SN ..
¢ ] \h}“:. + :‘- " \:.\‘\‘.-'::. -“- Tt " -{'
» b\'{oooi W N a‘l\
‘c ‘0‘\\- LS N ™ > a 0_\ l:o.l 'N -
e e
‘-\. 't ‘\ I' .‘ \\\‘:\“:4:1:\‘t‘\:‘ a
B, o e R N e = XX Laww
.-.. a, \‘l ‘5\‘\- ‘\‘a"a ‘1 "a. ' \1 v v
L) .
- » 'a' I:k’:;’Q:Q:O:'o‘\? "o ™y n 'Y \\
- ae LR S ) . - - -
e "".\"-'\.“"‘ \. \ \

OFFICE DE LA PROPRIETE

{::‘: 'I;I .
. \\ e Q
TR .
l.-"n

RN ""'.

(CANADIAN INTELLECTUAL

(12) (19) (CA) Demande-Application

INTELLECTUELLE DU CANADA t*.\ PROPERTY OFFICE (21) (Al) 2,327,077
(22)2000/11/29
(72) ARAIL, KENTARO, JP (43) 2001/06/03

(72) KUNII, RIKIYA, JP

(71) HONDA GIKEN KOGYO KABUSHIKI KAISHA, JP

(51)Int.CL.” B60K 17/34

(30)1999/12/03 (11-345278) JP

534 SYSTEME DE TRANSMISSION DE PUISSANCE POUR
VEHICULES A QUATRE ROUES MOTRICES

(549 POWER TRANSMISSION SYSTEM FOR FOUR-WHEEL DRIVE
VEHICLES

27
28 25
T L 26
\ 18
SRR
\§§2‘3~1\§ 13
NN »
15 \\\
N 31c
P : \\\:'
19321 %2o§23§3 \32§ \\
2
17 \\ \\ \\
\
N
\
324
13b

B S\

(57) In a power transmission system for a four-wheel drive vehicle, a multiple disk clutch for distributing a proportion
of the torque of the front wheels to the rear wheels 1s provided between a driving shaft which 1s connected to the front
wheels which are main driven wheels and a driven shaft which 1s connected to the rear wheels which are auxiliary
driven wheels. Between the driving shaft and the driven shaft a torque cam mechanism, a hydraulic pump and a
bidirectional clutch mechanism are provided, in that order. When the rotational rate of the front wheels exceeds the
rotational rate of the rear wheels, the bidirectional clutch mechanism 1s engaged, a first rotor of the hydraulic pump
which 1s operatively connected to the front wheels and a second rotor which 1s operatively connected to the rear wheels
rotate relative to each other, and a rotational load 1s generated by a hydraulic circuit. A first cam element and a second
cam element of the torque cam mechanism rotate relative to each other as a result of the above-mentioned rotational

load so as

vehicle

to generate a thrust force, and this thrust force causes engagement of the multiple disk clutch so as to put
0 a four-wheel drive mode. It 1s thus possible to decrease the torque transmission capacity of

bidirectional clutch mechanism so reducing its size and cost.
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Abstract of Disclosure

In a power transmission system for a four-wheel drive vehicle, a multiple disk
clutch for distributing a proportion of the torque of the front wheels to the rear wheels is
provided between a driving shaft which is connected to the front wheels which are main
driven wheels and a driven shaft which is connected to the rear wheels which are
auxiliary driven wheels. Between the driving shaft and the driven shaft a torque cam
mechanism, a hydraulic pump and a bidirectional clutch mechanism are provided, in
that order. When the rotational rate of the front wheels exceeds the rotational rate of
the rear wheels, the bidirectional clutch mechanism is engaged, a first rotor of the
hydraulic pump which is operatively connected to the front wheels and a second rotor
which 1s operatively connected to the rear wheels rotate relative to each other, and a
rotational load 1s generated by a hydraulic circuit. A first cam element and a second
cam element of the torque cam mechanism rotate relative to each other as a result of the
above-mentioned rotational load so as to generate a thrust force, and this thrust force
causes engagement of the multiple disk clutch so as to put the vehicle into a four-wheel

drive mode. It is thus possible to decrease the torque transmission capacity of the

bidirectional clutch mechanism so reducing its size and cost.
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POWER TRANSMISSION SYSTEM FOR FOUR-WHEEL DRIVE
VEHICLES

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a power transmission system for four-wheel
drive vehicles which distributes a proportion of the torque of the main driven wheels

which are directly driven by an engine to auxiliary driven wheels via a multiple disk

clutch.

2. Description of the Related Art

Such a power transmission system for four-wheel drive vehicles is disclosed in
Fig. 10 of Japanese Patent Application Laid-open No. 9-202152. In this system, a
driving shaft which rotates in operative connection with front wheels which are the
main driven wheels and a driven shaft which rotates in operative connection with rear
wheels which are the auxiliary driven wheels are connected to each other via a multiple
disk clutch, and a bidirectional clutch mechanism is provided on the aforementioned
driven shaft. The bidirectional clutch mechanism has the function of enhancing the
ground covering properties of the vehicle by being engaged when the front wheels slip,
which causes the rotational rate of the front wheels to exceed the rotational rate of the
rear wheels, thereby distributing the torque of the front wheels to the rear wheels when
the vehicle is travelling either forward or backward, and the function of avoiding
Influencing the operation of the ABS (anti-lock braking system) by cancelling the
engagement when the front wheels are locked, which causes the rotational rate of the
front wheels to become lower than the rotational rate of the rear wheels, so as to prevent
the torque of the front wheels from being distributed to the rear wheels.

In the above-mentioned conventional system, because the bidirectional clutch

mechanism is provided on the driven shaft which transmits the torque of the front
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wheels to the rear wheels, the aforementioned torque is transmitted directly via the
bidirectional clutch mechanism. Therefore, it is necessary to use a large and expensive

bidirectional clutch mechanism having a large torque transmission capacity, which is

the main cause of the increase in size and cost of the power transmission system.

Summary of the Invention

The present invention has been conceived in view of the above-mentioned
circumstances, and it is an object of the present invention to reduce the torque
transmission capacity of a bidirectional clutch mechanism which is used in a power
transmission system for four-wheel drive vehicles and to reduce the size and cost of the
bidirectional clutch mechanism.

In accordance with a first aspect of the present invention, in order to achieve the
above-mentioned object, a power transmission system for four-wheel drive vehicles is
proposed for distributing a proportion of the torque of the main driven wheels which are
directly driven by an engine to auxiliary driven wheels via a driving shaft, a multiple
disk clutch and a driven shaft, comprising a torque cam mechanism which comprises a
first cam element and a second cam element which can rotate relative to each other and
which generates a thrust force for engaging the multiple disk clutch by the relative
rotation of the two cam elements, a bidirectional clutch mechanism which comprises a
first clutch element and a second clutch element which can rotate relative to each other
and which engages the two clutch elements with each other regardless of the rotational
direction of the first clutch element when the rotational rate of the first clutch element
exceeds the rotational rate of the second clutch element and a load generating means
comprising a first rotor and a second rotor which can rotate relative to each other which
generates a rotational load by the relative rotation of the two rotors, wherein the driving
shaft is connected to the first cam element of the torque cam mechanism, the second
cam element of the torque cam mechanism is connected to the first rotor of the load

generating means, the second rotor of the load generating means is connected to the first
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clutch element of the bidirectional clutch mechanism, and the second clutch element of
the bidirectional clutch mechanism is connected to the driven shaft.

In accordance with a second aspect of the present invention, in addition to the
above-mentioned first aspect, a power transmission system for four-wheel drive
vehicles is proposed in which the above-mentioned load generating means is a hydraulic
pump.

In accordance with a third aspect of the present invention, in addition to the
above-mentioned first aspect, a power transmission system for four-wheel drive
vehicles is proposed in which the above-mentioned load generating means is a power
generator.

In accordance with the above-mentioned arrangements, the bidirectional clutch
mechanism is in a disengaged state when the vehicle is travelling forward at a constant
speed, where the rotational rate of the main driven wheels coincides with the rotational
rate of the auxiliary driven wheels and when the vehicle is braking when travelling
forward where the rotational rate of the main driven wheels is less than the rotational
rate of the auxiliary driven wheels. As a result, the second rotor of the load generating
means rotates under no load by being dragged by the first rotor, the torque cam
mechanism does not transmit any torque and no thrust force is thus generated, the
multiple disk clutch is disengaged, and the vehicle is maintained in a two-wheel drive
state.

Because the bidirectional clutch mechanism is in an engaged state when the
vehicle starts to travel forward and when the vehicle accelerates in the forward direction
where the rotational rate of the main driven wheels exceeds the rotational rate of the
auxiliary driven wheels, the first clutch element of the bidirectional clutch mechanism
brakes the second rotor of the load generating means so causing rotation relative to the
first rotor. As a result, the load generating means generates a load, the torque cam
mechanism transmits the torque so as to generate a thrust force, the multiple disk clutch

is therefore engaged and the vehicle switches over to a four-wheel drive state.
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When the vehicle is travelling backward the direction in which each of the
elements of the power transmission system rotates is opposite to the rotational direction
when the vehicle is travelling forward, and since the bidirectional clutch mechanism
engages the first clutch element with the second clutch element regardless of the
rotational direction of the first clutch element when the rotational rate of the first clutch
element exceeds the rotational rate of the second clutch element, the bidirectional clutch
mechanism 1s disengaged when the vehicle is travelling backward at a constant speed
and when the vehicle is being braked backward in the same manner as when it is
travelling forward so as to maintain the vehicle in a two-wheel drive state, and the
bidirectional clutch mechanism is engaged so as to switch the vehicle over to a four-
wheel drive state when the vehicle starts to travel backward and when the vehicle
accelerates backward.

Torque transmitted from the main driven wheels to the auxiliary driven wheels is
not directly applied to the bidirectional clutch mechanism; only a small torque which is
transmitted by the torque cam mechanism is applied to the bidirectional clutch
mechanism, and it is therefore possible to decrease the torque transmission capacity of
the bidirectional clutch mechanism, thereby reducing the size and the cost thereof.

With regard to the load generating means, a hydraulic pump or a power
generator can be used.

The above-mentioned objects, other objects, characteristics and advantages of
the present invention will become apparent from an explanation of preferable

embodiments which will be described in detail below by reference to the attached

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 to Fig. 6 illustrate a first embodiment of the present invention.

Fig. 1 is a diagram showing the arrangement of the entire power transmission

line of a four-wheel drive vehicle.
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Fig. 2 1s a diagram showing the structure of a power transmission system.

Fig. 3A and Fig. 3B are enlarged cross sectional views at line 3-3 in Fig. 2.

Fig. 4 1s an enlarged cross sectional view at line 4-4 in Fig. 2.

Fig. 5A, Fig. 5B and Fig. 5C are diagrams for explaining the action of a
bidirectional clutch mechanism.

Fig. 6 1s a schematic view showing the power transmission path.

Fig. 7 1s a diagram showing the structure of a power transmission system of a
second embodiment of the present invention.

Fig. 8 1s a diagram showing the structure of a power transmission system of a
third embodiment of the present invention.

C RIPTION OF THE PREFERRED EMBODIMEN"

Practical features of the present invention are explained below by reference to
embodiments of the present invention shown in the attached drawings.

Fig. 1 to Fig. 6 illustrate the first embodiment of the present invention.

As shown 1n Fig. 1, the output from an engine E mounted in the front part of a
four-wheel drive vehicle is input into a differential gear 2 at the front via a transmission
1, the output from the differential gear 2 is transmitted to right and left front wheels WH,
Wi, which are main driven wheels, via drive shafts 3, 3. Furthermore, the output from
the engine E which has been input into the differential gear 2 is input to a power
transmission system T which is described hereinafter, via a bevel gear 4 and a driving
shaft 5, the output from the power transmission system T is transmitted to a differential
gear 8 at the rear via a driven shaft 6 and a bevel gear 7, and furthermore the output
from the differential gear 8 is transmitted to right and left rear wheels Wr, Wr, which
are auxiliary driven wheels, via drive shafts 9, 9.

As shown in Fig. 2, the power transmission system T which is placed between
the driving shaft 5 which rotates in operative connection with the rotation of the front
wheels W, Wf and the driven shaft 6 which rotates in operative connection with the

rotation of the rear wheels Wr, Wr comprises a multiple disk clutch 11, a torque cam
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mechanism 12, a hydraulic pump 13 and a bidirectional clutch mechanism 14 which are
placed 1n that order from the driving shaft 5 side to the driven shaft 6 side.

The muitiple disk clutch 11 governs the transmission and blocking of torque
between the driving shaft 5 and the driven shaft 6 and is formed by alternately
supertmposing a plurality of frictional engagement members 16 - supported on a clutch
outer 15 which rotates together with the driving shaft 5 and a plurality of frictional
engagement members 18 - supported on a clutch inner 17 which rotates together with
the driven shaft 5, and the two frictional engagement members 16 ---, 18 -- come into
close contact with each other by receiving a thrust force from the torque cam
mechanism 12, which is described hereinafter so as to engage the driving shaft 5 with
the driven shaft 6. In the state in which the multiple disk clutch 11 is engaged, torque
1s transmitted from the front wheels Wf, Wf to the rear wheels Wr, Wr, and in the state
in which the engagement of the multiple disk clutch 11 is released, the transmission of
torque from the front wheels W1, Wt to the rear wheels Wr, Wr is blocked.

As 1s clear by referring to Fig. 3A and Fig. 3B together with Fig. 2, the torque
cam mechanism 12 comprises a first cam element 19 which is connected by splines to
the clutch outer 15 and a second cam element 21 which is connected to the forward end
of a sleeve 20 coaxially fitted around an outer circumference of the driven shaft 6, and a
plurality of balls 22 - are supported between the plurality of triangular cam channels
19a -+, 21a - which are formed on the surfaces of the first cam element 19 and the
second cam element 21, respectively, that face each other.

The hydraulic pump 13 which forms a load generating means of the present
invention comprises, for example, a known vane pump; a pump rotor which forms a
first rotor 23 of the load generating means is connected to the rear end of the
aforementioned sleeve 20 and a cam ring which forms a second rotor 24 of the load
generating means is connected to a first clutch element 29 of the bidirectional clutch
mechanism 14 which is described hereinafter. The hydraulic pump 13 comprises a

first port 13a and a second port 13b; when the first rotor 23 and the second rotor 24

6



10

15

20

235

CA 02327077 2000-11-29

rotate relative to each other in one direction the hydraulic oil which is taken in through
the first port 13a discharges into the second port 13b, and when the first rotor 23 and the
second rotor 24 rotate relative to each other in the other direction the hydraulic oil
which 1s taken in through the second port 13b discharges into the first port 13a.

A hydraulic circuit 25 which is connected to the hydraulic pump 13 is formed by
connecting in parallel an orifice 26 which is placed between the first port 13a and the
second port 13b, a relief valve 27 which opens when the oil pressure of the first port 13a
exceeds the oil pressure of the second port 13b by a predetermined value, and a relief
valve 28 which opens when the oil pressure of the second port 13b exceeds the oil
pressure of the first port 13a by a predetermined value.

As 1s clear by referring to Fig. 4 together with Fig. 2, the bidirectional clutch
mechanism 14 comprises a ring-shaped first clutch element 29 which is positioned
outermost in the radial direction and is connected to the second rotor 24 of the hydraulic
pump 13, a second clutch element 30 which is positioned coaxially inside the first
clutch element 29 and is connected to the outer circumference of the driven shaft 6, an
annular retainer 31 which is placed in a rotatable manner between the first and second
clutch elements 29, 30, and a plurality of sprags 32 -+ which are supported so as to fit
inside a plurality of pockets 31a --- formed in the retainer 31 at predetermined intervals
and a plurality of indentations 29a - formed on the inner circumference of the first
clutch element 29 at these predetermined intervals. The indentations 29a -+ are formed
on the inner circumference of the first clutch element 29, which is the outer of the two
clutch elements, and a circular surface 30a is formed on the outer circumference of the
second clutch element 30, which is the inner of the two clutch elements. The sprags 32

- are therefore retained by being surrounded by the indentations 29a --- of the first
clutch element 29, the circular surface 30a of the second clutch element 30 and the

pockets 31a - of the retainer 31.

Shoes 31c - provided at the tip end of arms 31b ‘- which extend from the

retainer 31 are frictionally engaged in a slidable manner with the inner surface of a
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casing 33 of the power transmission system T. A pin 34 which protrudes from the
retainer 31 in the radial direction engages with a notch 29b formed on the inner
circumference of the first clutch element 29 so as to limit the angular range over which
the retainer 31 is capable of rotating relative to the first clutch element 29.
Furthermore, the retainer 31 and the sprags 32 ‘- are urged towards the neutral position
shown in Fig. 5A by means of springs 35 -+, 35 -~ which are provided at both edges of

the pockets 31a -- of the retainer 31.

Fig. 6 i1s a schematic diagram of the power transmission path of the pOWer
transmission system T, which will assist in the understanding of the structure thereof.
As shown 1n the figure, the front wheels Wf, Wf, the driving shaft 5, the first cam
element 19 and the second cam element 21 of the torque cam mechanism 12, the first
rotor 23 and the second rotor 24 of the hydraulic pump 13, the first clutch element 29
and the second clutch element 30 of the bidirectional clutch mechanism 14, the driven
shaft 6 and the rear wheels Wr, Wr are connected in series. Thick solid lines linking
each of the components with each other denote direct connections which do not allow
relative rotation and fine double lines, a, b, and ¢ denote connections which do allow
relative rotation.

An action of the embodiment of the present invention comprising the

aforementioned arrangement is explained by reference mainly to Fig. 6.

(1) When travelling forward at a constant speed

When a vehicle is travelling forward at a constant speed in which the front
wheels W1, Wf and the rear wheels Wr, Wr rotate at the same speed, the engagement of
the multiple disk clutch 11 is released, and the distribution of torque from the front
wheels Wf, WT to the rear wheels Wr, Wr is blocked so as to put the vehicle in a two-

wheel drive state. The action when travelling forward at a constant speed is explained

below.

Rotation of the front wheels Wf, Wf, which are driven by the engine E, is
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transmitted to the torque cam mechanism 12 through the driving shaft 5. Because the
torque cam mechanism 12 has the structure in which balls 22 -+ are held between the
cam channels 19a - of the first cam element 19 and the cam channels 21a - of the
second cam element 21, rotation of the first cam element 19 is transmitted to the second
cam element 21 via the balls 22 --. At this stage, since a load is not being applied to
the second cam element 21 as described hereinafter, the torque cam mechanism 12 does
not transmit substantial torque, the first cam element 19 and the second cam element 21
do not rotate relative to each other (see Fig. 3A), and the torque cam mechanism 12
does not generate a thrust force for engaging the multiple disk clutch 11.

When the rotation is transmitted to the first rotor 23 of the hydraulic pump 13
which is connected to the second cam element 21 of the torque cam mechanism 12,
since a load is not being applied to the second rotor 24 as described hereinafter, the
second rotor 24 1s dragged by the rotation of the first rotor 23 and rotates at the same
speed as that of the first rotor 23, and the hydraulic pump 13 idles with no load, neither
taking 1n nor discharging any hydraulic oil.

The first clutch element 29 of the bidirectional clutch mechanism 14 rotates by
being connected to the second rotor 24 of the hydraulic pump 13, the second clutch
element 30 rotates by being connected to the rear wheels Wr, Wr via the driven shaft 6,
and at this stage since the rotational rate of the front wheels Wf, Wf coincides with the
rotational rate of the rear wheels Wr, Wr, the first and second clutch elements 29, 30 of
the bidirectional clutch mechanism 14 rotate in the same direction at the same speed,
thereby, bringing about a slip state in which no torque is transmitted.

That 1s to say, as shown in Fig. 5B if the second clutch element 30 of the
bidirectional clutch mechanism 14, which rotates in operative connection with the
rotation of the rear wheels Wr, Wr, rotates in the forward direction shown by the arrow
Nr, the retainer 31 which is dragged by the second ciutch element 30 also rotates in the
forward direction, but because the retainer 31 is retarded by the shoes 31c -+ (see Fig. 2)

which frictionally engage with the casing 33, the rotation of the retainer 31 is retarded
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by a predetermined angle relative to the first clutch element 29, and the pin 34 stops at a
position In which it is in contact with one edge of the notch 29b of the first clutch
element 29 (Fig. 5B). In this state torque is transmitted from the first clutch element
29 to the second clutch element 30 only when the rotational rate Nf of the first clutch
element 29 1n the forward direction exceeds the rotational rate Nr of the second clutch
element 30 1n the forward direction, and no torque is transmitted from the first clutch
element 29 to the second clutch element 30 when the rotational rate Nt of the first clutch
element 29 in the forward direction coincides with or becomes less than the rotational
rate Nr of the second clutch element 30 in the forward direction.

As hereinbefore described, when the vehicle is travelling forward at a constant
speed 1n which the rotational rates Nf, Nr of the first clutch element 29 and the second
clutch element 30 coincide with each other, the bidirectional clutch mechanism 14 is not
engaged, and because the first clutch element 29 can rotate with no load the second
rotor 24 of the hydraulic pump 13 which is connected to the first clutch element 29 can
rotate without any load. Therefore, torque transmission between the first cam element
19 and the second cam element 21 of the torque cam mechanism 12 does not occur, the
phases of the first and second cam elements 19, 21 are maintained in the state shown in

F1g. 3A, and the torque cam mechanism 12 does not generate a thrust force for engaging

the multiple disk clutch 11.

'(2) When starting to travel forward or accelerating forward

When the front wheels Wf, Wf slip as a result of a rapid start or rapid
acceleration on a road surface having a low coefficient of friction, the rotational rate of
the front wheels Wf, Wf exceeds the rotational rate of the rear wheels Wr, Wr, the
multiple disk clutch 11 is engaged, torque is distributed from the front wheels Wf, Wf to
the rear wheels Wr, Wr and the vehicle is put into a four-wheel drive state. The action
when starting to travel forward or accelerating forward is explained below.

At the above-mentioned time when the vehicle is travelling forward at a constant

10
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speed, the rotational rates Nf, Nr of the first clutch element 29 and the second clutch
element 30 of the bidirectional clutch mechanism 14 become identical, but when the
front wheels Wf, Wf slip the rotational rate Nf of the first clutch element 29 of the
bidirectional clutch mechanism 14, which is operatively connected to the rotation of the
front wheels Wi, Wt exceeds the rotational rate Nr of the second clutch element 30,
which is operatively connected to the rotation of the rear wheels Wr, Wr. When the
rotational rate Nf of the first clutch element 29 in the forward direction exceeds the
rotational rate Nr of the second clutch element 30 in the forward direction in Fig. 5B,
the bidirectional clutch mechanism 14 is engaged and the first clutch element 29 and the
second clutch element 30 are joined together.

At this stage the rotational rate Nr of the second clutch element 30, which is
dirccﬂy connected to the rear wheels Wr, Wr via the driven shaft 6 is unchanged, but the
rotational rate Nf of the first clutch element 29, which is connected to the front wheels
Wi, Wf via the hydraulic pump 13 and the torque cam mechanism 12 is decreased to the
same level as the rotational rate Nr of the second clutch element 30 as a result of the
load which is applied by the second clutch element 30. When the rotation of the first
clutch element 29 of the bidirectional clutch mechanism 14 is thus braked, since the
rotation of the second rotor 24 of the hydraulic pump 13 which is connected to the first
clutch element 29 is also braked, the first rotor 23 and the second rotor 24 rotate relative
to each other so as to discharge hydraulic oil from the first port 13a, and this hydraulic
oil returns to the second port 13b passing through the orifice 26 so as to generate a
rotational load in the hydraulic pump 13. In addition, when the discharge pressure of
the hydraulic pump 13 reaches an upper limit the one relief valve 27 opens so as to
restrain the rotational load applied to the hydraulic pump 13 to an upper limit.

When the rotational load so generated in the hydraulic pump 13 brakes the
rotation of the first rotor 23, a difference in rotation is caused between the second cam
element 21 of the torque cam mechanism 12, which rotates by being connected to the

first rotor 23 and the first cam element 19 of the torque cam mechanism 12, which

11
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rotates by being connected to the front wheels Wf, Wf. The phases of the cam channel
19a of the first cam element 19 and the cam channel 21a of the second cam element 21
are displaced so as to generate a thrust force (Fig. 3B), and this thrust force makes the
frictional engagement members 16 -, 18 - of the multiple disk clutch 11 come into
close contact with each other so as to engage them. As a result, the torque of the front
wheels W{, Wf is distributed to the rear wheels Wr, Wr via the driving shaft 5, the
multiple disk clutch 11 and the driven shaft 6 and the vehicle is put into a four-wheel
drive state.

Thus, when the front wheels W£, Wf slip a proportion of the torque of the above-
mentioned front wheels W, Wf is distributed to the rear wheels Wr, Wr so putting the
vehicle in a four-wheel drive state, and the ground covering properties of the vehicle
can be improved. Moreover, the level of torque distributed to the rear wheels Wr, Wr
can be increased according to the increase in the difference between the rotational rate
of the front wheels Wf, Wf and that of the rear wheels Wr, Wr, that is to say, according
to the increase in the degree of slip of the front wheels Wf, Wf. The torque
transmission from the front wheels Wf, Wf to the rear wheels Wr, Wr is carried out by
the multiple disk clutch 11, only a small amount of the torque which is applied between
the first and second cam elements 19, 21 of the torque cam mechanism 12 is transmitted
to the bidirectional clutch mechanism 14 and, therefore, not only can the size and
weight be reduced by using the bidirectional clutch mechanism 14 having a small torque

transmission capacity, but the durability can also be enhanced.

(3) When braking while travelling forward

When a vehicle travelling forward on a road surface having a low coefficient of
friction 1s braked rapidly, because the braking force applied to the front wheels Wf, Wf
1s set so as to be larger than the braking force applied to the rear wheels Wr, Wr, there
are cases 1n which the front wheels lock first and the rotational rate of the rear wheels

Wr, Wr exceeds the rotational rate of the front wheels Wf, Wf. If the multiple disk

12
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clutch 11 is engaged and the vehicle is put into a four-wheel drive state in such cases,
because there is a possibility that the operation of the ABS (anti-lock braking system)
might be affected so degrading the braking performance, it is necessary to maintain the
vehicle in a two-wheel drive state when braking while travelling forward. The action
when braking while travelling forward is explained below.

At the aforementioned time when travelling forward at a constant speed, the
rotational rates Nf, Nr of the first clutch element 29 and the second clutch element 30 of
the bidirectional clutch mechanism 14 are identical, but if the front wheels Wf, Wf are
locked, the rotational rate Nf of the first clutch element 29 of the bidirectional clutch
mechanism 14, which is operatively connected to the rotational rate of the front wheels
W1, W1, becomes less than the rotational rate Nr of the second clutch element 30, which
1S operatively connected to the rotation of the rear wheels Wr, Wr. When the
rotational rate Nf of the first clutch element 29 in the forward direction becomes less
than the rotational rate Nr of the second clutch element 30 in the forward direction in
Fig. 5B, the bidirectional clutch mechanism 14 is disengaged and the first clutch
element 29 and the second clutch element 30 are separated from each other.

That 1s to say, because the first clutch element 29 of the bidirectional clutch
mechanism 14 can rotate at a rotational rate less than that of the second clutch element
30 without receiving any load from the second clutch element 30, rotation of the second
rotor 24 of the hydraulic pump 13, which is connected to the second clutch element 30,
s not restrained, and the first rotor 23 and the second rotor 24 of the hydraulic pump 13
therefore rotate at the same speed in a state in which no load is being applied. As a
result, the first cam element 19 and the second cam element 21 of the torque cam
mechanism 12 rotate in the same phase without transmitting any torque, and because no
thrust force for engaging the multiple disk clutch 11 is generated the vehicle is

maintained in a two-wheel drive state.

(4) When travelling backward

13
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When a vehicle is travelling backward it can switch between a two-wheel drive
state and a four-wheel drive state in the same manner as in the above-mentioned case
when it is travelling forward. In detail, the two-wheel drive state is maintained when
travelling backward at a constant speed or in the case where the front wheels W, Wf
are locked when braking while the vehicle is travelling backward, and it is switched
over to the four-wheel drive state in the case where the front wheels Wf, Wf slip when
starting to travel backward or when travelling backward with rapid acceleration. The
action when travelling backward is explained below.

When a vehicle is travelling backward, since the rotational direction of all the
elements in Fig. 6 are reversed, the second clutch element 30 of the bidirectional clutch
mechanism 14 rotates in the direction shown by the arrow Nr in Fig. 5C. As a result,
the retainer 31 which is dragged by the rotation of the second clutch element 30 in the
reverse direction rotates in the reverse direction, but because the retainer 31 is braked by
the shoes 31c -~ which frictionally engage with the casing 33 (Fig. 2), its rotation is
retarded relative to the first clutch element 29 by a predetermined angle in the rotational
direction so as to be in the state shown in Fig. SC. In this state it is only when the
rotational rate Nf of the first clutch element 29 in the reverse direction exceeds the
rotational rate Nr of the second clutch element 30 in the reverse direction that a torque is
transmitted from the first clutch element 29 to the second clutch element 30, and when
the rotational rate Nf of the first clutch element 29 in the reverse direction coincides
with or becomes less than the rotational rate Nr of the second clutch element 30 in the
reverse direction, no torque is transmitted from the first clutch element 29 to the second
clutch element 30.

As hereinbefore described, because the bidirectional clutch mechanism 14 is not
engaged when the vehicle is travelling backward at a constant speed where the
rotational rates Nf, Nr of the first clutch element 29 and the second clutch element 30
coincide with each other, and when the vehicle is braked while travelling backward

where the rotational rate Nf of the first clutch element 29 becomes less than the

14
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rotational rate Nr of the second clutch element 30 and the first clutch element 29 can
rotate without a load, the second rotor 24 of the hydraulic pump 13, which is connected
to the first clutch element 29, can rotate without a load. Therefore, no torque is
transmitted between the first cam element 19 and the second cam element 21 of the
torque cam mechanism 12, and the multiple disk clutch 11 is disengaged so as to
maintain a two-wheel drive state.

When the front wheels Wf, Wf slip when the vehicle is starting to travel
backward and when the vehicle is rapidly accelerating while travelling backward
thereby causing the rotational rate Nf of the first clutch element 29 to exceed the
rotational rate Nr of the second clutch element 30, the bidirectional clutch mechanism
14 1s engaged and the first clutch element 29 is braked by receiving a load from the
second clutch element 30. As a result, the first rotor 23 and the second rotor 24 of the
hydraulic pump 13 rotate relative to each other so as to generate a rotational load, torque
1s transmitted between the first cam element 19 and the second cam element 21 of the
torque cam mechanism 12 so generating a thrust force, and the multiple disk clutch 11 is
engaged by this thrust force and the vehicle is put into a four-wheel drive state.

| In addition, the rotational direction of the hydraulic pump 13 when the vehicle is
starting to travel backward or is rapidly accelerating while travelling backward is the
reverse of that when the vehicle is starting to travel forward or is rapidly accelerating
torward, the first port 13a becomes an induction port and the second port 13b becomes a

discharge port. Therefore, the upper limit for the oil pressure is restrained by the other

relief valve 28.

The second embodiment of the present invention is explained by reference to Fig.

The second embodiment differs from the aforementioned first embodiment in
terms of the layout of the bidirectional clutch mechanism 14. That is to say, in the first
embodiment the bidirectional clutch mechanism 14 is placed coaxially on the driven

shaft 6, but in the second embodiment the bidirectional clutch mechanism 14 is placed

135
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at a position away from the driven shaft 6. A gear 41 provided on the first clutch
element 29 of the bidirectional clutch mechanism 14 meshes with a gear 42 provided on
the second rotor 24 of the hydraulic pump 13, and a gear 43 provided on the second
clutch element 30 of the bidirectional clutch mechanism 14 meshes with a gear 44
provided on the driven shaft 6. In this case, the gear ratio of the two gears 41, 42 on
the first clutch element 29 side coincides with the gear ratio of the two gears 43, 44 on

the second clutch element 30 side.

The third embodiment of the present invention is explained by reference to Fig.

In the third embodiment a power generator 45 is used as the load generating
means instead of the hydraulic pump 13 of the first embodiment. The power generator
45 comprises a first rotor 46 which forms a power generator rotor on the inner side
thereof and a second rotor 47 which forms a stator on the outer side thereof; the first
rotor 46 1s connected to the second cam element 21 of the torque cam mechanism 12 via
the sleeve 20, and the second rotor 47 is connected to the first clutch element 29 of the
bidirectional clutch mechanism 14. Both ends of the coil of the second rotor 47 are
connected to a controller 48. When the first rotor 46 and the second rotor 47 of the
power generator 45 rotate relative to each other, since the load so generated acts so as to
suppress the rotation of the first rotor 46, it can exhibit the same function as that of the
hydraulic pump 13 of the first embodiment.

Thus, the same operational effects as those obtained by the first embodiment can
be achieved by the second and third embodiments.

The embodiments of the present invention are explained in detail above, but the
present invention can be modified in a variety of ways without departing from the spirit

and scope of the invention.

For example, the structure of the bidirectional clutch mechanism 14 is not
limited to that described in the embodiments, and rollers may be used instead of the

sprags 32.

16
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Claims

1. A power transmission system for four-wheel drive vehicles for
distributing a proportion of the torque of the main driven wheels which are directly
driven by an engine to auxiliary driven wheels via a driving shaft, a multiple disk clutch
and a driven shaft, comprising;:

a torque cam mechanism comprising a first cam element and a second cam
element which are capable of rotating relative to each other, the torque cam mechanism
generating a thrust force for engaging the multiple disk clutch by the relative rotation of
the two cam elements;

a bidirectional clutch mechanism comprising a first clutch element and a second
clutch element which are capable of rotating relative to each other, the bidirectional
clutch mechanism engaging the two clutch elements with each other regardless of the
rotational direction of the first clutch element when the rotational rate of the first clutch
element exceeds the rotational rate of the second clutch element; and

a load generating means which comprises a first rotor and a second rotor which
are capable of rotating relative to each other, the load generating means generating a
rotational load by the relative rotation of the two rotors,

wherein the driving shaft is connected to the first cam element of the torque cam
mechanism, the second cam element of the torque cam mechanism 1s connected to the
first rotor of the load generating means, the second rotor of the load generating means 1s
connected to the first clutch element of the bidirectional clutch mechanism, and the

second clutch element of the bidirectional clutch mechanism is connected to the driven

shaft.

2. A power transmission system for four-wheel drive vehicles according to

claim 1, wherein said load generating means comprises a hydraulic pump.

3. A power transmission system for four-wheel drive vehicles according to

17
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claim 1, wherein said load generating means comprises a power generator.

18

Al ATI 3 NIRRT CR IR LR LA 35 Tadh o ph 3t sl ey

1A R AL b Byt PRI L et O o LA oA [T 2T T e T ettt ] e A s A4



CA

02327077 2000-11-29

F1G.T

Wi

Wr



-29

02327077 2000-11

CA

200
« \ R
NN — SANNNNN

™ 14/%.?. 7 \9“.
1o <+ “_m DA, “
2 > \§ x\“wﬂm 57 m \\\\\\\ \

\A\\T .\“\\A\\ %m AQM\\ M% yeu’ 3\\\\\

2\\\\\\\ m M\m 1 ~

§i_m.- _ “ww\\\ \\ "

I N
‘mnmmm‘\_

g ,-.muuuuuu.qm....
== ”

.I"!lllilf)

llllll‘t"l

T S — Y il ST Sy S—— .

.l}i'l']ln

I’![I‘tlll'

Pt Tttty ey re s cubabiae N e SITLRH LA BOHNGIIR | ¢ D €01 34 TR MK bk et b Rt e e e

T T T e ememy sy <O NI A OGN MG 1t A R N HEMRE b Ak MM MR TR L (A b e e



CA 02327077 2000-11-29

F1G.3B

THRUST FORCE @

o /



CA 02327077 2000-11-29




CA 02327077 2000-11-29

29a

' 2
29b

9
FIG.5A Ot
| 3022\

o
\\\ 30a

FRICTIONAL \§\\‘\\ \
\ \\30:&\\\

NANNNNNNN

14

31a/
31




02327077 2000-11-29

CA

REAR WHEELS

DRIVEN SHAFT

WSINVHO3IWN HO1N1D
1VNOILO3YIAIg

‘I‘-I‘I"Il'l"'l"ll"

(SNV3IWN
ONILVYY3INID avo)
dANd DITNVYYAAH

“i.-l'-Il'I-‘I-‘

FIRST ROTOR

WNSINVHO3IIN
ANVO JNOYOL

FIRST CAM ELEMENT

DRIVING SHAFT

FRONT WHEELS

W’ﬂ-‘cmmﬁw (SR LY | PR TR TP IR .

. . . ' EISE SRS .u-m'-':.dn'n;u.w.mm;.“wmmmumuw,, MV ALB RS AL her ot . .



-29

02327077 2000-11

CA

O

2/, MW Mw ”

a ¥ “_s,\\.\\\%sz\\\ SN

? SV AR 3

S 3 \“:

.. N
» A\ N
N w%.
N

© | Ig) S %“%

N NS w\ﬁ:\*\; I/AIN\\\\\\\\\ N
NN : RN SUNN
SN A S R

15 DN B
o0 '\ , — p———

Iililili‘

i o L IR P —




-29

02327077 2000-11

CA

F1G.8

72k
1

7 IIIRZL 7R

V NS AR Ny SEm ke ey sp—

., & F ¥ O ¥
iy gEN SENy AERY SN GENY NN 8

PR SR dune SN SRS SR A

L& £ F F F F ¥

uuuuuu ‘WN

‘.‘.‘.~.-.~.~L

i Ll p—

it et e T

S — Oy ro— —  —.  — ——

. V. . W V. . .

Tl

15

. w—— b 3 S s ——— S S i speemr S

!'lllil.

k s~.\\\h NN

N

L r r ¥Fr "

/77777777

D Sl STy G D SN Rk ek P T S .
' el demey S WD SR iy sl — w—— -
T Bemy wm—— gy ol delee s——
[ K F F Wy W
¢ ANNE SEER Ry AN SEES SEEE Sk
L&  F F F F U F ¥
e X, & F |

. .
W T .
L & _F F F F W T
L X & F " F F W
& F _F 3
I AND ANEE shuiy SEND ARky sty e

- wmh

et & & F _F " W, s

F AN AU dduy SN AENE AN SREn

> SENY AN dew dyur sy SpEy 4
P U e sumpy Ry ek s S Yl w

Q\
g

’
‘.‘.‘.‘..“‘\

X/
A\.\ .

R W W L. A0, W .

T — RN Wiid  d— S— S—. SO =

u — YT S— AP —  — S— ST B

ML SAATL 134 30 DDA L L) TR R A LAl A b b et 1 11 LS SAA N el 4 b irk ] AL p b e by s ab e op

Heve sl



27

28 jS
T — 26
\ A SRR
NN
§\2\T\} 13
22 Y /
15 AR 294
r N \ e 31c
4% 3 =TS0
ll\\\\ S
NN \
17 \\ \\ \\\
N\
N\
\ . 7
324

13b

S\

.



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - abstract drawing

