and an outer slit 70d that are formed so as to be concen-
tric with each other. Each of the inner slit 70c and the
outer slit 70d is formed of a plurality of arc-shaped slits
to suppress occurrence of a short-circuit of a magnetic
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flux in the radial direction in the frictionally engaged por-
tion 7b.
[0035] A straight spline fitting portion 70e is formed on
the inner peripheral face of the base portion 70a. The
straight spline fitting portion 70e is spline-fitted to the
straight spline fitting portion 5d of the output shaft mem-
ber 5. When the straight spline fitting portion 70e is spline-
fitted to the straight spline fitting portion 5d, the first fric-
tion member 70 is connected to the output shaft member
5 so as to be non-rotatable relative to the output shaft
member 5 but movable in the axial direction. When the
straight spline fitting portion 70e is brought into contact
with the electromagnetic coil 6-side end of the straight
spline fitting portion 5d, the movement of the first friction
member 70 in the axial direction toward the electromag-
netic coil 6 is restricted.
[0036] FIG. 5A is a front view of the second friction
member 71. FIG. 5B is a back view of the second friction
member 71. FIG. 5C is a sectional view of the second
friction member 71 taken along the line A-A in FIG. 5B.
FIG. 5D is a sectional view of the second friction member
71 taken along the line B-B in FIG. 5B.
[0037] The second friction member 71 is made of a
magnetic material, such as a ferrous metal. The second
friction member 71 is disposed at such a position that the
first friction member 70 is held between the second fric-
tion member 71 and the electromagnetic coil 6. The sec-
ond friction member 71 has a base portion 71a and a
frictionally engaged portion 71b located radially outward
of the base portion 71a. The frictionally engaged portion
71b is opposed to the first friction member 70.
[0038] The base portion 71a is a cylindrical portion that
has a large-diameter portion 711 and a small-diameter
portion 712. The small-diameter portion 712 has, at its
center, an insertion hole 712a through which the input
shaft member 4 is passed. A straight spline fitting portion
71e is formed on the inner peripheral face of the base
portion 71a, which defines the insertion hole 712a. The
straight spline fitting portion 71e is spline-fitted to the
straight spline fitting portion 4d of the input shaft member
4. When the straight spline fitting portion 71e is spline-
fitted to the straight spline fitting portion 4d of the input
shaft member 4, which is passed through the insertion
hole 712a, the second friction member 71 is connected
to the input shaft member 4 so as to be non-rotatable
relative to the input shaft member 4 but movable in the
axial direction.
[0039] As illustrated in FIG. 5B, the large-diameter por-
tion 711 of the base portion 71a has four recessed holes
73, which open at its axial end face (the right front wheel
204R-side end face), which are located at equal intervals
in the circumferential direction, and which are parallel to
the rotation axis O. The large-diameter portion 711 has
two threaded holes 74, which are located at positions
different from the recessed holes 73, in its axial end face.
The threaded holes 74 are used to fix an annular retaining
member 95 to the large-diameter portion 711 with screws
96. The annular retaining member 95 restricts the move-

ment of a pressing member 90 (described later). Further,
the large-diameter portion 711 has four generally rectan-
gular through-holes 75 that are located radially inward of
the recessed holes 73 and that pass through the second
friction member 71 in the thickness direction that is par-
allel to the rotation axis O.
[0040] The frictionally engaged portion 71b is a circular
disc-shaped portion formed integrally with the base por-
tion 71a, and split into three sections by an inner slit 71c
and an outer slit 71d that are formed so as to be concen-
tric with each other. Each of the inner slit 71c and the
outer slit 71d is formed of multiple (four) arc-shaped slits.
[0041] An annular recessed portion 72, which opens
at the opposite side of the second friction member 72
from the first friction member 70, is formed in the second
friction member 71. The bottom portion of the recessed
portion 72 in its depth direction, which is parallel to the
rotation axis O, is in communication with the inner slit
71c. The second friction member 71 is formed such that
the distance between a radially outer-side inner face 72a
of the recessed portion 72 and a radially inner-side inner
face 72b of the recessed portion 72 gradually increases
as the distance from the bottom of the recessed portion
72 increases.
[0042] The frictionally engaged portion 71b of the sec-
ond friction member 71 is moved so as to be frictionally
engaged with the frictionally engaged portion 70b of the
first friction member 70 by the electromagnetic force gen-
erated by the electromagnetic coil 6. The magnetic path
M is formed between the second friction member 71 and
the first friction member 70.
[0043] FIG. 6A is a front view of the lock sleeve 8. FIG.
6B is a back view of the lock sleeve 8. FIG. 6C is a sec-
tional view of the lock sleeve 8 taken along the line C-C
in FIG. 6B. FIG. 6D is a sectional view of the lock sleeve
8 taken along the line D-D in FIG. 6B.
[0044] The lock sleeve 8 is a tubular member having
a straight spline fitting portion 8a on its inner peripheral
face and is housed radially inward of the large-diameter
portion 711 of the second friction member 71 so as to be
movable in the axial direction. When the straight spline
fitting portion 8a is spline-fitted to the straight spline fitting
portion 4d of the input shaft member 4, the lock sleeve
8 is connected to the input shaft member 4 so as to be
non-rotatable relative to the input shaft member 4.
[0045] When the lock sleeve 8 moves in the axial di-
rection toward the first friction member 70, the lock sleeve
8 is spline-fitted also to the straight spline fitting portion
5d of the output shaft member 5. More specifically, the
lock sleeve 8 is movable in the axial direction between a
first position at which the straight spline fitting portion 8a
is engaged with only the input shaft member 4 and a
second position at which the straight spline fitting portion
8a is engaged with both the input shaft member 4 and
the output shaft member 5. When the lock sleeve 8 moves
to the second position, the input shaft member 4 and the
output shaft member 5 are connected to each other so
as to be non-rotatable relative to each other.
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[0046] A rib 8b that extends radially outward is formed
on the outer peripheral face of the lock sleeve 8. The rib
8b is formed so as to be continuous along the entire cir-
cumference of the lock sleeve 8. The rib 8b is located at
one axial end portion of the lock sleeve 8. The face of
the rib 8b, which is opposed to the pressing member 90,
has four recessed holes 8c that are located at equal in-
tervals in the circumferential direction. Four supporting
portions 8d opposed to the rib 8b are formed at the other
axial end portion of the lock sleeve 8. First springs 80,
which serve as pressing elastic members, are disposed
between the bottom faces of the recessed holes 8c and
recessed holes 92b (described later) of the pressing
member 90. As the first springs 80, for example, a com-
pression coil spring is used. When the electromagnetic
clutch unit 3 is not operating, the supporting portions 8d
receive the elastic forces of the first springs 80 via the
pressing member 90 to restrict the movement of the
pressing member 90 in the axial direction relative to the
lock sleeve 8.
[0047] The first springs 80 are interposed between the
pressing member 90 and the rib 8b of the lock sleeve 8,
and are compressively deformed as the pressing mem-
ber 90 moves toward the first friction member 70. The
lock sleeve 8 receives, from the first springs 80, urging
force with which the lock sleeve 8 moves from the first
position to the second position. More specifically, the
pressing member 90 presses the lock sleeve 8 using the
electromagnetic force generated by the electromagnetic
coil 6 so as to move the lock sleeve 8 from the first position
to the second position.
[0048] FIG. 7A is a front view of the pressing member
90. FIG. 7B is a back view of the pressing member 90.
FIG. 7C is a sectional view of the pressing member 90
taken along the line E-E in FIG. 7A. The pressing mech-
anism 9 includes the pressing member 90, pins 93, sec-
ond springs 94, which serve as elastic members fitted
onto the pins 93, and the annular retaining member 95.
[0049] The pressing member 90 is a single-piece mem-
ber having a tubular portion 91 and projections 92 that
project from the tubular portion 91 radially inward. The
projections 92 are provided at four positions located at
equal intervals in the circumferential direction of the tu-
bular portion 91. The tubular portion 91 is formed in a
wedge shape in a section parallel to the rotation axis O,
such that the radial thickness of the tubular portion 91
gradually decreases from one axial end thereof where
the projections 92 are formed toward the other axial end
thereof.
[0050] As illustrated in FIG. 3 and FIG. 4A and FIG.
4B, the tubular portion 91 is at least partially housed in
the recessed portion 72 of the second friction member
71. The projections 92 are housed in the through-holes
75 formed in the second friction member 71 (refer to FIG.
5) and prevented from slipping out of the through-holes
75 by the retaining member 95.
[0051] An outer peripheral face 91a of the tubular por-
tion 91 is opposed to the radially outer-side inner face

72a of the recessed portion 72, whereas an inner periph-
eral face 91b of the tubular portion 91 is opposed to the
radially inner-side inner face 72b of the recessed portion
72. The magnetic path M is formed between the inner
faces 72a, 72b of the recessed portion 72 and the outer
peripheral face 91a and the inner peripheral face 91b of
the tubular portion 91. The tubular portion 91 receives
force that attracts the tubular portion 91 toward the bot-
tom of the recessed portion 72 due to a magnetic flux
passing through the magnetic path M.
[0052] An insertion hole 92a, through which the pin 93
is passed, is formed in a root side portion (in the tubular
portion 91-side portion) of each of the projections 92, and
the recessed hole 92b that supports one end of the first
springs 80 illustrated in FIG. 3 and FIG. 4 is formed in a
distal end side portion of each of the projections 92. As
the material of the pressing member 90, a magnetic ma-
terial, such as a ferrous metal, is used.
[0053] Each of the pins 93 is formed of a rod-like mem-
ber that is fixedly fitted at one end in a corresponding one
of the recessed holes 73 of the second friction member
71 and that is fixedly fitted at the other end in the annular
retaining member 95. In the present embodiment, the
number of the pins 93 is four. The pins 93 are made of
a magnetic material, such as a ferrous metal. The pins
93 are passed through the insertion holes 92a of the pro-
jections 92 of the pressing member 90. Thus, the press-
ing member 90 is connected to the second friction mem-
ber 71 so as to be non-rotatable relative to the second
friction member 71 but movable along the pins 93 in the
axial direction.
[0054] The second springs 94 are fitted onto the pins
93 and interposed between the second friction member
71 and the pressing member 90. The second springs 94
are compressed as the pressing member 90 moves to-
ward the electromagnetic coil 6 due to an increase in the
electromagnetic force generated by the electromagnetic
coil 6. The urging force produced by the compressive
deformation acts so as to press the second friction mem-
ber 71 against the first friction member 70. On the other
hand, when the energization of the electromagnetic coil
6 is stopped and the electromagnetic force disappears,
the second springs 94 functions as return springs that
make the pressing member 90 move away from the sec-
ond friction member 71 using its urging force.
[0055] Next, the operation of the electromagnetic
clutch unit 3 will be described. The case where the four-
wheel-drive vehicle 200 is switched from the two-wheel-
drive mode to the four-wheel-drive mode will be mainly
described below.
[0056] When the four-wheel-drive vehicle 200 is trav-
elling in the two-wheel-drive mode, transmission of the
driving force by the electromagnetic clutch unit 3 and the
transmission of the driving force by the torque coupling
100 are both interrupted and the rotation of the propeller
shaft 2 is stopped.
[0057] In order to switch the four-wheel-drive vehicle
200 from the two-wheel-drive mode to the four-wheel-
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drive mode, currents are supplied from the ECU 10 to
the electromagnetic coil 6 of the electromagnetic clutch
unit 3. Thus, a magnetic flux is generated in the magnetic
path M, and the second friction member 71 moves toward
the first friction member 70 by the electromagnetic force
generated by the electromagnetic coil 6. In accordance
with this movement, the frictionally engaged portion 71b
of the second friction member 71 frictionally slides on the
frictionally engaged portion 70b of the first friction mem-
ber 70. Due to the frictional force generated by the fric-
tional sliding, part of the driving force input into the input
shaft member 4 from the front differential case 212 is
transmitted to the output shaft member 5 via the first fric-
tion member 70 and the second friction member 71. The
driving force transmitted to the output shaft member 5 is
transmitted to the propeller shaft 2 via the front wheel-
side bevel gear mechanism 220, thus rotating the pro-
peller shaft 2.
[0058] Meanwhile, the electromagnetic force generat-
ed by the electromagnetic coil 6 acts so as to draw the
tubular portion 91 of the pressing member 90 toward the
bottom of the recessed portion 72 of the second friction
member 71. In accordance with this action, the pressing
member 90 moves toward the second friction member
71 against restoring force of the second springs 94 dis-
posed between the pressing member 90 and the large-
diameter portion 711 of the second friction member 71.
Due to the movement of the pressing member 90, the
second springs 94 is compressively deformed. The urg-
ing force resulting from the compressive deformation of
the second springs 94 acts so as to press the second
friction member 71 against the first friction member 70.
Thus, the second friction member 71 is pressed more
strongly against the first friction member 70.
[0059] Due to the movement of the pressing member
90, the first springs 80, which are interposed between
the pressing member 90 and the rib 8b of the lock sleeve
8, are compressively deformed. As the first springs 80
are compressively deformed, the lock sleeve 8 receives,
from the first springs 80, urging force with which the lock
sleeve 8 is moved from the first position, at which the
straight spline fitting portion 8a is engaged with only the
straight spline fitting portion 4d of the input shaft member
4, to the second position, at which the straight spline fit-
ting portion 8a is engaged with both the straight spline
fitting portion 4d of the input shaft member 4 and the
straight spline fitting portion 5d of the output shaft mem-
ber 5.
[0060] In the state where the rotation of the input shaft
member 4 and the rotation of the output shaft member 5
are not synchronized with each other, the lock sleeve 8
is not able to move to the second position due to the
contact between the straight spline fitting portion 8a of
the lock sleeve 8 and the straight spline fitting portion 5d
of the output shaft member 5. However, when the rota-
tional speeds of the output shaft member 5 and the pro-
peller shaft 2 are increased by the driving force transmit-
ted to the output shaft member 5 via the first friction mem-

ber 70 and the second friction member 71 and thus the
rotation of the input shaft member 4 and the rotation of
the output shaft member 5 are synchronized with each
other, the lock sleeve 8 is moved to the second position
by the urging force of the first springs 80. Thus, the input
shaft member 4 and the output shaft member 5 are con-
nected so as to be non-rotatable relative to each other
by the lock sleeve 8.
[0061] After the input shaft member 4 and the output
shaft member 5 are connected to each other by the lock
sleeve 8, the magnetic resistance of the magnetic path
M extending over the holder 61, the friction mechanism
7, and the pressing member 90 decreases. Further, be-
cause the urging force applied to the pressing member
90 by the first springs 80 decreases, the input shaft mem-
ber 4 and the output shaft member 5 are kept connected
to each other by supplying, to the electromagnetic coil 6,
a current required to hold the lock sleeve 8 at the second
position. This makes it possible to make the current that
is supplied to the electromagnetic coil 6 smaller than that
in the case where the rotational speeds of the output
shaft member 5 and the propeller shaft 2 are increased
by the force of friction between the first friction member
70 and the second friction member 71.
[0062] In other words, the value of the current applied
to the electromagnetic coil 6 to hold the lock sleeve 8 at
the second position is smaller than the maximum value
of the current applied to the electromagnetic coil 6 to
move the lock sleeve 8 from the first position to the sec-
ond position. In this case, if the current that is applied to
the electromagnetic coil 6 is pulse current, the maximum
value of the current value signifies a mean current value
in a state where the duty ratio, which is the ratio of the
time during which the current is applied to the time during
which the current is not applied, is the largest.
[0063] In the state where the input shaft member 4 and
the output shaft member 5 are connected to each other
by the lock sleeve 8, the driving force that is transmitted
to the rear wheels 205R, 205L is adjusted by increasing
or decreasing the current that is supplied from the ECU
10 to the electromagnetic coil 104 of the torque coupling
100.
[0064] In order to cancel the four-wheel-drive mode to
switch the four-wheel-drive vehicle 200 to the two-wheel-
drive mode, the supply of the current to the electromag-
netic coil 6 is interrupted. Thus, the electromagnetic force
is no longer generated by the electromagnetic coil 6, and
the pressing member 90 is moved away from the second
friction member 71 in the axial direction by the restoring
force of the second springs 94. In accordance with this,
the lock sleeve 8 moves from the second position to the
first position, and the input shaft member 4 and the output
shaft member 5 are disconnected from each other.
[0065] The present embodiment described above pro-
duces the following advantageous effects.
[0066] (1) When the drive mode is switched from the
two-wheel-drive mode to the four-wheel-drive mode, the
rotational speeds of the output shaft member 5 and the
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propeller shaft 2 are increased by the driving force trans-
mitted from the input shaft member 4 to the friction mech-
anism 7. Thus, it is possible to synchronize the rotation
of the input shaft member 4 and the rotation of the output
shaft member 5 with each other even if there is a differ-
ence in rotational speed between the front wheels 204R,
204L and the rear wheels 205R, 205L. Therefore, even
if the need for switching the drive mode from the two-
wheel-drive mode to the four-wheel-drive mode arises,
for example, when the four-wheel-drive vehicle 200 is
making a turn on a low m road (road with a low friction),
it is possible to synchronize the rotation of the input shaft
member 4 and the rotation of the output shaft member 5
with each other with the use of the friction mechanism 7,
and to connect the input shaft member 4 and the output
shaft member 5 to each other with the use of the lock
sleeve 8.
[0067] (2) The tubular portion 91 of the pressing mem-
ber 90 is drawn toward the bottom of the recessed portion
72 of the second friction member 71 by the electromag-
netic force generated by the electromagnetic coil 6, and
the second friction member 71 is pressed against the first
friction member 70 by the urging force resulting from the
compressive deformation of the second springs 94. Ac-
cordingly, the second friction member 71 is pressed more
strongly against the first friction member 70, and there-
fore the force of friction between the first friction member
70 and the second friction member 71 increases. This
makes it possible to more promptly synchronize the ro-
tation of the input shaft member 4 and the rotation of the
output shaft member 5 with each other, thereby making
it possible to switch the drive mode to the four-wheel-
drive mode more promptly.
[0068] (3) The lock sleeve 8 is elastically pressed to-
ward the second position by the urging force of the first
springs 80. Thus, the lock sleeve 8 is automatically
moved to the second position when the rotation of the
input shaft member 4 and the rotation of the output shaft
member 5 are synchronized with each other. In other
words, there is no need to move the lock sleeve 8 by an
actuator, such as a solenoid, after the rotation of the input
shaft member 4 and the rotation of the output shaft mem-
ber 5 are synchronized with each other. As a result, it is
possible to simplify the configuration of the electromag-
netic clutch unit 3, thereby achieving reductions in size,
weight and cost of the electromagnetic clutch unit.
[0069] The electromagnetic clutch unit according to the
invention and the four-wheel-drive vehicle including the
electromagnetic clutch unit have been described with ref-
erence to the foregoing embodiment. However, the in-
vention is not limited to the foregoing embodiment and
may be implemented in various other embodiments with-
in the scope of the invention.
[0070] In the foregoing embodiment, the invention is
applied to the four-wheel-drive vehicle 200 in which the
front wheels 204R, 204L are the main drive wheels and
the rear wheels 205R, 205L are auxiliary drive wheels.
However, the vehicle to which the invention is applied is

not limited to the four-wheel-drive vehicle 200, and the
invention may be applied to a four-wheel-drive vehicle in
which the front wheels are auxiliary wheels and the rear
wheels are main drive wheels. In the foregoing embodi-
ment, the first friction member 70 is connected to the
output shaft member 5 and the second friction member
71 is connected to the input shaft member 4. Alternative-
ly, the first friction member 70 may be connected to the
input shaft member 4 and the second friction member 71
may be connected to the output shaft member 5.
[0071] According to the invention, even if the rotations
of the first rotary member and the second rotary member,
which are to be connected to each other such that driving
force is transmitted therebetween, are not synchronized
with each other, it is possible to synchronize the rotations
of the two rotary members with each other, thereby con-
necting the two rotary members to each other through
engagement.
[0072] An electromagnetic clutch unit includes: a fric-
tion mechanism including a first friction member and a
second friction member; a lock sleeve connected to an
input shaft member so as to be non-rotatable relative to
the input shaft member, and movable in an axial direction
of the electromagnetic clutch unit between a first position
at which the lock sleeve is engaged with only the input
shaft member and a second position at which the lock
sleeve is engaged with both an output shaft member and
the input shaft member; and a pressing member that con-
stitutes a magnetic path extending over the pressing
member and the second friction member, and that press-
es the lock sleeve with the electromagnetic force to move
the lock sleeve from the first position to the second po-
sition.

Claims

1. An electromagnetic clutch unit configured to connect
a first rotary member and a second rotary member,
which are rotatable relative to each other, such that
torque is transmitted between the first rotary member
and the second rotary member, the electromagnetic
clutch unit comprising:

an electromagnetic coil that generates electro-
magnetic force upon energization of the electro-
magnetic coil;
a friction mechanism including a first friction
member connected to the first rotary member
so as to be non-rotatable relative to the first ro-
tary member, and a second friction member con-
nected to the second rotary member so as to be
non-rotatable relative to the second rotary mem-
ber and frictionally engageable with the first fric-
tion member by the electromagnetic force;
a lock sleeve connected to the second rotary
member so as to be non-rotatable relative to the
second rotary member, and movable in an axial
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direction of the electromagnetic clutch unit be-
tween a first position at which the lock sleeve is
engaged with the second rotary member but is
not engaged with the first rotary member and a
second position at which the lock sleeve is en-
gaged with both the first rotary member and the
second rotary member; and
a pressing member that constitutes a magnetic
path extending over the pressing member and
the second friction member, and that presses
the lock sleeve with the electromagnetic force
to move the lock sleeve from the first position to
the second position.

2. The electromagnetic clutch unit according to claim
1, further comprising:

an elastic member interposed between the
pressing member and the second friction mem-
ber,
wherein urging force resulting from compressive
deformation of the elastic member caused by a
movement of the pressing member acts so as
to press the second friction member against the
first friction member.

3. The electromagnetic clutch unit according to claim
1 or 2, further comprising:

a pressing elastic member that is interposed be-
tween the pressing member and the lock sleeve
and that is compressively deformed by a move-
ment of the pressing member toward the first
rotary member,
wherein the lock sleeve receives, from the
pressing elastic member, urging force with
which the lock sleeve moves from the first posi-
tion to the second position.

4. The electromagnetic clutch unit according to any one
of claims 1 to 3, wherein:

an annular recessed portion that opens at an
opposite side of the second friction member from
the first friction member is formed in the second
friction member;
the pressing member has a tubular portion that
is at least partially housed in the recessed por-
tion; and
the magnetic path is formed between an inner
face of the recessed portion and an outer face
of the tubular portion.

5. A four-wheel-drive vehicle comprising:

the electromagnetic clutch unit according to any
one of claims 1 to 4;
a pair of right and left main drive wheels to which

driving force generated by a drive source is con-
stantly transmitted;
a main drive wheel-side differential unit that in-
cludes a pair of side gears connected respec-
tively to the right and left main drive wheels, and
a differential case that houses the side gears;
a pair of right and left auxiliary drive wheels to
which the driving force generated by the drive
source is transmitted depending on a travelling
state of the vehicle;
an auxiliary drive wheel-side differential unit that
includes a pair of side gears connected respec-
tively to the right and left auxiliary drive wheels,
and a differential case that houses the side
gears; and
a driving force transmission shaft that transmits
the driving force from the main drive wheel side
toward the auxiliary drive wheels,
wherein one rotary member out of the first rotary
member and the second rotary member is con-
nected to the differential case of the main drive
wheel-side differential unit, and the other rotary
member out of the first rotary member and the
second rotary member is connected to the driv-
ing force transmission shaft.

6. The four-wheel-drive vehicle according to claim 5,
further comprising:

an interrupting device that is able to interrupt
transmission of the driving force from the driving
force transmission shaft to the auxiliary drive
wheels.

7. A control method for the electromagnetic clutch unit
according to any one of claims 1 to 4, wherein a value
of a current for holding the lock sleeve at the second
position is smaller than a maximum value of a current
applied to the electromagnetic coil to move the lock
sleeve from the first position to the second position.

8. A control method for the four-wheel-drive vehicle ac-
cording to claim 5 or 6, wherein a value of a current
for holding the lock sleeve at the second position is
smaller than a maximum value of a current applied
to the electromagnetic coil to move the lock sleeve
from the first position to the second position.
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