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(54) DIFFERENTIAL DEVICE FOR 4-WHEEL-DRIVE VEHICLE

(57) A differential device (34) for a 4-wheel-drive ve-
hicle (10) wherein a portion of a drive force of a drive
power source (12) transmitted to left and right main drive
wheels (14) is transmitted to left and right auxiliary drive
wheels (16) through a propeller shaft (28) which is dis-
connectable from a power transmitting path between the
main drive wheels and the drive power source, the dif-
ferential device (34) being configured to distribute the
drive force from the propeller shaft to the left and right
auxiliary drive wheels, and to selectively connect and dis-
connect the propeller shaft and an output shaft (70) to
and from each other. The differential device includes a
side oil seal (154) disposed between the output shaft (70)
and a casing (74), a side bearing (104) disposed adjacent
to the side oil seal (154) in an axial direction of the output
shaft such that the output shaft is rotatably supported by
the casing (74) via the side bearing, and an oil slinger
(138) disposed axially adjacent to the side bearing (104)
such that the oil slinger is rotated with the output shaft
(70).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates in general to a
differential device for a 4-wheel-drive vehicle, and more
particularly to a lubrication system of the differential de-
vice.

BACKGROUND OF THE INVENTION

[0002] There is known a 4-wheel-drive vehicle in which
a portion of a drive force to be transmitted from a drive
power source to left and right main drive wheels can be
transmitted to left and right auxiliary drive wheels through
a propeller shaft which is disconnectable from a power
transmitting path. A known differential device for such a
4-wheel-drive vehicle, which is configured to distribute
the drive force from the propeller shaft to the left and right
auxiliary drive wheels, is provided with a connecting/dis-
connecting mechanism for connecting and disconnecting
an input rotary member in the form of a ring gear of the
differential device and an output rotary member in the
form of an output shaft of the differential device to and
from each other. JP-2016-74370A discloses a rear-
wheel differential device which is provided with a con-
necting/disconnecting mechanism in the form of a posi-
tive clutch to connect and disconnect the ring gear and
the output shaft to and from each other, as needed, ac-
cording to a running state of the vehicle.

SUMMARY OF THE INVENTION

[0003] By the way, a side oil seal disposed between
the output shaft and a casing is conventionally lubricated
with a lubricant stirred up by the ring gear. While the
propeller shaft is disconnected from the power transmit-
ting path to cut power transmission between the ring gear
and the output shaft from each other, the ring gear is held
stationary, giving rise to a problem that the side oil seal
disposed between the output shaft and the casing cannot
be lubricated.
[0004] The present invention was made in view of the
background art described above. It is therefore an object
of the present invention to provide a differential device
for a 4-wheel-drive vehicle wherein a drive force is dis-
tributed from a propeller shaft to left and right auxiliary
drive wheels, which differential device can be lubricated
even while the propeller shaft is held stationary.
[0005] The object indicated above is achieved accord-
ing to the following modes of the present invention:

According to a first mode of the invention, there is
provided a differential device for a 4-wheel-drive ve-
hicle wherein a portion of a drive force of a drive
power source transmitted to left and right main drive
wheels is transmitted to left and right auxiliary drive
wheels through a propeller shaft which is disconnect-

able from a power transmitting path between the
main drive wheels and the drive power source, the
differential device being configured to distribute the
drive force from the propeller shaft to the left and
right auxiliary drive wheels, and to selectively con-
nect and disconnect the propeller shaft and an output
shaft to and from each other, the output shaft being
operatively connected to the left and right auxiliary
drive wheels, the differential device comprising: a
side oil seal disposed between the output shaft and
a casing; a side bearing disposed adjacent to the
side oil seal in an axial direction of the output shaft,
such that the output shaft is supported in a rotatable
manner by the casing via the side bearing; and an
oil slinger disposed axially adjacent to the side bear-
ing, such that the oil slinger is rotated with the output
shaft.

[0006] According to a second mode of the invention,
the differential device for the 4-wheel-drive vehicle (4-
wheel-drive vehicle differential device) according to the
first mode of the invention is configured such that the oil
slinger is disposed on one side of the side bearing remote
from the side oil seal, and such that the casing has oil
grooves formed in a surface thereof in contact with the
side bearing, such that the oil grooves extend in the axial
direction of the output shaft.
[0007] According to a third mode of the invention, the
4-wheel-drive vehicle differential device according to the
first or second mode of the invention is configured such
that the oil slinger takes the form of a disc having a radially
outer portion which is an elastic member.
[0008] According to a fourth mode of the invention, the
4-wheel-drive vehicle differential device according to the
third mode of the invention is configured such that the oil
slinger has an outside diameter larger than a smallest
one of inside diameters of an annular member within
which the oil slinger is moved when the oil slinger is in-
stalled in position.
[0009] According to a fifth mode of the invention, the
4-wheel-drive vehicle differential device according to any
one of the first through fourth modes of the invention is
configured such that the oil slinger has a radially inner
portion interposed between an inner race of the side bear-
ing and a spring, and the radially inner portion of the oil
slinger is held in pressing contact with the inner race of
the side bearing with a biasing force of the spring.
[0010] In the 4-wheel-drive vehicle differential device
according to the first mode of the invention, the oil slinger
is disposed axially adjacent to the side bearing, such that
the oil slinger is rotated with the output shaft. Accordingly,
the lubricant is stirred up by the rotating oil slinger, so
that the side oil seal is lubricated with the lubricant,
whereby the side oil seal is lubricated even while a ring
gear of the differential device is held stationary.
[0011] According to the second mode of the invention,
the 4-wheel-drive vehicle differential device is configured
such that the lubricant stirred up by the rotating oil slinger
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can be delivered to the side oil seal through the oil
grooves.
[0012] According to the third mode of the invention, the
4-wheel-drive vehicle differential device is configured
such that the radially outer portion of the oil slinger is an
elastic member, so that the oil slinger can be installed
owing to elastic deformation of its radially outer portion
even where the radially outer portion would otherwise
interfere with any member during installation of the oil
slinger.
[0013] According to the fourth mode of the invention,
the 4-wheel-drive vehicle differential device is configured
such that the oil slinger can be installed in position owing
to the elastic deformation of its radially outer portion when
the oil slinger is moved within the annular member during
its installation, even where the outside diameter of the
radially outer portion of the oil slinger is larger than the
smallest inside diameter of the annular member.
[0014] According to the fifth mode of the invention, the
4-wheel-drive vehicle differential device is configured
such that the radially inner portion of the oil slinger is held
in pressing contact with the inner race of the side bearing
by the biasing force of the spring, so that the oil slinger
can be rotated together with the inner race and the output
shaft as a unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a schematic view showing an arrangement
of a 4-wheel-drive vehicle according to one embod-
iment of this invention;
Fig. 2 is a cross sectional view of a rear-wheel drive
force distributing unit shown in Fig. 1;
Fig. 3 is an enlarged view of a portion of the rear-
wheel drive force distributing unit shown in Fig. 2, in
which a side bearing for rotatably supporting an out-
put shaft is disposed;
Fig. 4 is an enlarged cross sectional view showing
in further enlargement a part of the portion of Fig. 3
in which the side bearing is disposed; and
Fig. 5 is a perspective view of an oil slinger shown
in Fig. 3.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENT

[0016] A preferred embodiment of this invention will be
described in detail by reference to the drawings. It is to
be understood that the drawings are simplified and trans-
formed as needed, and do not necessarily accurately rep-
resent the dimensions and shapes of various elements
of the embodiment.

EMBODIMENT

[0017] Reference is first made to Fig. 1, which is the

schematic view showing an arrangement of a 4-wheel-
drive vehicle 10 according to one embodiment of this
invention. As shown in Fig. 1, the 4-wheel-drive vehicle
10 is provided with a 4-wheel-drive power transmitting
system 17 (hereinafter referred to as "power transmitting
system 17") which is basically of an F-F type including:
a drive power source in the form of an engine 12; a first
power transmitting path through which a drive force of
the engine 12 is transmitted to main drive wheels in the
form of left and right front wheels 14L and 14R (herein-
after referred to as "front wheels 14", unless otherwise
specified); and a second power transmitting path through
which the drive force of the engine 12 is transmitted to
auxiliary drive wheels in the form of left and right wheels
16L and 16R (hereinafter referred to as "rear wheels 16",
unless otherwise specified). The power transmitting sys-
tem 17 is configured to transmit the drive force of the
engine 12 to the front wheels 14, and to transmit a portion
of the drive force of the engine 12 to the rear wheels 16
through a propeller shaft 28. With respect this 4-wheel-
drive vehicle 10 of the present invention, it is noted that
the engine 12 corresponds to the drive power source,
and the front wheels 14 correspond to the main drive
wheels while the rear wheels 16 correspond to the aux-
iliary drive wheels.
[0018] The power transmitting system 17 includes: an
automatic transmission 18; a front-wheel drive force dis-
tributing unit 20 configured to distribute the drive force of
the engine 12 to the left and right front wheels 14L and
14R; and a rear-wheel drive force distributing unit 34 con-
figured to distribute the drive force from the propeller shaft
28 to the left and right rear wheels 16L and 16R. When
the power transmitting system 17 is placed in a 2-wheel-
drive state, the drive force of the engine 12 is transmitted
through the first power transmitting path, namely, through
the automatic transmission 18, the front-wheel drive force
distributing unit 20 and left and right axles 22L and 22R
(hereinafter referred to as "axles 22", unless otherwise
specified), to the left and right front wheels 14L and 14R.
In the 2-wheel-drive state, the drive force of the engine
12 is not transmitted through the second power transmit-
ting path, namely, not transmitted to the propeller shaft
28 and the rear-wheel drive force distributing unit 34.
When the power transmitting system 17 is placed in a 4-
wheel-drive state, the drive force of the engine 12 is trans-
mitted through not only the first power transmitting path
but also the second power transmitting path, such that a
portion of the drive force of the engine 12 is transmitted
to the left and right rear wheels 16L and 16R through the
propeller shaft 28 and the rear-wheel drive force distrib-
uting unit 34 in addition to the front wheels 14. It is noted
that a torque converter, a clutch or any other fluid-oper-
ated power transmitting device (not shown in Fig. 1) is
disposed between the engine 12 and the automatic trans-
mission 18. It is noted that the rear-wheel drive force
distributing unit 34 corresponds to the differential device
for the 4-wheel-drive vehicle of the present invention.
[0019] Examples of the automatic transmission 18 in-
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clude: a step-variable automatic transmission which has
a plurality of planetary gear sets and a plurality of frictional
coupling devices (clutches and brakes) and which is shift-
ed to a selected one of speed positions with selective
engaging actions of the frictional coupling devices; a
step-variable automatic transmission of a permanent-
meshing parallel-axes type which is shifted to a selected
one of speed positions with operations of a shift actuator
and a select actuator; and a continuously variable trans-
mission a speed ratio of which is continuously variable
with controlled changes of effective diameters of a pair
of variable-diameter pulleys which are connected to each
other through a transmission belt and the effective diam-
eters of which are variable. Since the automatic trans-
mission 18 is known in the art, its construction and op-
eration will not be further described in detail.
[0020] The front-wheel drive force distributing unit 20
includes a front-wheel differential mechanism 23 and a
transfer 24 which are disposed rotatably about the axles
22 for the front wheels 14. The front-wheel differential
mechanism 23 is a well known differential gear device
having a ring gear 23r meshing with an output gear 18a
of the automatic transmission 18, a differential casing
23c rotating together with the ring gear 23r about an axis
C1 of the axles 22, and a differential mechanism 23d
consisting of bevel gears accommodated within the dif-
ferential casing 23c. When a rotary motion of the output
gear 18a of the automatic transmission 18 is transmitted
to the differential mechanism 23d through the ring gear
23r and the differential casing 23c, the rotary motion is
transmitted to the left and right axles 22L and 22R while
a difference between rotating speeds of the axles 22R
and 22L is permitted. The differential casing 23c is
splined to an input rotary member 40 of the transfer 24,
at its one axial end in the direction of its axis C1.
[0021] The transfer 24 includes the input rotary mem-
ber 40 rotated with the differential casing 23c about the
axis C1, an output rotary member 42 operatively con-
nected to the propeller shaft 28, and a first positive clutch
44 configured to connect and disconnect the input rotary
member 40 and the output rotary member 42 to and from
each other. When the first positive clutch 44 is placed in
a released state, the input rotary member 40 and the
output rotary member 42 are disconnected from each
other, so that the drive force of the engine 12 is not trans-
mitted to the propeller shaft 28 and the rear-wheel drive
force distributing unit 34. Namely, the propeller shaft 28
is disconnected from a power transmitting path between
the front wheels 14 and the rear wheels 16, in the re-
leased state of the first positive clutch 44. When the first
positive clutch 44 is placed in an engaged state, on the
other hand, the input rotary member 40 and the output
rotary member 42 are connected to each other, so that
a portion of the drive force of the engine 12 is distributed
to the rear wheels 16 through the propeller shaft 28 and
the rear-wheel drive force distributing unit 34. That is, the
front-wheel drive force distributing unit 20 and the rear-
wheel drive force distributing unit 34 are connected to

each other by the propeller shaft 28.
[0022] The input rotary member 40 is a cylindrical
member disposed radially outwardly of the axle 22R, and
is rotatable about the axis C1 coaxial with the axle 22R.
The input rotary member 40 is splined at its one axial end
in the direction of the axis C1, to the differential casing
23c of the front-wheel differential mechanism 23. The
first positive clutch 44 has external teeth 48 formed at
the other axial end of the input rotary member 40 in the
direction of the axis C1.
[0023] The output rotary member 42 is a cylindrical
member disposed radially outwardly of the input rotary
member 40, and is rotatable about the axis C1 coaxial
with the axle 22R. The output rotary member 42 has a
ring gear 46 which is formed at its one axial end in the
direction of the axis C1 and which is held in meshing
engagement with a driven pinion 26 connected to one
end of the propeller shaft 28. The first positive clutch 44
also has external teeth 50 formed at the other axial end
of the output rotary member 42 in the direction of the axis
C1.
[0024] The first positive clutch 44 is a connecting/dis-
connecting device for selectively connecting and discon-
necting the input rotary member 40 and the output rotary
member 42 to and from each other. The first positive
clutch 44 includes: the input rotary member 40 on which
the external teeth 48 are formed; the output rotary mem-
ber 42 on which the external teeth 50 are formed; a cy-
lindrical sleeve 52 having internal teeth 58 which are held
in meshing engagement with the external teeth 48 and
which are engageable also with the external teeth 50 as
a result of a movement of the cylindrical sleeve 52 in the
direction of the axis C1; and a clutch actuator 54 provided
to generate a thrust force for moving the sleeve 52 in the
direction of the axis C1. The clutch actuator 54 is an elec-
trically controllable actuator incorporating a solenoid coil.
The first positive clutch 44 is also provided with a syn-
chronizing mechanism (not shown) for synchronizing ro-
tary motions of the input and output rotary members 40
and 42 upon meshing engagement of the internal teeth
58 with the external teeth 50. It is noted that Fig. 1 shows
the first positive clutch 44 placed in its released state.
When the sleeve 52 is moved in the direction of the axis
C1 toward the left front wheel 14L (i.e., in the leftward
direction as seen in Fig. 1), the first positive clutch 44
which has been placed in the released state is brought
into its engaged state in which the external teeth 50 and
the internal teeth 58 mesh with each other, so that the
input and output rotary members 40 and 42 are connect-
ed to each other.
[0025] The rear-wheel drive force distributing unit 34
is disposed in a power transmitting path from the propeller
shaft 28 to the left and right rear wheels 16L and 16R,
and functions to distribute the drive force from the pro-
peller shaft 28 to the left and right rear wheels 16 and
also to connect and disconnect the propeller shaft 28 and
an output shaft 70 (described below) to and from each
other. The rear-wheel drive force distributing unit 34 in-
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cludes a second positive clutch 62 for selectively con-
necting and disconnecting the propeller shaft 28 and the
output shaft 70 to and from each other, and a left coupling
64L and a right coupling 64R in the form of electronically
controlled couplings for controlling torques to be trans-
mitted from the output shaft 70 to the respective left and
right rear wheels 16L and 16R. The left coupling 64L is
disposed between the output shaft 70 and the left axle
36L, while the right coupling 64R is disposed between
the output shaft 70 and the right axle 36R. A proportion
of the torques to be distributed to the left and right rear
wheels 16 is adjusted by controlling torque capacities of
the left and right couplings 64L and 64R.
[0026] The rear-wheel drive force distributing unit 34
receives a drive force from a ring gear 68 meshing with
a drive pinion 30 connected to the propeller shaft 28. The
ring gear 68 is constituted by a bevel gear in the form of
a hypoid gear, for example.
[0027] The second positive clutch 62 is provided to se-
lectively connect and disconnect the ring gear 68 and the
output shaft 70 to and from each other. The second pos-
itive clutch 62 includes: a cylindrical portion 100 (de-
scribed below) connected to the ring gear 68 and having
internal teeth 66; a connecting/disconnecting sleeve 112
(described below and shown in Fig. 2) which is splined
to the output shaft 70 splined at its opposite ends to a
clutch drum 60L and a clutch drum 60R (hereinafter re-
ferred to as "clutch drums 60", unless otherwise speci-
fied), and which has external teeth 78 engageable with
the internal teeth 66; and a switching mechanism 116
configured to move the connecting/disconnecting sleeve
112 in the direction of an axis C2 of the output shaft 70
(hereinafter referred simply as "direction of the axis C2"),
to selectively place the second positive clutch 62 in its
engaged state in which the external teeth 78 and the
internal teeth 66 are held in meshing engagement with
each other, and in its released state in which the external
teeth 78 and the internal teeth 66 are not held in meshing
engagement with each other.
[0028] In a 2-wheel-drive state of the 4-wheel-drive ve-
hicle 10 constructed as described above, the first positive
clutch 44 and the second positive clutch 62 are both
placed in their released states, so that the transfer 24
and the propeller shaft 28 are disconnected from each
other, while the propeller shaft 28 and the output shaft
70 are disconnected from each other. At this time, no
drive force is transmitted to the propeller shaft 28, so that
the propeller shaft 28 is held stationary. Accordingly, the
propeller shaft 28 is prevented from being rotated with
the rear wheels 16 in the 2-wheel-drive state and thus,
fuel efficiency is improved. In a 4-wheel-drive state of the
vehicle 10, the first positive clutch 44 and the second
positive clutch 62 are both placed in their engaged states,
so that the drive force of the engine 12 is transmitted to
the rear-wheel drive force distributing unit 34 through the
transfer 24 and the propeller shaft 28, and is suitably
distributed to the left and right rear wheels 16 according
to the torque capacities of the left and right couplings 64L

and 64R.
[0029] Reference is now made to Fig. 2, which is the
cross sectional view of the rear-wheel drive force distrib-
uting unit 34 shown in Fig. 1. As shown in Fig. 2, the rear-
wheel drive force distributing unit 34 is disposed within
a casing 74 and around the axis C2. The rear-wheel drive
force distributing unit 34 includes: the second positive
clutch 62 disposed between the drive pinion 30 connect-
ed to the propeller shaft 28, and the output shaft 70; the
left coupling 64L disposed between the output shaft 70
and the left axle 36L; and the right coupling 64R disposed
between the output shaft 70 and the right axle 36R.
[0030] The left coupling 64L includes: the clutch drum
60L splined to the output shaft 70; a clutch hub 80L
splined to the left axle 36L; main frictional coupling ele-
ments 82L disposed between the clutch drum 60L and
the clutch hub 80L; and a pressing mechanism 84L pro-
vided to press the main frictional coupling elements 82L
against each other.
[0031] The clutch drum 60L is a stepped cylindrical
member which is closed at one of its opposite axial ends
and which is disposed rotatably about the axis C2. De-
scribed more specifically, the clutch drum 60L has a
small-diameter portion 61L on the side of the closed axial
end (on the side of the right axle 36R in the direction of
the axis C2), and a large-diameter portion 63L on the
side of the open axial end (on the side of the left axle 36L
in the direction of the axis C2). The large-diameter portion
63L has a larger diameter than the small-diameter portion
61L. The small-diameter portion 61L is disposed radially
inwardly of the output shaft 70, and is splined on its outer
circumferential surface to the inner circumferential sur-
face of the output shaft 70. Accordingly, the clutch drum
60L and the output shaft 70 are rotated about the axis
C2 together with each other as a unit. The large-diameter
portion 63L is disposed so as to surround the main fric-
tional coupling elements 82L and the pressing mecha-
nism 84L.
[0032] The clutch hub 80L is a cylindrical member dis-
posed rotatably about the axis C2, and is splined on its
inner circumferential surface to the left axle 36L, so that
the clutch hub 80L and the left axle 36L are rotated to-
gether with each other as a unit.
[0033] The main frictional coupling elements 82L and
the pressing mechanism 84L are accommodated within
a space formed between the large-diameter portion 63L
of the clutch drum 60L and the clutch hub 80L. The main
frictional coupling elements 82L consist of a plurality of
outer friction plates splined to the inner circumferential
surface of the large-diameter portion 63L, and a plurality
of inner friction plates splined to the outer circumferential
surface of the clutch hub 80L. The outer friction plates
and the inner friction plates are alternately disposed ad-
jacent to each other.
[0034] The pressing mechanism 84L includes: a first
cam member 86L functioning as a piston for pressing the
main frictional coupling elements 82L against each other;
a second cam member 88L; a plurality of balls 90L inter-
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posed between the first cam member 86L and the second
cam member 88L; auxiliary frictional coupling elements
92L disposed radially outwardly of the second cam mem-
ber 88L; an armature 94L, a solenoid coil 96L and a hous-
ing 98L which are disposed adjacent to the auxiliary fric-
tional coupling elements 92L in the direction of the axis
C2.
[0035] The first cam member 86L takes the form of a
disc which is splined at its radially inner portion to the
clutch hub 80L, and the radially outer portion of which is
adjacent to the main frictional coupling elements 82L in
the direction of the axis C2. The first cam member 86L
has a plurality of ball retainer grooves formed in its sur-
face facing the second cam member 88L in the direction
of the axis C2. The balls 90L are partially accommodated
in the ball retainer grooves.
[0036] The second cam member 88L is an annular
member slidably fitted at its radially inner portion on the
outer circumferential surface of the clutch hub 80L. The
second cam member 88L has a plurality of ball retainer
grooves formed in its surface facing the first cam member
86L in the direction of the axis C2. The balls 90L are
partially accommodated in these ball retainer grooves. A
radially inner friction plate of the auxiliary frictional cou-
pling elements 92L is splined to the outer circumferential
surface of the second cam member 88L.
[0037] The balls 90L are interposed and sandwiched
between the ball retainer grooves formed in the first cam
member 86L and the ball retainer grooves formed in the
second cam member 88L, such that the balls 90L are
partly accommodated in those ball retainer grooves. The
ball retainer grooves are formed in the circumferential
direction of the first and second cam members 86L and
88L, over a part of the circumference of each cam mem-
ber 86L, 88L, such that the depth of each ball retainer
groove decreases in the directions towards its opposite
ends. When rotating speeds of the first and second cam
members 86L and 88L have a difference, the balls 90L
are moved toward one of the opposite ends of the ball
retainer grooves, so that the balls 90L force the first and
second cam members 86L and 88L so as to be moved
away from each other in the opposite directions of the
axis C2.
[0038] The auxiliary frictional coupling elements 92L
consist of the radially inner friction plate in the form of a
disc splined to the outer circumferential surface of the
second cam member 88L, and radially outer friction
plates in the form of discs splined to the inner circumfer-
ential surface of the large-diameter portion 63L of the
clutch drum 60L. These inner and outer friction plates
are alternately disposed adjacent to each other.
[0039] The armature 94L takes the form of a disc which
is disposed adjacent to the auxiliary frictional coupling
elements 92L in the direction of the axis C2. The armature
94L is splined on its outer circumferential surface to the
inner circumferential surface of the large-diameter por-
tion 63L of the clutch drum 60L. The solenoid coil 96L is
fixed to the casing 74 so that the solenoid coil 96L is

rotated with the casing 74.
[0040] In the left coupling 64L constructed as de-
scribed above, the torque capacities of the auxiliary fric-
tional coupling elements 92L and the main frictional cou-
pling elements 82L are zero while the solenoid coil 96L
is placed in a de-energized state without application of
an electric current thereto. Accordingly, a drive force is
not transmitted from the clutch drum 60L to the clutch
hub 80L, so that the drive force of the engine 12 is not
transmitted to the rear wheel 16L.
[0041] When the solenoid coil 96L is energized with an
electric current applied thereto, on the other hand, a mag-
netic flux is generated around the solenoid coil 96L, so
that the armature 94L is attracted toward the auxiliary
frictional coupling elements 92L, so that the armature
94L presses the auxiliary frictional coupling elements 92L
against each other. Accordingly, the auxiliary frictional
coupling elements 92L have a torque capacity, so that
the front and rear wheels 14 and 16 have a difference
between their rotating speeds, whereby the first and sec-
ond cam members 86L and 88L have a difference be-
tween their rotating speeds, and the balls 90L press the
first cam member 86L toward the main friction coupling
elements 82L, so that the first cam member 86L is moved
toward the main friction coupling elements 82L, to press
the main friction coupling elements 82L against each oth-
er. As a result, the main friction coupling elements 82L
have a torque capacity, so that a drive force is transmitted
from the clutch drum 60L to the clutch hub 80L through
the main frictional coupling elements 82L. As the amount
of electric current applied to the solenoid coil 96L increas-
es, a force of attraction of the armature 94L increases,
and the difference between the rotating speeds of the
first and second cam members 86L and 88L increases,
so that a force of the first cam member 86L to press the
main frictional coupling elements 82L against each other
increases. Accordingly, the torque capacity of the main
frictional coupling elements 82L and the drive force to be
transmitted from the clutch drum 60L to the clutch hub
80L through the main frictional coupling elements 82L
increase with an increase of the amount of electric current
applied to the solenoid coil 96L.
[0042] The right coupling 64R includes: the clutch drum
60R splined to the output shaft 70; a clutch hub 80R
splined to the right axle 36R; main frictional coupling el-
ements 82R disposed between the clutch drum 60R and
the clutch hub 80R; and a pressing mechanism 84R pro-
vided to press the main frictional coupling elements 82R
against each other.
[0043] The clutch drum 60R is a stepped cylindrical
member which is closed at one of its opposite axial ends
and which is disposed rotatably about the axis C2. De-
scribed more specifically, the clutch drum 60R has a
small-diameter portion 61R on the side of the closed axial
end (on the side of the left axle 36L in the direction of the
axis C2), and a large-diameter portion 63R on the side
of the open axial end (on the side of the right axle 36R
in the direction of the axis C2). The large-diameter portion

9 10 



EP 3 357 732 A1

7

5

10

15

20

25

30

35

40

45

50

55

63R has a larger diameter than the small-diameter por-
tion 61R. The small-diameter portion 61R is disposed
radially inwardly of the output shaft 70, and is splined on
its outer circumferential surface to the inner circumfer-
ential surface of the output shaft 70. Accordingly, the
clutch drum 60R and the output shaft 70 are rotated about
the axis C2 together with each other as a unit. The large-
diameter portion 63R is disposed so as to surround the
main frictional coupling elements 82R and the pressing
mechanism 84R.
[0044] The clutch hub 80R is a cylindrical member dis-
posed rotatably about the axis C2, and is splined on its
inner circumferential surface to the right axle 36R, so that
the clutch hub 80R and the right axle 36R are rotated
together with each other as a unit.
[0045] The main frictional coupling elements 82R and
the pressing mechanism 84R are accommodated within
a space formed between the large-diameter portion 63R
of the clutch drum 60R and the clutch hub 80R. The main
frictional coupling elements 82R consist of a plurality of
outer friction plates splined to the inner circumferential
surface of the large-diameter portion 63R, and a plurality
of inner friction plates splined to the outer circumferential
surface of the clutch hub 80R. The outer friction plates
and the inner friction plates are alternately disposed ad-
jacent to each other.
[0046] The pressing mechanism 84R includes: a first
cam member 86R functioning as a piston for pressing
the main frictional coupling elements 82R against each
other; a second cam member 88R; a plurality of balls
90R interposed between the first cam member 86R and
the second cam member 88R; auxiliary frictional coupling
elements 92R disposed radially outwardly of the second
cam member 88R; an armature 94R, a solenoid coil 96R
and a housing 98R which are disposed adjacent to the
auxiliary frictional coupling elements 92R in the direction
of the axis C2.
[0047] The first cam member 86R takes the form of a
disc which is splined at its radially inner portion to the
clutch hub 80R, and the radially outer portion of which is
adjacent to the main frictional coupling elements 82R in
the direction of the axis C2. The first cam member 86R
has a plurality of ball retainer grooves formed in its sur-
face facing the second cam member 88R in the direction
of the axis C2. The balls 90R are accommodated in the
ball retainer grooves.
[0048] The second cam member 88R is an annular
member slidably fitted at its radially inner portion on the
outer circumferential surface of the clutch hub 80R. The
second cam member 88R has a plurality of ball retainer
grooves formed in its surface facing the first cam member
86R in the direction of the axis C2. The balls 90R are
partially accommodated in these ball retainer grooves. A
radially inner friction plate of the auxiliary frictional cou-
pling elements 92R is splined to the outer circumferential
surface of the second cam member 88R.
[0049] The balls 90R are disposed between the ball
retainer grooves formed in the first cam member 86R and

the ball retainer grooves formed in the second cam mem-
ber 88R, such that the balls 90R are partly accommodat-
ed in those ball retainer grooves. The ball retainer
grooves are formed in the circumferential direction of the
first and second cam members 86R and 88R, over a part
of the circumference of each cam member 86R, 88R,
such that the depth of each ball retainer groove decreas-
es in the directions towards its opposite ends. When ro-
tating speeds of the first and second cam members 86R
and 88R have a difference, the balls 90R are moved to-
ward one of the opposite ends of the ball retainer grooves,
so that the balls 90R force the first and second cam mem-
bers 86R and 88R so as to be moved away from each
other in the opposite directions of the axis C2.
[0050] The auxiliary frictional coupling elements 92R
consist of the radially inner friction plate in the form of a
disc splined to the outer circumferential surface of the
second cam member 88R, and radially outer friction
plates in the form of discs splined to the inner circumfer-
ential surface of the large-diameter portion 63R of the
clutch drum 60R. These inner and outer friction plates
are alternately disposed adjacent to each other.
[0051] The armature 94R takes the form of a disc which
is disposed adjacent to the auxiliary frictional coupling
elements 92R in the direction of the axis C2. The arma-
ture 94R is splined on its outer circumferential surface to
the inner circumferential surface of the large-diameter
portion 63R of the clutch drum 60R. The solenoid coil
96R is fixed to the casing 74 so that the solenoid coil 96R
is rotated with the casing 74.
[0052] In the right coupling 64R constructed as de-
scribed above, the torque capacities of the auxiliary fric-
tional coupling elements 92R and the main frictional cou-
pling elements 82R are zero while the solenoid coil 96R
is placed in a de-energized state without application of
an electric current thereto. Accordingly, a drive force is
not transmitted from the clutch drum 60R to the clutch
hub 80R, so that the drive force of the engine 12 is not
transmitted to the rear wheel 16R.
[0053] When the solenoid coil 96R is energized with
application of an electric current thereto, on the other
hand, a magnetic flux is generated around the solenoid
coil 96R, so that the armature 94R is attracted toward
the auxiliary frictional coupling elements 92R, so that the
armature 94R presses the auxiliary frictional coupling el-
ements 92R against each other. Accordingly, the auxil-
iary frictional coupling elements 92R have a torque ca-
pacity, so that the front and rear wheels 14 and 16 have
a difference between their rotating speeds, whereby the
first and second cam members 86R and 88R have a dif-
ference between their rotating speeds, and the balls 90R
press the first cam member 86R toward the main friction
coupling elements 82R, so that the first cam member
86R is moved toward the main friction coupling elements
82R, to press the main friction coupling elements 82R
against each other. As a result, the main friction coupling
elements 82R have a torque capacity, so that a drive
force is transmitted from the clutch drum 60R to the clutch
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hub 80R through the main frictional coupling elements
82R. As the amount of electric current applied to the so-
lenoid coil 96R increases, a force of attraction of the ar-
mature 94R increases, and the difference between the
rotating speeds of the first and second cam members
86R and 88L increases, so that a force of the first cam
member 86R to press the main frictional coupling ele-
ments 82R against each other increases. Accordingly,
the torque capacity of the main frictional coupling ele-
ments 82R and the drive force to be transmitted from the
clutch drum 60R to the clutch hub 80R through the main
frictional coupling elements 82R increase with an in-
crease of the amount of electric current applied to the
solenoid coil 96R.
[0054] The second positive clutch 62 is a connect-
ing/disconnecting clutch for selectively connecting and
disconnecting the ring gear 68 meshing with the drive
pinion 30, and the output shaft 70 splined to the clutch
drums 60, to and from each other. The ring gear 68 has
the cylindrical portion 100 extending in the direction of
the axis C2, and is supported by a double-row angular
ball bearing 102 at its cylindrical portion 100, rotatably
about the axis C2. The output shaft 70 is a cylindrical
member supported by the casing 74 at its opposite axial
end portions via respective side bearings 104 and 106,
rotatably about the axis C2.
[0055] The second positive clutch 62 is placed in the
engaged state when the connecting/disconnecting
sleeve 112 is located in its connecting position in which
the internal teeth 66 of its cylindrical portion 100 are held
in meshing engagement with the external teeth 78 of the
connecting/disconnecting sleeve 112, and is placed in
the released state when the connecting/disconnecting
sleeve 112 is located in its disconnecting position in which
the internal teeth 66 are not held in meshing engagement
with the external teeth 78. It is noted that Fig. 2 shows
the connecting/disconnecting sleeve 112 placed in its
disconnecting position.
[0056] The switching mechanism 116 includes: a first
cam member 118 disposed such that the first cam mem-
ber 118 is rotated with the output shaft 70 and is movable
relative to the output shaft 70 in the direction of the axis
C2; a second cam member 120 disposed adjacent to the
first cam member 118 in the direction of the axis C2; a
plurality of balls 122 interposed between the first and
second cam members 118 and 120; an annular member
124 which is L-shaped in an axial cross section and which
is disposed radially outwardly of the second cam member
120 and fitted at its inner circumferential surface on the
second cam member 120 such that the annular member
124 is rotated with the second cam member 120; a mov-
able member 126 in the form of a disc splined on its inner
circumferential surface to the outer circumferential sur-
face of the annular member 124; a friction plate 127 hav-
ing a disc shape and disposed adjacent to the movable
member 126 in the direction of the axis C2 and splined
on its outer circumferential surface to the casing 74; a
solenoid coil 128 disposed on one side of the friction plate

127 remote from the movable member 126 in the direc-
tion of the axis C2; a piston 130 movable by the first cam
member 118 in the direction of the axis C2; a synchro-
nizer ring 132 held in abutting contact with the piston 130
via a thrust bearing and splined on its inner circumferen-
tial surface to the output shaft 70; a holder 134 disposed
between the piston 130 and the first cam member 118;
a spring 135 interposed between the holder 134 and the
first cam member 118 and biasing the first cam member
118 toward the second cam member 120 in the direction
of the axis C2; a spring 136 interposed between the side
bearing 104 and the connecting/disconnecting sleeve
112; and a synchronizing mechanism 137 disposed be-
tween the synchronizer ring 132 and the ring gear 68.
[0057] The first cam member 118 is a cylindrical mem-
ber which is splined on its inner circumferential surface
to the output shaft 70 such that the first cam member 118
is rotated with the output shaft 70 and is movable relative
to the output shaft 70 in the direction of the axis C2. The
first cam member 118 has ball retainer grooves formed
in its surface on the side of the second cam member 120
in the direction of the axis C2. The balls 122 are partially
accommodated in the ball retainer grooves. The first cam
member 118 has a cylindrical portion on its axial side
remote from the second cam member 120 in the direction
of the axis C2. This cylindrical portion extends in the di-
rection of the axis C2, and comes into pressing contact
at its axial end with the piston 130 when the first cam
member 118 is moved in the direction of the axis C2 away
from the second cam member 120.
[0058] The second cam member 120 is an annular
member which is slidably fitted on its inner circumferential
surface on the outer circumferential surface of the output
shaft 70. The second cam member 120 has spline teeth
splined on its outer circumferential surface to the annular
member 124. The second cam member 120 has ball re-
tainer grooves formed in its surface on the side of the
first cam member 118 in the direction of the axis C2. The
balls 122 are partially accommodated in the ball retainer
grooves.
[0059] The plurality of balls 122 are interposed and
sandwiched between the first and second cam members
118 and 120. Described more specifically, the balls 122
are partly accommodated in the ball retainer grooves
formed in the first and second cam members 118 and
120. These ball grooves are formed in the circumferential
direction of the first and second cam members 118 and
120, over a part of the circumference of each cam mem-
ber 118, 120, such that the depth of each ball retainer
groove decreases in the directions towards its opposite
ends. When the first and second cam members 118 and
120 are rotated relative to each other, the balls 122 are
moved toward one of the opposite ends of the ball retainer
grooves, so that the balls 122 force the first and second
cam members 118 and 120 so as to be moved away from
each other in the opposite directions of the axis C2.
[0060] The annular member 124 is an annular member
which is L-shaped in an axial cross section, and which
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is splined on its inner circumferential surface to the sec-
ond cam member 120 so that the annular member 124
is rotated together with the second cam member 120.
The movable member 126 takes the form of a disc which
is splined on its inner circumferential surface to the outer
circumferential surface of the annular member 124 so
that the movable member 126 is rotated together with
the annular member and is axially movable relative to
the annular member 124 in the direction of the axis C2.
The friction plate 127 is disposed between the movable
member 126 and the solenoid coil 128 in the direction of
the axis C2, and is splined on its outer circumferential
surface to the casing 74 so that the friction plate 127 is
held stationary while it is movable in the direction of the
axis C2.
[0061] The solenoid coil 128 is disposed adjacent to
the friction plate 127 in the direction of the axis C2, and
is fixed to the casing 74 so that it is not rotatable. When
the solenoid coil 128 is energized with an electric current
applied thereto, magnetic flux is generated and the mov-
able member 126 is attracted toward the solenoid coil
128. As a result, a frictional force is generated between
the movable member 126 and the friction plate 127, so
that rotating speeds of the movable member 126, annular
member 124 and second cam member 120 are reduced
or zeroed.
[0062] The piston 130 is an annular member slidably
fitted on its inner circumferential surface on the output
shaft 70. The piston 130 has a tooth formed on its end
face opposed to the holder 134 in the direction of the axis
C2, such that this tooth is engageable with teeth formed
on the holder 134 as described below. The piston 130 is
pressed by the cylindrical portion of the first cam member
118 so that the piston 130 is moved in the direction of
the axis C2.
[0063] The synchronizer ring 132 is an annular mem-
ber splined on its inner circumferential surface to the out-
put shaft 70 so that the synchronizer ring 132 is rotated
together with the output shaft 70 and is movable relative
to the output shaft 70 in the direction of the axis C2. The
synchronizer ring 132 has a tapered outer circumferential
surface which slidably contacts a second friction member
(described below) of the synchronizing mechanism 137.
[0064] The synchronizing mechanism 137 which func-
tions to synchronize rotating speeds of the ring gear 68
and the output shaft 70 is disposed between the synchro-
nizer ring 132 and the ring gear 68. The synchronizing
mechanism 137 includes a first friction member having
a tapered outer circumferential surface which is held in
engagement with the synchronizer ring 132 for rotation
together with the synchronizer ring 132 and which slida-
bly contacts the inner circumferential surface of the ring
gear 68. The synchronizing mechanism 137 further in-
cludes the above-indicated second friction member
which is held in engagement with the ring gear 68 for
rotation together with the ring gear 68 and which slidably
contacts the tapered outer circumferential surface of the
synchronizer ring 132. These first and second friction

members slidably contact each other. When the piston
130 presses the synchronizer ring 132, there arise fric-
tional forces among a contact surface of the second fric-
tion member contacting the synchronizer ring 132, a con-
tact surface of the first friction member contacting the
ring gear 68, and a contact surfaces of the first and sec-
ond friction members contacting each other. These fric-
tional forces permit synchronization of the rotating
speeds of the ring gear 68 and the output shaft 70.
[0065] The holder 134 is an annular member which is
fixed on its outer circumferential surface to the output
shaft 70 such that the holder 134 is rotated together with
the output shaft 70 and is moved together with the output
shaft 70 in the direction of the axis C2. The holder 134
has the above-indicated teeth formed on its end face op-
posed to the piston 130 in the direction of the axis C2,
such that these teeth are engageable with the above-
indicated tooth of the piston 130. The teeth of the holder
134 are saw-teeth formed differently at intervals in its
circumferential direction. Namely, the saw-teeth of the
holder 134 consist of first and second teeth formed alter-
nately in its circumferential direction so that the first and
second teeth engage the tooth of the piston 130 to there-
by hold the piston 130 at different positions in the direction
of the axis C2. Described more specifically, when one of
the first teeth is held in engagement with the tooth of the
piston 130, the piston 130 (connecting/disconnecting
sleeve 112) is held at its axial position in which the ex-
ternal teeth 78 of the connecting/disconnecting sleeve
112 and the internal teeth 66 of the ring gear 68 are not
held in engagement with each other. When one of the
second teeth is held in engagement with the tooth of the
piston 130, the piston 130 (connecting/disconnecting
sleeve 112) is held at its axial position in which the ex-
ternal teeth 78 of the connecting/disconnecting sleeve
112 and the internal teeth 66 of the ring gear 68 are held
in engagement with each other. The tooth of the piston
130 and the teeth of the holder 134 have surfaces inclined
in the circumferential direction so that the movement of
the piston 130 by the first cam member 118 toward the
side bearing 104 in the direction of the axis C2 causes
releasing of the engagement of the tooth of the piston
130 with one of the first and second teeth of the holder
134, and subsequent reengagement of the tooth of the
piston 130 with the other of the first and second teeth of
the holder 134. Detailed description of geometric features
of the inclined surfaces of the teeth of the piston 130 and
the holder 134 is omitted since the geometric features
are known in the art.
[0066] The spring 136 is interposed between an inner
race 146 (shown in Fig. 3) of the side bearing 104 and
the connecting/disconnecting sleeve 112, and biases the
connecting/disconnecting sleeve 112, the synchronizer
ring 132 and the piston 130 toward the side bearing 106
in the direction of the axis C2. Accordingly, the tooth of
the piston 130 is held in engagement with one of the first
and second teeth of the holder 134 while the piston 130
is not pressed and moved by the first cam member 118
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in the direction of the axis C2.
[0067] In the switching mechanism 116 constructed as
described above, application of an electric current to the
solenoid coil 128 causes generation of a magnetic flux,
and attraction of the movable member 126 toward the
solenoid coil 128. Accordingly, a frictional force is gen-
erated between the movable member 126 and the friction
plate 127, so that rotating speeds of the movable member
126, annular member 124 and second cam member 120
are reduced or zeroed. As a result, there arises a differ-
ence between the rotating speeds of the first cam mem-
ber 118 and the second cam member 120, so that the
first cam member 118 is pressed and moved by the balls
122 in the direction of the axis C2, and the piston 130 in
abutting contact with the first cam member 118 is moved
toward the side bearing 104 in the direction of the axis
C2, against a biasing force of the spring 136. The move-
ment of the piston 130 causes movements of the syn-
chronizer ring 132 and the connecting/disconnecting
sleeve 112 toward the side bearing 104 in the direction
of the axis C2 in synchronization with the moment of the
piston 130. In the process of the movement of the syn-
chronizer ring 132, a frictional force is generated in the
synchronizing mechanism 137, so that the rotating
speeds of the ring gear 68, the synchronizer ring 132,
the output shaft 70 and the connecting/disconnecting
sleeve 112 are synchronized with each other, with the
generated frictional force. At this time, the internal teeth
66 of the ring gear 68 and the external teeth 78 of the
connecting/disconnecting sleeve 112 are engageable
with each other. When the solenoid coil 128 is placed in
the de-energized state, the connecting/disconnecting
sleeve 112, the synchronizer ring 132 and the piston 130
are moved with the biasing force of the spring 136 toward
the side bearing 106 in the direction of the axis C2, and
the tooth of the piston 130 is brought into engagement
with the second tooth of the holder 134, for example, so
that the external teeth 78 of the connecting/disconnecting
sleeve 112 and the internal teeth 66 of the ring gear 68
are brought into engagement with each other. Accord-
ingly, the second positive clutch 62 is brought into its
engaged state, so that the ring gear 68 and the output
shaft 70 are rotated together with each other as a unit.
[0068] When the solenoid coil 128 is energized with
application of an electric current thereto while the second
positive clutch 62 is placed in the engaged state, the pis-
ton 130 is moved toward the side bearing 104 in the di-
rection of the axis C2, and the engagement of the tooth
of the piston 130 with the second tooth of the holder 134
is released. When the solenoid coil 128 is de-energized,
the piston 130 is moved with the biasing force of the
spring 136 toward the side bearing 106 in the direction
of the axis C2, and the tooth of the piston 130 is brought
into engagement with the first tooth of the holder 134, so
that the external teeth 78 of the connecting/disconnecting
sleeve 112 are brought into engagement with the internal
teeth 66 of the ring gear 68. Accordingly, the second pos-
itive clutch 62 is brought into its released state. Thus,

each time the solenoid coil 128 is energized and de-en-
ergized, the tooth of the piston 130 is alternately brought
into engagement with one and the other of the first and
second teeth of the holder 134, so that the second pos-
itive clutch 62 is alternately brought into its engaged and
released states.
[0069] Fig. 3 is the enlarged view of a portion of the
rear-wheel drive force distributing unit 34 shown in Fig.
2, in which the side bearing 104 for rotatably supporting
the output shaft 70 is disposed, and Fig. 4 is the enlarged
cross sectional view showing in further enlargement a
part of the portion of Fig. 3 in which the side bearing 104
is disposed.
[0070] As shown in Figs. 3 and 4, a side oil seal 154
is disposed adjacent to the side bearing 104 in the direc-
tion of the axis C2, and on one of the opposite sides of
the side bearing 104 remote from the spring 136 in the
direction of the axis C2. The side oil seal 154 is interposed
between the output shaft 70 and the casing 74 in the
radial direction, to prevent leakage of a lubricant from
between the output shaft 70 and the casing 74 while per-
mitting relative rotary motions of the output shaft 70 and
the casing 74. An oil slinger 138 which is rotated together
with the output shaft 70 is disposed adjacent to the side
bearing 104 in the direction of the axis C2, and on the
other side of the side bearing 104 remote from the side
oil seal 154. The oil slinger 138 includes a radially inner
portion 156 interposed between the inner race 146 of the
side bearing 104 and the spring 136. Described more
specifically, one of opposite surfaces of the radially inner
portion 156 of the oil slinger 138 which are opposite to
each other in the direction of the axis C2 is held in abutting
contact with an axial end face of the inner race 146 of
the side bearing 104, while the other surface of the radi-
ally inner portion 156 remote from the side bearing 104
in the direction of the axis C2 is held in abutting contact
with the spring 136 so that the radially inner portion 156
is held in pressing contact with the inner race 146 of the
side bearing 104 with the biasing force of the spring 136.
The oil slinger 138 is bent so as to further include a radially
outer portion 158 which is slightly spaced apart from the
side bearing 104 in the direction of the axis C2 when the
oil slinger 138 is installed in position. The inner race 146
is press-fitted on the output shaft 70 such that the inner
race 146 is rotated together with the output shaft 70.
Since the oil slinger 138 is held in pressing contact with
the inner race 146 under a biasing action of the spring
136, the oil slinger 138 is rotated together with the inner
race 146 and the output shaft 70. In this respect, it is
noted that generation of noises and vibrations (so-called
"NV phenomenon") that would take place due to direct
collision of the expanded and compressed spring 136
with the inner race 146 is reduced owing to indirect abut-
ting contact of the spring 136 with the side bearing 104
via the oil slinger 138.
[0071] The casing 74 has an inner circumferential sur-
face in contact with an outer race 148 of the side bearing
104, which has a plurality of oil grooves 150 extending
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in the direction of the axis C2. That is, the casing 74 has
a cylindrical retainer 152 extending in the direction of the
axis C2, and the outer race 148 is fitted in the retainer
152 such that an outer circumferential surface of the outer
race 148 is held in contact with an inner circumferential
surface of the retainer 152. The retainer 152 has the plu-
rality of oil grooves 150 formed in its inner circumferential
surface in contact with the outer circumferential surface
of the outer race 148, such that the oil grooves 150 extend
in the direction of the axis C2 and are arranged in cir-
cumferential direction, so as to cover an entire axial
length of the outer race 148 the outer circumferential sur-
face of which is in contact with the inner circumferential
surface of the retainer 152 (casing 74). That is, the oil
grooves 150 extend in the direction of the axis C2 along
the interface between the inner circumferential surface
of the retainer 152 (casing 74) and the outer circumfer-
ential surface of the outer race 148. Accordingly, the lu-
bricant can be delivered to the side oil seal 154 through
the oil grooves 150.
[0072] Fig. 5 is the perspective view of the oil slinger
138. The oil slinger 138 takes the form of a disc. The
radially inner portion 156 in the form of a disc in abutting
contact with the inner race 146 is formed of a ferrous
material, and the radially outer portion 158 is an elastic
member formed of a rubber material bonded to the radi-
ally inner portion 156 in the process of vulcanization of
the rubber material. As shown in Fig. 3, the oil slinger
138 has an outside diameter d1 which is larger than an
inside diameter d2 of the internal teeth 66 of the ring gear
68, which inside diameter d2 is equal to the inside diam-
eter of a portion of the ring gear 68 in which the first and
second friction members of the synchronizing mecha-
nism 137 are fitted. Namely, d1 > d2. It is noted that the
inside diameter d2 of the ring gear 68 is the smallest one
of inside diameters of the ring gear 68.
[0073] The oil slinger 138 is installed in position after
the ring gear 68 has been installed within the casing 74
as shown in Fig. 2. That is, the oil slinger 138 is moved
within the ring gear 68 in a leftward direction as seen in
Figs. 3 and 4. During this movement of the oil slinger
138, the radially outer portion 158 of the oil slinger 138
interferes with the ring gear 68. Since the radially outer
portion 158 of the oil slinger 138 is formed of a rubber
material, however, the oil slinger 138 can be moved within
the ring gear 68 and brought into its predetermined po-
sition of installation, while the radially outer portion 158
is elastically deformed so as to prevent an interference
of the radially outer portion 158 with the ring gear 68.
Therefore, the outside diameter d1 of the oil slinger 138
can be made larger than the inside diameter d2 of the
ring gear 68, so that the radially outer portion 158 having
the sufficiently large outside diameter d1 can be partly
immersed by a sufficient depth in a mass of the lubricant
staying within the rear-wheel drive force distributing unit
34, whereby the lubricant can be efficiently stirred up or
splashed with a rotary motion of the oil slinger 138. It is
noted that the ring gear 68 corresponds to an annular

member within which the oil slinger 138 is moved during
installation of the oil slinger 138, and that the inside di-
ameter d2 is a smallest value of inside diameters of the
annular member.
[0074] A function of the thus constructed oil slinger 138
will be described. In the 2-wheel-drive state of the vehicle
10, the first positive clutch 44 and the second positive
clutch 62 are both placed in their released states, to hold
the propeller shaft 28 stationary, for thereby preventing
reduction of fuel economy of the vehicle 10 due to rotation
of the propeller shaft 28 together with the rear wheels 16
in the 2-wheel-drive state. In this respect, it is noted that
while the propeller shaft 28 is held stationary, the ring
gear 68 is also held stationary. While the ring gear 68 is
rotated, the lubricant staying within the rear-wheel drive
force distributing unit 34 is delivered to the side oil seal
154 as a result of stirring of the lubricant by the rotating
ring gear 68. While the ring gear 68 is held stationary, on
the other hand, the lubricant cannot be delivered to the
side oil seal 154 by the stationary ring gear 68.
[0075] In the rear-wheel drive force distributing unit 34
according to the present embodiment, the oil slinger 138
is rotated even while the ring gear 68 is held stationary.
That is, the oil slinger 138 is rotated with the output shaft
70 to which rotary motions of the rear wheels 16 are trans-
mitted through the left and right axles 36L and 36R and
the left and right couplings 64L and 64R even while the
ring gear 68 is held stationary. The rotary motion of the
oil slinger 138 causes stirring of the lubricant within the
rear-wheel drive force distributing unit 34. The lubricant
stirred up by the oil slinger 138 is delivered to the side
oil seal 154 through the oil grooves 150 formed between
the casing 74 and the outer race 148 of the side bearing
104. Accordingly, the side oil seal 154 can be lubricated
with the lubricant stirred up by the oil slinger 138 even
while the ring gear 68 is held stationary in the released
states of the first and second positive clutches 44 and
62. In addition, the radially outer portion 158 of the oil
slinger 138 is formed of the rubber material, so that the
oil slinger 138 can be moved within the ring gear 68 during
installation of the oil slinger 138, in spite of the outside
diameter d1 of the oil slinger 138 larger than the inside
diameter d2 of the ring gear 68, so that the lubricant can
be sufficiently stirred up by the oil slinger 138 having the
sufficiently large outside diameter d1. Thus, the oil slinger
138 has not only a function of a shim for reducing the
vibrations and noises caused by the spring 136, but also
a function to stir up the lubricant. Even when the left and
right couplings 64L and 64R are placed in their released
states while the ring gear 68 is held stationary, rotary
motions of the rear wheels 16 are transmitted to the out-
put shaft 70, owing to a dragging torque generated by
the inner friction plates and the outer friction plates of the
main frictional coupling elements 82 which are rotated
relative to each other.
[0076] As described above, the present embodiment
is configured such that the oil slinger 138 is disposed
axially adjacent to the side bearing 104, such that the oil

19 20 



EP 3 357 732 A1

12

5

10

15

20

25

30

35

40

45

50

55

slinger 138 is rotated with the output shaft 70. Accord-
ingly, the lubricant within the rear-wheel drive force dis-
tributing unit 34 is stirred up by the rotating oil slinger
138, so that the side oil seal 154 is lubricated with the
lubricant, whereby the side oil seal 154 is lubricated even
while the ring gear 68 is held stationary.
[0077] The present embodiment is further configured
such that the lubricant stirred up by the rotating oil slinger
138 can be delivered to the side oil seal 154 through the
oil grooves 150. Further, the radially outer portion 158 of
the oil slinger 138 is formed of a rubber material, so that
the oil slinger 138 can be installed owing to elastic de-
formation of its radially outer portion 158 even where the
outside diameter of the radially outer portion 158 is larger
than the inside diameter of the ring gear 68. In addition,
the radially inner portion 156 of the oil slinger 138 is held
in pressing contact with the inner race 146 of the side
bearing 104 with the biasing force of the spring 136, so
that the oil slinger 138 can be rotated together with the
inner race 146 and the output shaft 70 as a unit.
[0078] While the preferred embodiment has been de-
scribed in detail by reference to the drawings, it is to be
understood that the invention may be otherwise embod-
ied.
[0079] In the illustrated embodiment, the oil grooves
150 are formed in the casing 74, so as to extend in the
direction of the axis C2. However, the oil grooves 150
need not be parallel to the axis C2. Further, the oil
grooves 150 may have any configuration, as long as the
oil grooves 150 are formed in one of mutually contacting
circumferential surfaces of the outer race 148 of the side
bearing 104 and the retainer 152 of the casing 74. Fur-
thermore, the plurality of oil grooves 150 may be replaced
by a single oil groove.
[0080] In the illustrated embodiment, the outside diam-
eter d1 of the radially outer portion 158 of the oil slinger
138 is larger than the inside diameter d2 of the ring gear
68. However, the outside diameter d1 of the radially outer
portion 158 may be smaller than the inside diameter d2
of the ring gear 68, provided the oil slinger 138 can suf-
ficiently stir up the lubricant. In this instance, the radially
outer portion 158 does not interfere with a radially inner
portion of the ring gear 68 during installation of the oil
slinger 138, so that the radially outer portion 158 may be
formed of a material other than a rubber material.
[0081] In the illustrated embodiment, the radially outer
portion 158 of the oil slinger 138 is formed of a rubber
material. However, the radially outer portion 158 may be
formed of any other elastic material such as a resinous
material, as long as the radially outer portion 158 is elas-
tically deformable during installation of the oil slinger 138.
Further, the oil slinger 138 in the illustrated embodiment
takes the form of a circular disc. However, the oil slinger
may take any other form. For instance, the oil slinger has
a radially outer portion having a polygonal shape.
[0082] While the preferred embodiment of the inven-
tion and its modifications have been described by refer-
ence to the drawings, for illustrative purpose only, it is to

be understood that the present invention may be embod-
ied with various other changes and improvements which
may occur to those skilled in the art.

NOMENCLATURE OF ELEMENTS

[0083]

10: 4-wheel-drive vehicle
12: Engine (Drive power source)
14: Front wheels (Main drive wheels)
16: Rear wheels (Auxiliary drive wheels)
28: Propeller shaft
34: Rear-wheel drive force distributing unit (Differ-
ential device for 4-wheel-drive vehicle)
68: Ring gear (Annular member)
70: Output shaft
74: Casing
104: Side bearing
136: Spring
138: Oil slinger
146: Inner race
150: Oil groove
154: Side oil seal
158: Radially outer portion

Claims

1. A differential device (34) for a 4-wheel-drive vehicle
(10) wherein a portion of a drive force of a drive power
source (12) transmitted to left and right main drive
wheels (14) is transmitted to left and right auxiliary
drive wheels (16) through a propeller shaft (28) which
is disconnectable from a power transmitting path be-
tween the main drive wheels (14) and the drive power
source (12), the differential device (34) being con-
figured to distribute the drive force from the propeller
shaft (28) to the left and right auxiliary drive wheels
(16), and to selectively connect and disconnect the
propeller shaft (28) and an output shaft (70) to and
from each other, the output shaft (70) being opera-
tively connected to the left and right auxiliary drive
wheels (16), the differential device (34) being char-
acterized in that it comprises:

a side oil seal (154) disposed between the output
shaft (70) and a casing (74);
a side bearing (104) disposed adjacent to the
side oil seal (154) in an axial direction of the
output shaft, such the output shaft (70) is sup-
ported by the casing (74) via the side bearing
(104); and
an oil slinger (138) disposed axially adjacent to
the side bearing (104), such that the oil slinger
(138) is rotated with the output shaft (70).

2. The differential device according to claim 1, wherein
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the oil slinger (138) is disposed on one side of the
side bearing (104) remote from the side oil seal (154),
and the casing (74) has oil grooves (150) formed in
a surface thereof in contact with the side bearing
(104), such that the oil grooves (150) extend in the
axial direction of the output shaft (70).

3. The differential device according to claim 1 or 2,
wherein the oil slinger (138) takes the form of a disc
having a radially outer portion (158) which is an elas-
tic member.

4. The differential device according to claim 3, wherein
the oil slinger (138) has an outside diameter (dl) larg-
er than a smallest one (d2) of inside diameters of an
annular member (68) within which the oil slinger
(138) is moved when the oil slinger (138) is installed
in position.

5. The differential device according to any one of claims
1-4, wherein the oil slinger (138) has a radially inner
portion (156) interposed between an inner race (146)
of the side bearing (104) and a spring (136), and the
radially inner portion of the oil slinger is held in press-
ing contact with the inner race of the side bearing
with a biasing force of the spring.
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