O

TRANSPERFECT

This is to certify that the following is, to the best of my knowledge and belief, a true and
accurate translation into ENGLISH of the attached document(s) relating to:

JPA_2002370557(D1)

written in English.

1 hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these statements
were made with the knowledge that willful false statements and the like so made are punishable by
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such

willful false statements may jeopardize the results of these proceedings.

I declare under penalty of perjury under the laws of the United States of America that the
foregoing is true and accurate.

Caroline Mikumo Lee

Sworn to before me this
Tuesday, October 06, 2015

ature otary PubMd

AMY LEONG |
4 Notary Publlc State of New York

No.01LEB314554
Qualified in Richmond County
|, Commisslon Expires Nov 10, 2018 §

Stamp, Notary Public

THREE PARK AVENUE, 39TH FLOOR, NEW YORK, NY 10016 | T 212.689.5555 | F 212.689.1059 | WWW.TRANSPERFECT.COM
OFFICES IN 90 CITIES WORLDWIDE

JTEKT Corporation Ex. 1002, p. 1



(19) Japan Patent Office (JP)

(12) Japanese Unexamined Patent (11) Japanese Unexamined Patent
Appllcati on Publication ») Application Publication Number

2002-370557
(P2002-370557A)

(43) Publication date: December 24, 2002 (12.24.2002)

(51) Int. C1.7 Identification codes
B60K 17/344
17/04
23/08

FI Theme codes (reference)
B60K 17/344 D 3D036
17/04 Z 3D039
23/08 C 3D043

Request for examination: Not yet requested Number of claims: 3 OL (Total of 10 pages)

(21) Application number Japanese Patent (71) Applicant 000225050

Application 2001-182357
(P2001-182357)

Tochigi Fuji Industrial Co., Ltd.
2388 Omiya-cho, Tochigi-shi, Tochigi-ken

(22) Filing date June 15, 2001 (6.15.2001) (72) Inventor TERAOKA, Masao

(74) Agent

c/o Tochigi Fuji Industrial Co., Ltd., 2388
Omiya-cho, Tochigi-shi, Tochigi-ken
100083806

Patent Attorney MIYOSHI, Hidekazu (and 8
others)

(54) [Title of the Invention] Four-wheel drive system

(57) [Abstract]

[Problem] To simplify the configuration while greatly
reducing the drag torque of the coupling which is
uncoupled during two-wheel drive travel.

[Solution] There is provided a transfer case 5 which
transmits the drive force of an engine 1 to the front
wheels and rear wheels; a two-four switching
mechanism 7 which cuts the driving force from the
transfer case 5 in a rear wheel 31, 33 side power
transmission system which is disengaged when in two-
wheel drive; a clutch mechanism 71 which is
constructed using a wet multi-plate clutch and
disconnects drag rotation of the rear wheels 31, 33; and
a final speed reduction gear set 23 which reduces the
speed of the driving force and transmits it to a rear
differential 25, wherein the clutch mechanism 71 is
arranged behind the final speed reduction gear set 23.
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[SCOPE OF PATENT CLAIMS]

[Claim 1] A four-wheel drive system characterized in
that it has a structure comprising a transfer case which
transmits the driving force of a prime mover to the
front wheel side and rear wheel side,

further comprising a two-four switching mechanism
which cuts the driving force from the transfer case in
the front wheel side or rear wheel side power
transmission system, which is disengaged when in two-
wheel drive; a coupling which is constructed using a
wet multi-plate clutch and disconnects rotation from
the wheels during travel; and a final speed reduction
mechanism which reduces the speed of the driving
force and transmits it to a differential device,

wherein said coupling is arranged between the final
speed reduction mechanism and the wheels.

[Claim 2] A four-wheel drive system characterized in
that, in the invention described in claim 1, said power
transmission system comprises a differential device
having an outer case which rotates upon input of
driving force of a prime mover, and an inner case
which is coaxially and rotatably supported inside the
outer case and has inside it a differential mechanism
which differentially distributes the driving force to left
and right output shafts, said coupling being arranged
between said outer case and inner case.

[Claim 3] A four-wheel drive system characterized in
that, in the invention described in claim 1 or 2, the two-
four switching mechanism is constructed using a dog
clutch.

[Detailed description of the invention]

[0001]

[Technical field of the invention] This invention relates
to a four-wheel drive system in which either the front
or the rear wheels are disengaged when in two-wheel
drive.

[0002]

[Prior art] FIG. 4 illustrates a conventional four-wheel
drive system.

[0003] This four-wheel drive system comprises an
engine 501, a transmission 503, a transfer case 505, a
two-four switching mechanism 507 formed in a portion
of the transfer case 505, a front differential 509 (a
differential device which distributes the driving force
of the engine to the left and right front wheels), front
axles 511 and 513, left and right front wheels 515 and
517, rear wheel side propeller shaft 519, a coupling 521
constructed using a wet multi-plate clutch, a final speed
reduction gear set 523, a rear differential 525 (a
differential device which distributes the driving force
of the engine to the left and right rear wheels), rear
axles 527 and 529, left and right rear wheels 531 and
533, dog clutch 535 (axle disconnect) which is
arranged so as to split the left rear axle 527, and the
like.

[0004] Two-four switching mechanism 507 and dog
clutch 535 are simultaneously coupled when switching
from two-wheel drive state to four-wheel drive state,
and are simultaneously uncoupled when switching
from four-wheel drive state to two-wheel drive state.
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[0005] Furthermore, engagement/disengagement of the
coupling 521 is controlled in four-wheel drive state by
an unillustrated controller, while in two-wheel drive
state, the coupling 521 is uncoupled.

[0006] The driving force of the engine 501 is
transmitted from the output gear 537 of the
transmission 503 via ring gear 539 to the differential
case 541 of the front differential 509, and is distributed
from the front differential 509 via front axles 511, 513
to the left and right front wheels 515 and 517.

[0007] When the two-four switching mechanism 507
and dog clutch 535 are coupled, the driving force of the
engine 501 is transmitted via differential case 541 and
transfer case 505 (two-four switching mechanism 507)
as well as propeller shaft 519 and coupling 521 to the
final speed reduction gear set 523, and after undergoing
speed reduction in the final speed reduction gear set
523, the driving force is transmitted from the rear
differential 525 via rear axle 527 and dog clutch 535 to
the left rear wheel 531, and is transmitted via rear axle
529 to the right rear wheel 533, whereby the vehicle
assumes a  four-wheel drive state.  Here,
engagement/disengaged of the coupling 521 is
controlled by an unillustrated controller and controls
the driving force going to the front wheel 515, 517 side
and to the rear wheel 531, 533 side.

[0008] Furthermore, when the two-four switching
mechanism 507, coupling 521 and dog clutch 535 are
uncoupled, the rear wheel side power transmission
system as described above is disengaged and the
vehicle enters a front-wheel driven two-wheel drive
state.

[0009] Here, uncoupling the two-four switching
mechanism 507 causes the rotation of the power
transmission system (especially the large mass
propeller shaft 519) up to the input side plate (clutch
plate) of the coupling 521 to stop.

[0010] Furthermore, due to the uncoupling of the dog
clutch 535, the rotation (drag rotation) of the left rear
wheel 531 during travel is disconnected from the rear
differential 525, the drag rotation of the right rear
wheel 533 is absorbed by the differential rotation of the
rear differential 525, and rotation of the differential
case 543 of the rear differential 525 stops, and thus, the
rotation of the differential case 543 and final speed
reduction gear set 523 and coupling 521 output side
member (clutch plate) stops.

[0011] When rotation of the rear wheel side power
transmission system is stopped in this manner, the
wear, vibration, noise, etc. of the various parts of the
rear wheel side power transmission system are reduced
and fuel efficiency of the engine 501 improves.

[0012]

[Problem to be solved by the invention] However,
since a wet multi-plate clutch is used for the coupling
521, even when it is uncoupled by the controller, if
rotation is inputted into one side, the viscosity of the oil
will generate drag torque between the clutch plates.
[0013] Thus, in the conventional four-wheel drive
system described above, the two-four switching
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mechanism 507 and dog clutch 535 are arranged to as
to prevent input from the egine 501 side and input from
the rear wheel 531, 533 side from being inputted into
the coupling 521.

[0014] If there were no dog clutch 535, during two-
wheel drive travel, the drag rotation of the rear wheels
531, 533 would be inputted through the differential
case 543 of the rear differential 525 via the final speed
reduction gear set 523 to the output side clutch plate of
the coupling 521.

[0015] Furthermore, the input in this case passes
through the final speed reduction gear set 523 in the
opposite direction than normally and is subjected to
speed increase, so the output side member of the
coupling 521 rotates at an accordingly higher speed.
[0016] On the other hand, during two-wheel drive
travel, with the uncoupling of the two-four switching
mechanism 507, since the system up to the input side
clutch plate of the coupling 521 is in a static state, large
relative rotation and drag torque arise between the
input side clutch plate and output side clutch plate of
the coupling 521 due to drag rotation of the rear wheels
531, 533. As discussed above, this drag torque is
amplified by the final speed reduction gear set 523.
[0017] Since the power transmission system upstream
of the coupling 521 rotates due to this drag torque,
there is the concern that it may affect wear, vibration,
noise, etc. of the various parts as well as affecting fuel
efficiency due to energy loss.

[0018] Furthermore, heating of oil due to drag torque is
also accelerated by the speed increase effect of the final
speed reduction gear set 523, so there is the concern
that degradation of the oil will be accelerated and its
service life will be shortened.

[0019] Thus, to prevent this, a dog clutch 535 is
provided, but the number of components and weight
increase as a result, leading to higher cost.

[0020] There are also four-wheel drive systems in
which the configuration is simplified by omitting the
two-four switching mechanism and disconnecting the
drag rotation of the wheels by means of a clutch
mechanism arranged on the input side or output side of
the differential device (for example, a configuration
omitting the two-four switching mechanism 507 from
the four-wheel drive system described above), but in
this sort of four-wheel drive system, even if the drag
rotation of the rear wheels is disconnected by the clutch
mechanism, the coupling will rotate due to the driving
force of the engine, so drag torque will arise in the
coupling part and the problems described above may
occur.

[0021] Thus, it is an object of the present invention to
provide a four-wheel drive system with a simple
configuration which greatly reduces the effect of drag
torque of the coupling which is decoupled in two-
wheel drive state.

[0022]

[Means for solving the problem] The four-wheel drive
system described in claim 1 is characterized in that it
has a structure comprising a transfer case which
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transmits the driving force of a prime mover to the
front wheel side and rear wheel side, further
comprising a two-four switching mechanism which
cuts the driving force from the transfer case in the front
wheel or rear wheel power transmission system, which
is disengaged when in two-wheel drive; a coupling
which is constructed using a wet multi-plate clutch and
disconnects rotation from the wheels during travel; and
a final speed reduction mechanism which reduces the
speed of the driving force and transmits it to a
differential device, wherein said coupling is arranged
between the final speed reduction mechanism and the
wheels.

[0023] The two-four switching mechanism is coupled
when switching from two-wheel drive state to four-
wheel  drive state, at  which time the
engagement/disengagement of the coupling is
controlled by a controller or the like. Moreover, when
switching from four-wheel drive state to two-wheel
drive state, the two-four switching mechanism and
coupling are uncoupled.

[0024] Therefore, when the two-four switching
mechanism and the coupling are coupled, the driving
force of the prime mover is transmitted from the
transfer case and two-four switching mechanism to the
final speed reduction mechanism and subjected to
speed reduction, after which it is distributed from the
coupling via the differential device to the left and right
wheel sides, and the vehicle enters a four-wheel drive
state.

[0025] Furthermore, when the two-four switching
mechanism and coupling are uncoupled, the wheels on
the disengagement side described above are disengaged
and the vehicle enters are two-wheel drive state.

[0026] Here, the rotation of the power transmission
system (especially the large mass propeller shaft) stops
from the two-four switching mechanism up to the input
side clutch plate of the coupling, and drag rotation of
the wheels is disconnected by the coupling, so the
power transmission system of the disengagement side
wheels ceases to rotate, reducing wear, vibration, noise,
etc. of the parts of this power transmission system and
improving fuel efficiency of the prime mover.

[0027] Moreover, in the four-wheel drive system of the
present invention, since the coupling is arranged
between the final speed reduction mechanism and the
wheels (behind the final speed reduction mechanism),
unlike in the prior art example, drag rotation of the
wheels is inputted into the coupling without
undergoing speed increase by the final speed reduction
mechanism.

[0028] Here, assuming (i) is the speed reduction ratio
of the final speed reduction mechanism, the drag torque
(energy loss) of oil arising in a coupling using a wet
multi-plate clutch will be reduced in the case of the
present invention, where the coupling is arranged
behind the final speed reduction mechanism, to 1/(ix1)
of the prior art example, in which the coupling is
arranged before the final speed reduction mechanism.
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[0029] Generally, the speed reduction ratio (i) of the
final speed reduction mechanism is 3—4, so assuming
the speed reduction ratio (i) is 3, the drag torque in the
present invention will be reduced to 1/9 of the drag
torque of the prior art example, and assuming the speed
reduction ratio (i) is 4, the drag torque will be reduced
to 1/16.

[0030] For these reasons, the four-wheel drive system
of the present invention can maintain a high effect of
reducing wear, vibration and noise of the power
transmission system parts on the disengaged wheel side
and improving fuel efficiency.

[0031] Furthermore, the four-wheel drive system of the
present invention, which allows the drag torque to be
reduced simply by providing a coupling, has a simpler
configuration and reduces the number of parts, weight
and cost as compared to the prior art example, which
requires a dog clutch 535 in addition to the coupling
521 in order to reduce drag torque.

[0032] Furthermore, in a conventional four-wheel drive
system without a two-four switching mechanism, the
drag torque arising in the coupling which receives the
driving force of the prime mover is extremely large,
compared to which the drag torque arising in the four-
wheel drive system of the present invention is much
smaller.

[0033] Furthermore, due to the reduction in drag torque,
heating of the oil is reduced accordingly, so
degradation is kept low and service life is extended.
[0034] Furthermore, unlike a dog clutch, a coupling
constructed using a wet multi-plate clutch does not
require a synchronizer mechanism, eliminating the
need to allow for the volume of the synchronizer
mechanism.

[0035] The invention described in claim 2 is a four-
wheel drive system as described in claim 1,
characterized in that said power transmission system
comprises a differential device having an outer case
which rotates upon input of driving force of a prime
mover, and an inner case which is coaxially and
rotatably supported inside the outer case and has inside
it a differential mechanism which differentially
distributes the driving force to left and right output
shafts, said coupling being arranged between said outer
case and inner case.

[0036] By means of this, it is possible to arrange the
coupling in a differential carrier which supports the
differential device, so that lubrication of the wet multi-
plate clutch is easy and durability of the clutch plates
can be improved, as well as achieving greater
compactness of the whole device as compared to ones
where the coupling is provided separately, which can
be advantageously made use of in terms of the vehicle
mounting layout characteristics.

[0037] The invention described in claim 3 is a four-
wheel drive system as described in claim 1 or 2,
characterized in that the two-four switching mechanism
is constructed using a dog clutch, which allows the
same function and effect to be achieved as with the
configuration of claim 1; additionally, since the dog
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clutch used in the two-four switching mechanism,
unlike a friction clutch such as a multi-plate clutch,
does not produce drag torque, it is especially well
suited for the present invention, the object of which is
to reduce drag torque.

[0038]

[Embodiments of the invention] [First embodiment]
FIG. 1 and FIG. 2 will be used to describe a four-wheel
drive system (first embodiment of the present
invention).

[0039] The four-wheel drive system of the first
embodiment comprises the characteristics of claims 1,
2 and 3, and FIG. 1 illustrates a four-wheel drive
vehicle using this four-wheel drive system.
Furthermore, in the following description, the left and
right directions are the left and right directions of this
four-wheel drive vehicle (FIG. 1) and the left and right
directions in FIG. 2, and the top of FIG. 2 is the front
of this four-wheel drive vehicle. Parts not assigned a
reference symbol are not shown in the drawings.

[0040] As shown in FIG. 1, this four-wheel drive
vehicle comprises a transverse engine 1 (prime mover),
a transmission 3, a transfer case 5, a two-four switching
mechanism 7 (dog clutch) and direction changing gear
set 9 which form a part of the transfer case 5, a front
differential 11, front axles 13 and 15, left and right
front wheels 17 and 19, rear wheel side propeller shaft
21, final speed reduction gear set 23 (final speed
reduction mechanism), rear differential 25 (differential
device), rear axles 27 and 29, left and right rear wheels
31 and 33 (wheels disengaged when in two-wheel
drive), etc.

[0041] The direction changing gear set 9 forms parts of
the rear wheel side power transmission system and
consists of intermeshing transverse and longitudinal
bevel gears 35, 37, whereby the transmitted driving
force of the engine is converted in direction by the
direction changing gear set 9 and transmitted toward
the rear wheels.

[0042] Furthermore, two-four switching mechanism 7
comprises a gear 41 coupled to differential case 39 of
front differential 11, a gear 43 coupled to transverse
bevel gear 35, a coupling sleeve 45 which is operated
by moving between a coupling position in which it
meshes with and couples gears 41 and 43 and an
uncoupling position in which these are uncoupled, and
the like.

[0043] When the two-four switching mechanism 7 is
coupled, the driving force of the engine 1 is transmitted
to the rear wheel side power transmission system, and
when it is uncoupled, the rear wheel side power
transmission system is disengaged.

[0044] FIG. 2 illustrates the final speed reduction gear
set 23, rear differential 25, etc., which are sequentially
housed in differential carrier 47.

[0045] The final speed reduction gear set 23 comprises
a drive pinion gear 49 and ring gear 51, which are
intermeshing bevel gears.

[0046] Drive pinion gear 49 is integrally formed on the
rear end of drive pinion shaft 53, and drive pinion shaft
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53 is supported on differential carrier 47 by means of
thrust bearings 55, 57.

[0047] Furthermore, drive pinion shaft 53 protrudes
forward from the differential carrier 47 and is coupled
to propeller shaft 21 by means of a joint and a flange
61 secured to the front end by means of a nut 59. A
seal 62 is arranged between the drive pinion shaft 53
and differential carrier 47 to prevent oil leakage.

[0048] Ring gear 51 is secured to outer case 65 of rear
differential 25 by means of bolt 63.

[0049] The final speed reduction gear set 23 reduces
the speed of the transmitted driving force of engine 1
and at the same time changes its direction and transmits
it to the outer case 65 (rear differential 25).

[0050] The rear differential 25 comprises outer case 65,
inner case 67, bevel gear type differential mechanism
69, clutch mechanism 71 (coupling constructed using a
wet multi-plate clutch), etc.

[0051] The outer case 65 is supported on differential
carrier 47 by means of thrust bearings 73, 75, and the
inner case 67 is rotatably supported on the inner
circumference of outer case 69.

[0052] Differential mechanism 69 comprises a pinion
gear 79 supported on a pinion shaft 77, and output-side
side gears 81, 83 which mesh with pinion gear 79 from
the left and right.

[0053] Pinion shaft 77 engages through-hole 85 of
inner case 5 and is retained by means of spring pin 87.
[0054] Left and right rear axles 27, 29 are spline-
coupled to side gears 37, 39 respectively.

[0055] Clutch mechanism 71 comprises outer case 65,
inner case 67, main clutch 89 (wet multi-plate clutch),
ball cam 91, pressure plate 93, cam ring 95, pilot clutch
97 (wet multi-plate clutch), armature 99, electromagnet
101, a controller, etc.

[0056] Main clutch 89 is arranged between outer case
65 and inner case 67.

[0057] Ball cam 91 is arranged between pressure plate
93 and cam ring 95, and cam ring 95 is arranged
rotatably.

[0058] Pressure plate 93, which is spline-coupled by its
inner circumference to inner case 67, receives the
thrust force of ball cam 91, pushing the main clutch 89
against and engaging it with the inner case 67.

[0059] The pilot clutch 97 is arranged between the
outer case 65 and cam ring 95, and the armature 99 is
arranged between the pressure plate 93 and pilot clutch
97.

[0060] Rotor 103, which is the left side wall of outer
case 65, is made from a magnetic material, and core
105 of electromagnet 101 is inserted across a suitable
air gap into an annular recess 107 formed in the rotor
103, and is supported on the rotor 103 by means of a
double side sealed ball bearing 109. Furthermore, core
103 is coupled via supporting member 111 to the
differential carrier 47 side and is prevented from
rotating.

[0061] Lead wire 113 of electromagnet 101 is brought
outside the differential carrier 47 through a grommet
and is connected to an unillustrated controller.
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[0062] The magnetic circuit of electromagnet 101 is
comprised of rotor 103, pilot clutch 97 and armature 99.
[0063] The controller performs excitation of
electromagnet 101, control of excitation current,
stopping of excitation, etc.

[0064] When electromagnet 101 is excited, a magnetic
flux loop 115 is formed in the aforementioned
magnetic circuit, the armature 99 is attracted and the
pilot clutch 97 is pressed and engaged between it and
the rotor 103, generating pilot torque.

[0065] When pilot torque is generated, transmission
torque is applied from cam ring 95, coupled to outer
case 65 via pilot clutch 97, and from inner case 67 side
pressure plate 93, to ball cam 91, the pressure plate 93
moves to the right under the generated cam thrust, and
presses against and engages the main clutch 89.

[0066] When the clutch mechanism 71 is coupled in
this manner, the driving force of the engine 1 is
transmitted from outer case 65 to inner case 67
(differential mechanism 69) and is distributed through
pinion shaft 77, pinion gear 79 and side gears 81, 83 to
left and right rear wheels 31, 33, and the vehicle enters
a four-wheel drive state.

[0067] When the excitation current of the
electromagnet 101 is controlled at this time, a change
occurs in the sliding of the pilot clutch 97, the cam
thrust force of the ball cam 91 changes, the pressure of
the main clutch 89 changes, and the magnitude of the
driving force sent to the rear wheels 31, 33 changes,
thus making it possible to control the driving force
distribution ratio between the front and rear wheels.
[0068] For example, if this sort of control of driving
force distribution ratio is performed during turning
travel, it becomes possible to greatly improve the
steerability, stability, etc. of the vehicle.

[0069] Furthermore, if the coupling force of the clutch
mechanism 71 (main clutch 89) is adjusted through
excitation current control of the electromagnet 101, the
force of rotational constraint between the front and rear
wheels will change, making it possible to improve the
turning characteristics and turn-in ability of the vehicle.
[0070] When excitation of the electromagnet 101 is
stopped, the pilot clutch 97 is released, the cam thrust
force of the ball cam 91 disappears, the main clutch 89
is released, the clutch mechanism 71 is uncoupled, the
system from the inner case 67 to the rear wheels 31, 33
enters a state of free rotation and the vehicle enters a
front-wheel driven two-wheel drive state.

[0071] In this way, the four-wheel drive system of the
first embodiment is composed of transfer case 5 (two-
four switching mechanism 7), final speed reduction
gear set 23, clutch mechanism 71, rear differential 25,
etc.

[0072] The controller simultaneously couples the two-
four switching mechanism 7 and clutch mechanism 71
when switching from two-wheel drive state to four-
wheel drive state and simultaneously uncouples them
when switching from four-wheel drive state to two-
wheel drive state.
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[0073] The driving force of the engine 1 is transmitted
from the output gear 117 of transmission 3 via ring
gear 119 to differential case 39 of front differential 11,
and is distributed from the front differential 11 via
front axles 13, 15 to the left and right front wheels 17,
19.

[0074] In four-wheel drive state, as described above,
the two-four switching mechanism 7 and clutch
mechanism 71 are coupled, and the driving force of the
engine 1 is transmitted through differential case 39,
transfer case 5 (two-four switching mechanism 7 and
direction changing gear set 9) and propeller shaft 21 to
final speed reduction gear set 23 and is subjected to
speed reduction, after which it is transmitted via clutch
mechanism 71 to rear differential 25 and is further
distributed through pinion shaft 77 and pinion gear 79
to side gears 81, 83 and is transmitted via rear axles 27,
29 to left and right rear wheels 31, 33.

[0075] Furthermore, in two-wheel drive state, as
described above, the two-four switching mechanism 7
and clutch mechanism 71 are uncoupled and the rear
wheel side power transmission system is disengaged.
[0076] Here, due to uncoupling of the two-four
switching mechanism 7, rotation of the power
transmission system (especially the large mass
propeller shaft 21) stops from the two-four switching
mechanism 7 to outer case 65, which is the input side
member of the clutch mechanism 71, and to the outer
plates 121, 123 of the main clutch 89 and pilot clutch
97.

[0077] Moreover, since the clutch mechanism 71 is
uncoupled, rotation from the differential mechanism 69
to the inner case 67 and the inner plates 125, 127
(clutch plates) of the main clutch 89 and pilot clutch 97
due to drag rotation of the rear wheels 31, 33 is
disconnected from the aforementioned outer plates 121,
123 (clutch plates).

[0078] In this way, the rotation of the power
transmission system from the two-four switching
mechanism 7 to the outer plates 121, 123 of the clutch
mechanism 71 stops, the wear, vibration, noise, etc. of
the parts of this power transmission system are reduced,
and fuel efficiency of the engine 1 improves.

[0079] An oil reservoir is formed in the differential
carrier 47 to lubricate and cool the meshing parts of the
drive pinion gear 49 and ring gear 51, the thrust
bearings 55 and 57, etc.

[0080] Furthermore, as shown in FIG. 2, an opening
129 is formed in the outer case 65. Moreover, helical
oil grooves are formed on the inner circumference of
the left and right bosses 131, 133 of the outer case 65.
[0081] The oil from the oil reservoir flows in and out
of the outer case 65 through this opening 129 and oil
grooves, and oil which has flowed in lubricates and
cools the sliding area between the inner circumference
of the outer case 65 and the outer circumference of the
inner case 67, and the plates 121, 125, 123 and 127 of
the main clutch 89 and pilot clutch 97, and also
lubricates and cools the meshing parts of the gears 79,
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81, 83 of the differential mechanism 69, the ball cam
91, etc.

[0082] By arranging the clutch mechanism 71 behind
the final speed reduction gear set 23 as described above,
unlike in the prior art example, the drag rotation of the
rear wheels 31, 33 is not subjected to speed increase by
the final speed reduction gear set 23.

[0083] Assuming (i) is the speed reduction ratio of the
speed reduction mechanism, the drag torque (energy
loss) of oil generated in the clutch located behind the
speed reduction mechanism as in the case of clutch
mechanism 71 is reduced to 1/(ixi) of a clutch located
in front of the speed reduction mechanism as in the
prior art example.

[0084] Generally, the speed reduction ratio (i) of the
final speed reduction gear set 23 is 3—4, so assuming
the speed reduction ratio (i) is 3, the drag torque
generated in the clutch mechanism 71 will be reduced
to 1/9 of the prior art example, and assuming the speed
reduction ratio (i) is 4, the drag torque will be reduced
to 1/16.

[0085] As a result, drag rotation of the rear wheels 31,
33 is nearly completely disconnected by means of the
clutch mechanism 71, and thus the static state of the
rear wheel side power transmission system in two-
wheel drive state is not impaired and it becomes
possible to maintain a high effect of reducing wear,
vibration and noise of the rear wheel side power
transmission system and to increase fuel efficiency by
reducing energy loss.

[0086] Furthermore, as regards the drag torque
generated in the pilot clutch 97, even after switching to
two-wheel drive state, the drag torque of the rear
wheels 31, 33 is transmitted to the ball cam 91 and
generates cam thrust force, so coupling force remains
in the main clutch 89 (clutch mechanism 71) and there
is the concern that it may not be possible to fully place
the vehicle into two-wheel drive state, but in the four-
wheel drive system of the first embodiment, as
described above, the drag torque generated in the pilot
clutch 97 also becomes very small, so it becomes
possible to place the vehicle fully into a two-wheel
drive state, making it possible to maintain a high effect
of lowering wear, vibration and noise of the rear wheel
side power transmission system, increase the fuel
efficiency, and obtain the intended turning
characteristics, turn-in ability and the like during two-
wheel drive travel.

[0087] The four-wheel drive system of the first
embodiment is configured in this manner.

[0088] This four-wheel drive system markedly reduces
the drag torque generated in the clutch mechanism 71
as compared to the prior art example by arranging the
clutch mechanism 71 behind the final speed reduction
gear set 23, making it possible to maintain a high effect
of reducing wear, vibration and noise of the various
parts of the rear wheel power transmission system,
which is the disengagement side, and to reduce energy
loss and improve fuel efficiency.
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[0089] Furthermore, this four-wheel drive system
which allows drag torque to be reduced simply by
means of clutch mechanism 71 has a simpler
configuration and reduce number of parts, weight and
cost as compared to the prior art example which
required a dog clutch 535 besides the coupling 521 in
order to reduce drag torque.

[0090] Moreover, since the drag torque is greatly
reduced, heating of the clutch mechanism 71 (main
clutch 89 and pilot clutch 97) is also reduced
accordingly, and thus degradation of oil can be kept
low and its service life can be extended.

[0091] Furthermore, clutch mechanism 71, constructed
using pilot clutch 97 and main clutch 89, which is a
wet multi-plate clutch, does not require a synchronizer
mechanism and eliminates the need to allow for the
volume of the synchronizer mechanism.

[0092] Moreover, since the clutch mechanism 71 is
arranged inside the differential carrier 47, it is easy to
lubricate the inner plates 125, 127 and outer plates 121,
123, making it possible to improve durability, as well
as achieving greater compactness of the whole device
as compared to when the clutch mechanism 71 is
provided separately, which can be advantageously
made use of in terms of the vehicle mounting layout
characteristics.

[0093] Furthermore, the dog clutch used in the two-
four switching mechanism 7 is especially well suited
for this four-wheel drive system, the object of which is
to reduce drag torque.

[0094] [Second embodiment] A four-wheel drive
system (second embodiment of the present invention)
will be described by means of FIG. 3.

[0095] The four-wheel drive system of the second
embodiment comprises the characteristics of claims 1
and 3; FIG. 3 illustrates a four-wheel drive vehicle
using this four-wheel drive system. Furthermore, in the
following description, the left and right directions are
the left and right directions of this four-wheel drive
vehicle (FIG. 3), and parts not assigned a reference
symbol are not shown in the drawings.

[0096] Below, parts with the same function as in the
four-wheel drive system of the first embodiment will
be assigned the same reference symbols and cited, and
the points of difference will be described.

[0097] The four-wheel drive vehicle using the four-
wheel drive system of the second embodiment
comprises an engine 1, a transmission 3, a transfer case
5, a two-four switching mechanism 7 and direction
changing gear set 9 which form part of the transfer case
5, a front differential 11, front axles 13 and 15, left and
right front wheels 17 and 19, rear wheel side propeller
shaft 21, final speed reduction gear set 23, rear
differential 201 (differential device), rear axles 27 and
29, left and right rear wheels 31 and 33, clutch
mechanism 203 (coupling constructed using a wet
multi-plate clutch), etc.

[0098] Rear differential 201 comprises a differential
case 205 and bevel gear type differential mechanism
69.

()]
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[0099] Ring gear 51 of final speed reduction gear set
23 is secured to differential case 205, and pinion shaft
77 of differential mechanism 69 is coupled to
differential case 205.

[0100] Furthermore, clutch mechanism 203 comprises
rotary case 207, inner shaft 209, main clutch 89, ball
cam 91, pressure plate 93, cam ring 95, pilot clutch 97,
armature 99, electromagnet 101, a controller, etc.
[0101] Clutch mechanism 203 is arranged so as to split
the left rear axle 27, rotary case 207 is coupled to the
right rear axle 27, and inner shaft 209 is coupled to left
rear wheel 27.

[0102] Main clutch 89 is arranged between rotary case
207 and inner shaft 209. Pressure plate 93 is spline-
coupled by its inner circumference to inner shaft 209
and presses the rotary case 207 against and binds it to
the main clutch 89 upon receiving thrust force of ball
cam 91.

[0103] Cam ring 95 is arranged so as to be rotatable
relative to the outer circumference of inner shaft 209.
Pilot clutch 97 is arranged between rotary case 207 and
cam ring 95.

[0104] Armature 99 is arranged between pressure plate
93 and pilot clutch 97.

[0105] The controller performs excitation of
electromagnet 101, control of excitation current and
stopping of excitation.

[0106] When electromagnet 101 is excited, the
armature 99 is attracted and pilot clutch 97 is engaged,
ball cam 91 is actuated, engaging the main clutch 89,
the clutch mechanism 203 is coupled, and relative
rotation of rear axles 27, 27 is locked.

[0107] Here, by controlling the excitation current of the
electromagnet 101, relative rotation of the rear axles 27,
27 becomes possible due to sliding occurring in the
main clutch 89.

[0108] Furthermore, when excitation of electromagnet
101 is stopped, pilot clutch 97 is released, cam thrust
force of ball cam 91 disappears, main clutch 89 is
released, clutch mechanism 203 is uncoupled, and
relative rotation of rear axles 27, 27 becomes free.
[0109] The four-wheel drive system of the second
embodiment is composed of transfer case 5 (two-four
switching mechanism 7), final speed reduction gear set
23, rear differential 201, clutch mechanism 203, etc.
[0110] The controller simultaneously couples the two-
four switching mechanism 7 and clutch mechanism 203
when switching from two-wheel drive state to four-
wheel drive state and simultaneously uncouples them
when switching from four-wheel drive state to two-
wheel drive state.

[0111] The driving force of the engine 1 is transmitted
from transmission 3 to front differential 11 and is
distributed from the front differential 11 via front axles
13, 15 to the left and right front wheels 17, 19.

[0112] In four-wheel drive state, the two-four
switching mechanism 7 and clutch mechanism 203 are
coupled, and the driving force of the engine 1 is
transmitted through transfer case 5 (two-four switching
mechanism 7 and direction changing gear set 9) and
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propeller shaft 21 to final speed reduction gear set 23
and is subjected to speed reduction, after which it is
transmitted to rear differential 201 and is transmitted
from the rear differential 201 via rear axle 27, clutch
mechanism 203 and rear axle 27 to the left rear wheel
31, and is further transmitted via rear axle 29 to the
right rear wheel 33.

[0113] Furthermore, when the rear axles 27, 27 are
made relatively rotatable through excitation current
control of electromagnet 101, it is possible to control
the driving force distribution ratio between the front
and rear wheels accompanying differential rotation of
the rear differential 201 (differential mechanism 69)
and to change the force of rotational constraint between
the front and rear wheels.

[0114] For example, if control of driving force
distribution ratio between the front and rear wheels is
performed during turning travel, it becomes possible to
greatly improve the steerability, stability, etc. of the
vehicle.

[0115] Furthermore, the turning characteristics and
turn-in ability of the vehicle can be improved by
changing the rotational constraint force between the
front and rear wheels.

[0116] Furthermore, in two-wheel drive state, as
described above, the two-four switching mechanism 7
and clutch mechanism 71 are uncoupled, so the rear
wheel side power transmission system is disengaged
and the vehicle enters a front wheel drive state.

[0117] Here, due to uncoupling of the two-four
switching mechanism 7, rotation of the rear wheel side
power transmission system from the rear differential
201 to the differential case 205 stops.

[0118] Furthermore, drag rotation of the left rear wheel
31 is disconnected from the rear differential 25 through
decoupling of the clutch mechanism 203, drag rotation
of the right rear wheel 33 is absorbed through
differential rotation of differential mechanism 69, and
rotation of differential case 205 stops.

[0119] When the clutch mechanism 203 is uncoupled
in this way, the drag rotation of the rear wheels 31, 33
is disconnected from differential case 205 and is
prevented from being transmitted to the rear wheel side
power transmission system, so that the static state of
the rear wheel side power transmission system is not
impaired.

[0120] Since the rear wheel side power transmission
system is maintained in a static state, a high effect of
reducing wear, vibration, noise, etc. of the various parts
of the rear wheel side power transmission system and
of improving fuel efficiency is maintained.

[0121] The four-wheel drive system of the second
embodiment is configured in this manner, and with this
four-wheel drive system, an effect equivalent to the
four-wheel drive system of the first embodiment can be
obtained.

[0122]

[Effect of the invention] In the four-wheel drive system
of claim 1, by arranging the coupling which is
decoupled in two-wheel drive state behind the final

®)
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speed reduction mechanism, the drag torque (energy
loss) due to oil viscosity is markedly reduced as
compared to the prior art example, thus making it
possible to maintain a high effect of reducing wear,
vibration and noise of the parts of the disengaged
wheel side power transmission system and to reduce
energy loss and improve fuel efficiency.

[0123] Furthermore, drag torque can be reduced simply
by arranging the coupling behind the final speed
reduction mechanism, thus making the configuration
simpler than in the prior art and reducing the number of
parts, weight and cost.

[0124] Furthermore, since the drag torque is lower,
there is less heating of the coupling, degradation of oil
is kept low, and its service life is extended.

[0125] Moreover, a coupling constructed using a wet
multi-plate clutch does not require a synchronizer
mechanism, eliminating the need to allow for the
volume of the synchronizer mechanism.

[0126] The four-wheel drive system described in claim
2 can achieve an equivalent effect to the configuration
of claim 1.

[0127] Furthermore, the coupling can be arranged
inside the differential carrier which supports the
differential device, so that lubrication of the wet multi-
plate clutch is easy and durability of the clutch plates
can be improved, as well as achieving greater
compactness of the whole device as compared to ones
where the coupling is provided separately, which can
be advantageously made use of in terms of the vehicle
mounting layout characteristics.

[0128] The four-wheel drive system described in claim
3 can achieve an equivalent effect to the configuration
of claim 1 or claim 2, and in addition, the dog clutch,
which does not generate drag torque in the two-four
switching mechanism, is especially well suited for the
present invention, the object of which is to reduce drag
torque.

[Brief description of the drawings]

[FIG. 1] is a skeleton diagram of a first embodiment.
[FIG. 2] is a cross-sectional view illustrating the main
parts of the first embodiment.

[FIG. 3] is a skeleton diagram of a second embodiment.
[FIG. 4] is a skeleton diagram of a prior art example.
[Description of reference symbols]

5 Transfer case

7 Two-four switching mechanism (dog clutch)

23 Final speed reduction gear set (final speed reduction
mechanism)

25 Rear differential (differential device)

31,33 Rear wheels (wheels disengaged in two-wheel
drive)

65 Outer case

67 Inner case

69 Differential mechanism

71 Clutch mechanism (coupling constructed using a
wet multi-plate clutch)

89 Main clutch (wet multi-plate clutch)

97 Pilot clutch (wet multi-plate clutch)

201 Rear differential (differential device)
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203 Clutch mechanism (coupling constructed
using a wet multi-plate clutch)
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[FIG. 4]
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