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SPECIFICATION

1. Title of the Invention

Power Transmission Device
2. Claims

A power transmission device provided with a
cylindrical case disposed rotatably, a hub member
disposed rotatably on an identical axis inside the case, a
multiple plate clutch comprising a plurality of friction
plates that separately engage the case and the hub member,
and a tightening device that tightens and releases the
multiple plate clutch, wherein an oil reserve that contains
lubricating oil and an oil passage guiding the lubricating
oil to the friction plates are formed in the hub member.
3. Detailed Description of the Invention
[Object of the Invention]
(Industrial Field of Use)

The present invention relates to power
transmission devices used in vehicles and the like.
(Prior Art)

JP S62-209249 A describes a power
transmission device for a wvehicle. This device is a

differential device that has a multiple plate clutch
contained in a case, and an actuator that tightens these,
and distributes drive power from the engine to left and
right axles.

Because the multiple plate clutch is contained
inside the case in a very compact manner, there is very
little space between the friction plates which make up the
multiple plate clutch. Accordingly, the lubricating oil has
trouble flowing to the friction plates, particularly those in
the middle in the thickness direction, which can cause
heating of the friction plates due to a lack of lubrication,
breakdown of the lubricating oil, seizing of the friction
plates, and so on.

(Problems to be Solved by the Invention)

Hence, the present invention has as an object
to provide a power transmission device in which friction
plates do not suffer from lack of lubrication, seizing, or
the like.

[Constitution of the Invention]
(Means for Solving the Problems)

A power transmission device of the present

invention is provided with a cylindrical case disposed
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rotatably, a hub member disposed rotatably on an
identical axis inside the case, a multiple plate clutch
comprising a plurality of friction plates that separately
engage the case and the hub member, and a tightening
device that tightens and releases the multiple plate clutch,
an oil reserve that contains lubricating oil and an oil
passage guiding the lubricating oil to the friction plates
being formed in the hub member.

(Operation)

When the multiple plate clutch is tightened by
the tightening device, the case and the hub member are
coupled, an input from one is output from the other. If the
tightening force of the multiple plate clutch is increased
or decreased at this time to adjust slip rotation, differential
rotation between the case and the hub member is
controlled (i.e., limited or allowed), thereby making it
possible to adjust the size of the transmitted torque. If the
multiple plate clutch is released, the case and the hub are
uncoupled, and torque transmission stops.

The lubricating oil is stored in the oil reserve
in the hub member. As the hub member turns, the
lubricating oil is guided to the friction plates along the oil
passage by centrifugal force, thereby lubricating and
cooling the friction plates and preventing heating of the
friction plates, breakdown of the lubricating oil, seizing,
and so on.

(Embodiments)

A differential case 29 (the case) is rotatably
supported by a differential carrier 35 via bearings 31 and
33. Aring gear 37 is affixed by a bolt 39 to the differential
case 29. The ring gear 37 meshes with a drive pinion gear
41, and the drive pinion gear 41 is formed integrally to a
rear end of a drive pinion shaft 43 which is linked to the
propeller shaft 9 side. The differential case 29 is thus
rotatably driven by the drive power from the engine 1.

A pair of hub members 45 and 47 are disposed
in a manner allowing relative coaxial rotation inside the
differential case 29. The hub members 45 and 47
comprise cylindrical hubs 49 and 51, cylindrical outer
cylinder sections 53 and 55, and bosses 57 and 59 that are
disposed axially in between the hubs 49 and 51 and the
outer cylindrical sections 53 and 55 and integrally link the
hubs 49 and 51 and the outer cylindrical sections 53 and
55. Capacious oil reservoirs 61 are formed on either side
of the bosses 57 and 59, and through holes 63 and 65
which link the left and right oil reservoirs 61 are provided
to the bosses 57 and 59. The outer cylinder sections 53
and 55 are provided with through holes and oil passages
67 and 69 are formed. Ring-shaped grooves 71 are

JP H2-57725 (2)

A first embodiment is described now, with
reference to FIGs. 1 and 2. FIG. 2 shows an example in
which the present embodiment is used in a power
transmission system for a four-wheel-drive (4WD) car.
Note that in the following description, “left” and “right”
refer to those direction in FIG. 1, and that “up” in FIG. 1
corresponds to the forward direction of the vehicle in FIG.
2.

First, power transmission in this vehicle is
described, with reference to FIG. 2.

Drive power in an engine 1 is varied by a
transmission 3 and is input into a transfer 5. The transfer 5
transfers this drive power to a front differential 7 (a
differential device for the front wheels) and, via a
propeller shaft 9, to a rear differential 11 (a differential
device for the rear wheels), which is the device of the
present embodiment. The drive power thus transferred is
differentially distributed by the front differential 7 to right
and left front wheels 17 and 19 via front axles 13 and 15
and distributed by the rear differential 11 to right and left
rear tires 25 and 27 via rear axles 21 and 23.

A configuration of the present embodiment is
described next.

provided to opposing end sections of the hubs 49 and 51.
Aring 73 engages the grooves 71, thereby supporting and
centering free ends of the hub members 45 and 47.

Annular chambers 75 are provided between
the differential case 29 and the outer cylinder sections 53
and 55 of the hub members 45 and 47. Splines 77 are
provided to the differential case 29 inside the annular
chambers 75 and splines 79 and 81 are provided to the
outer cylinder sections 53 and 55. An outer friction plate
83 engages the splines 77 in a manner allowing axial
movement. Inner friction plates 85 and 87, which are
disposed in an alternating manner, and the friction plate
83 engages the splines 79 and 81 in a manner allowing
axial movement. A pair of multiple plate clutches 89 and
91 are configured thus. Stopper rings 93 are affixed to the
differential case 29 at fixed intervals between the multiple
plate clutches 89 and 91. Rings 95 are disposed in an
inner circumference of the stopper rings 93. The stopper
rings 93 cut off the effects of pressure between the
multiple plate clutches 89 and 91 and prevent interference
therebetween.

Cylinder sections 97 and 99 are provided to
left and right ends of the differential carrier 35 and
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O-rings 101 and 103 and O-rings 105 and 107 are
disposed between the cylinder sections 97 and 99,
engaging so as to allow piston members 109 and 111 to
move. The piston members 109 and 111 can press against
the multiple plate clutches 89 and 91 via a pressing
system comprising needle bearings 113 and 115, pressing
rings 117 and 119, pressing pieces 121 and 123, and push
rings 125 and 127. The pressing pieces 121 and 123 pass
through windows 129 and 131 provided at fixed positions
around the differential case 29 and are disposed between
the pressing rings 117 and 119 and the push rings 125 and
127. A pair of actuators 133 and 135 and pressing systems
thereof are thus configured.

Oil pressure is supplied to oil ports 137 and
139 of the actuators 133 and 135 via a control valve
device 143 and oil passages 145 and 147 from an oil
pressure source 141. Tightening, adjustment of tightening
force, and release, etc., of the multiple plate clutches 89
and 91 are performed by adjusting this oil pressure.

This type of control of the control valve
device 143 is configured so as to be operable manually

If supply of the oil pressure is halted, the
multiple plate clutches 89 and 91 are released, torque
transmission to the rear wheels 25 and 27 is cut off, and
the rear wheels 25 and 27 spin freely.

Lubricating oil sealed into the differential
carrier 35 flows through windows 129, 131, 132, 134, and
136 of the differential case 29, etc., and is contained in the
oil reserve 61, from which is passes through the oil
passages 67 and 69 due to centrifugal force as the hub
members 45 and 47 spin and is supplied to the friction
plates 83, 85, and 87, lubricating and cooling these.

Functionality is described as it relates to
vehicle performance next.

When the multiple plate clutches 89 and 91
are tightened, the rear wheels 25 and 27 are driven and the
vehicle enters 4WD mode. Because the drive power is
dispersed to all four wheels, the drive power distribution
per wheel falls, reducing the likelihood of slipping as the
gripping force is spread out. Accordingly, straight-line
motion of the vehicle and driving stability are improved.

When the multiple plate clutches 89 and 91
are released, drive power transmission to the rear wheels
25 and 27 is cut off and the wvehicle enters
two-wheel-drive  (2WD) mode, which improves gas
mileage and provides front engine/front drive 2WD

JP H2-57725 (3)

from the driver’s seat or automatically in accordance with
driving or roadway conditions.

Functionality of the present embodiment is
described next.

When oil pressure is supplied to the actuators
133 and 135, the piston members 109 and 111 advance,
and the multiple plate clutches 89 and 91 are pressed by
the pressing system and are tightened, thereby coupling
the differential case 29 and the hub members 45 and 47
and causing the drive power from the engine 1 to be
transmitted to the left and right rear wheels 25 and 27. By
controlling the oil pressure to increase or decrease the
tightening force on the multiple plate clutches 89 and 91,
differential rotation can be controlled (limited or allowed)
and the size of the transmitted torque can be adjusted.
And by increasing or decreasing the tightening force
individually for the multiple plate clutches 89 and 91, the
distribution ratio of the drive power between the right and
left rear wheels 25 and 27 can be adjusted and the
differential rotation can be controlled.

characteristics.

Because 2-4 switching can be done in this
manner without requiring an intermittent mechanism such
as a 2-4 switching mechanism, the 2-4 switching
mechanism is unneeded, allowing simplification of the
mechanism, lighter weight, and lower costs.

If during 2WD or 4WD with the multiple
plate clutches 89 and 91 slightly tightened the front
wheels 17 and 19 start to slip due to poor road conditions
or the like, tightening the multiple plate clutches 89 and
91 as appropriate increases the drive power transmitted to
the rear wheels 25 and 27, improves driving performance,
and allows escape from the poor road conditions.

If the distribution ratio of the drive power
between the rear wheels 25 and 27 is adjusted, e.g., the
drive power of the left rear wheel 25 is increased, a
right-direction yawing moment can be applied to the
vehicle, and if the drive power of the right rear wheel 27
is increased, a left-direction yawing moment can be
applied to the wvehicle. If during cornering yawing
moment can be applied toward the inside or outside of the
corner in accordance with the size of the turn radius or the
vehicle speed, etc., and the size of the yawing moment is
adjusted, the dangers such as failing to turn enough or
turning too far inward or spinning out can be avoided and
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steering can be made easier. Steering can also be made
easier during normal driving as well.

Changing the drive power distribution ratio
between the front and rear wheels during cornering allows
adjustment of the cornering force of each, and, as above,
steering characteristics of the vehicle can be improved. In
other words, if the drive power of the front wheels 17 and
19 is increased, the cornering force thereof falls, causing a
yawing moment to be applied toward the outside of the
corner due to the corning force of the rear wheels 25 and
27. The result is that the vehicle tends to under-steer. If
the vehicle has a front engine, as in FIG. 2 where the front
part is heavier, the front wheels 17 and 19 have a larger
gripping force, and therefore if a larger drive power is
applied with the multiple plate clutches 89 and 91
tightened strongly and the distribution ratio of the drive
power between front and rear wheels made even, the rear
wheels 25 and 27 lose the cornering force first.
Accordingly, the vehicle tends to over-steer due to the
cornering force of the front wheels 17 and 19. By the

During acceleration, if the drive power is
increased to the rear wheels 25 and 27 to which the load
moves, acceleration characteristics are improved by
efficiently transmitting the drive power to the road
surface.

If the tightening power of the multiple plate
clutches 89 and 91 is weakened, the rotational differential
between the front and rear wheels is absorbed, preventing
a phenomenon known as tight corner braking from

occurring during low-speed turning, such as when parking.

And because differential rotation between the rear wheels
25 and 27 is tolerated, cornering is smooth.

If a 24 switching mechanism is provided and
2WD mode is switched to, releasing the multiple plate
clutches 89 and 91 causes rotation of the drive system for
the rear wheels 25 and 27 to stop. Accordingly, useless
rotation and the wear, vibration, and noise caused thereby
can be prevented, as can a concomitant fall in mileage.
The same effect can thus be obtained without providing a
free hub clutch, and operation becomes more solid.

Thus, the rear differential 11 can differentially
distribute the drive power while limiting the differential
between the front and rear wheels. This is a function of a
center differential [sic] with a differential limiting

JP H2-57725 (4)

same logic, the center of gravity of the vehicle in FIG. 2 is
toward the front, so during cornering there is a stronger
cornering force effect from the rear wheels 25 and 27,
creating a tendency to under-steer. If the drive power
distribution to the rear wheels 25 and 27 is increased to
reduce the cornering force thereof, the under-steering
typical of such vehicles can be corrected.

If the steering characteristics are controlled in
this manner, the ease of driving and stability of the
vehicle can be improved.

If one of the rear wheels 25 and 27 starts to
slip, e.g., the left rear wheel 25, drive power becomes
concentrated in a rear axle 23 of the right rear wheel 27
which is continuing to provide drive power, creating the
risk of breakage and a sudden yawing movement to the
left. In such cases, detecting slippage of the rear wheel 25
and yawing moment in the vehicle and releasing the
multiple plate clutch 91 on the rear wheel 27 side can
avoid these dangers.

function. Accordingly, if the rear differential 11 is used,
no center differential is needed, making it possible to
simplify the vehicle’s power transmission system, and
reduce cost and weight, which are significant effects.

The friction plates 83, 85, and 87 of the
multiple plate clutches 89 and 91 are thoroughly
lubricated and cooled, and therefore tend not to suffer
from heating and seizing during high-load use (e.g., a
great deal of slipping).

If the stopper rings 93 can be made to move in
the axial direction in the device of the present
embodiment, a configuration is also possible in which
both of the multiple plate clutches 89 and 91 are tightened
and released by an actuator provided to left or right.

A second embodiment is described next, with
reference to FIGs. 3 and 4. The present embodiment is
used as a rear differential 149 of a vehicle in FIG. 2, as in
the first embodiment. The same members are given the
same reference numerals when cited below, and
differences with the first embodiment are described. Note
that in the following description, the left and right
directions are the left and right directions in FIG. 3, and
up in FIG. 3 corresponds to forward in the vehicle in FIG.
2.
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Hub members 153 and 155 are disposed inside
a differential case 151 in a manner allowing relative
rotation. A ring 157 slidably engages grooves provided to
opposing faces of the hub members 153 and 155,
centering the hub members 153 and 155 and supporting
free ends thereof. As shown in FIGs. 3 and 4, through
holes 159 (oil reserves/oil passages) disposed at 90°
intervals substantially in the center in the axial direction,
axial-direction through holes 161 (oil reserves) that pass
through these through holes 159, and inner grooves 163
linking openings of the through holes 159 are provided to
the hub members 153 and 155. Radial-direction grooves
165 and 167 (oil passages) that pass through openings of
the through holes 161 are provided to both end faces.

Transmission shafts (not shown in the
drawings) engage inner circumferences of the hub
members 153 and 155 engage via splines. Oil passages
formed in an axial center and radial-direction oil passages
that link these oil passages with the inner grooves 163 of
the hub members 153 and 155 are provided to these
transmission shafts.

The other functions and effects are the same
as in the first embodiment.

Note that in the present invention, a multiple
plate clutch is not limited to one operated by an actuator;
electromagnetic clutches, for example, are also possible.
Furthermore, the present invention is not limited to
four-wheel-drive vehicles, but rather can be used in
two-wheel-drive vehicles as well.

[Effects of the Invention]

As has been described above, the power
transmission device of the present invention can transmit
and shut off torque while limiting or allowing differential
rotation. Moreover, because lubrication and cooling of the
friction plates is done thoroughly, heating, breakdown of
the lubricating oil, seizing, and other problems are
prevented. Accordingly, performance and durability of the
device are improved.

4. Brief Description of the Drawings

FIG. 1 is a cross-sectional view of a first
embodiment. FIG. 2 is a schematic view showing power
transmission in a vehicle using this embodiment. FIG. 3 is
a cross-sectional view of a second embodiment. FIG. 4 is
a lateral cross-sectional view of a hub member of this
embodiment.

JP H2-57725 (5)

Dividing members 169 are disposed between
the multiple plate clutches 89 and 91 and secured to an
inner circumference of the differential case 29. The
dividing members 169 shut off the effects of pressure on
the multiple plate clutches 89 and 91 and prevent
interference therebetween.

The pressing system of the multiple plate
clutches 89 and 91 comprises needle bearings 113 and
115, first pressing rings 171 and 173, push rods 175 and
177, and second pressing rings 179 and 181. The push
rods 175 and 177 slidably pass through the differential
case 151.

Lubricating oil passes through the oil passages
in the left and right transmission shafts and the inner
grooves 163 and is contained in the through holes 159 and
161 of the hub members 153 and 155. As the hub
members 153 and 155 turn, the lubricating oil passes
through the through holes 159 and the grooves 165 and
167 due to centrifugal force and is supplied to the friction
plates 83, 85, and 87, lubricating and cooling these.

29, 151 ... Differential case (case)
45,47, 153, 155 ... Hub members

61 ... Oil reservoirs

67,69 ... Oil passages

83, 85, 87 ... friction plates

89, 91 ... Multiple plate clutches

133, 135 ... Actuators (tightening device)
159 ... Through holes (oil reserves/oil passages)
161 ... Through holes (oil passages)

163 ... Inner grooves (0il passages)

165, 167 ... Grooves (oil passages)

Agent: Morio Miyoshi, patent attorney
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