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(57) Claim

1. A coupling apparatus provided with double clutches,

comprising: i
{a) first rotating means (1029%);3
(b} second rotating means (1033) disposed coaxially

with said first rotating means;

(c) main clutch means (1045) disposed between said )
first and second rotating means, for controllably o
transmitting a rotative nmotion between said first and
second rotating means when controllably engaged:

(&) cam ring means (1053) disposed coaxially with said
first and second rotating means and sald main clutch means, vy

vy &

| A e

for contrellably engaging only said main clutch means when
axiajly slidably actuated;

(e) pilot clutch means (1061} disposed between said
cam ring means and any ons of said first and second
rotating means, for axially slidably actuating said cam
ring means when controllably engaged; and

(£) pilet clutch -actuating theans  (1063) for
controllably engaging said pilot clutch means to axially
slidably actuating said cam ring means so that said main
clutch means is controllably engaged.
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ABSTRACT OF THE DISCLOSURE

To stably control clutch engagement torque of a
multidisk friction plate clutch provided between two rotary
members, without being directly subjected to the influence
of friction plate wear or of fluctuations in friction
coefficient betﬁeem two clutch plates, the coupling
apparatus comprises a pilot clutch, a main clutch and dual
cam ring members disposed between the two c¢lutches. When
the pilot clutch is engaged by an actustor in a first
direction, since a first slidable cam ring rotation is
limited by the pilot clutch relative to a second fixed cam
ring, the first slidable cam ring is shifted in ) second
opposite direction by a cam thrust force to engage the main
clutch. The coupling apparatus is sultably incorporated in
a differential gear assembly mounted on autometive vehicles
in order to controllably and stably limit the differential

motion between two shafts.
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COUPLING APPARATUS WITH DOUBLE CLUTCHES

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a coupling apparatus
provided with double clutches which is connected between
first and second rotary shafts to transmit power from the
first shaft to the second shaft or vice versa, and in
particular suitable for use with a differential gear
assembly mounted on an automotive vehicle to limit

differential motion thereof as conditieons require.

Description of the Prior Art

A limited-slip differential gear assembly provided
with a sin§lé multidisk clutch for 1limiting differential
cperation is disclosed in U. S. Pat. No. 4,718,303 or No.
4,781,078. In each of these prior-art differential gear
assemblies provided with a single multidisk clutch, the
engagement force of the multidisk clu®ch is controlled by
an electromagnet. 'That 1is, when the electromagnet 1is
energized, friction force is generated between two
contacting friction plates due to the differential motion
to actuate a cam mechanism, se that the friction plates are
further brought into tight contact with each other by a cam
thrust to increase the friction force into the multidisk

clutch engagesant.

In this prior-art coupling apparatus, however, when
the friction plates of the multidisk clutch wear away,
since the air gap between the electromagriet and a plunger
member varies and therefore thé characteristics between
magnet current valve and clutch engagement force change,
there exists a problem in thet an appropriate differential
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limiting operation will not be controlled stably and
reliably by the electromagnet. Further, where the thrust
force is increased by changing the cam angle, since the
clutch engagement force multiplied by the cam increases
greatly with increasing frictional coefficient p of the
friction plates, as shown by the prior—art;cdfve shown in
Fig. 1(C), it is impossible to stably cdntrql a large
differential limitation force by the cam. Therefore, where
a large torque is reqguired to be controlled, the diameter
of the clutch inevitably increases and therefore the size

of the coupling apparatus also increases.

SUMMARY OF THE INVENTION

With these problems in mind, therefore, it 1is the
primary object of the present invention to provide a
coupling apparatus with double clutches small in size and
stable and iargé in coupling (or differential motion)
limiting force, without being subjected to direct influence
of the electromagnet attractive force and the cam angle.

To atchieve the above-mentioned object, a coupling
apparatus provided with double clutches, according to the

present invention, comprises: (a) first rotating means

(1029); (b) second rotating means (1033) disposed coaxially
with said first rotating means; (c) main clutch means
(1045) disposed between said first and second rotating
means, for controllably transmitting a Trotative motion
between said first and second rotating means when
controllably engaged; (d) cam ring means (1053) disposed
coaxially with said first and second rotating means and
said majn ckutch means, for controllably engaging only said
main clutch means when axially slidably actuated; (e) pilot
clutch means (1061) disposed between said cam ring means
and any one of said first and second rotating means, for
axially slidably actuating said c¢am ring means when




controllably engaged; and (f) pilot clutch actuating means
(1063) for controllably engaging said pilot clutch means to i
axially slidably actuating said cam ring means so that said
main clutch means is controllably engaged. Further, in the
second embodiment in which the coupling apparatus is
incorporated with a planetary Jdifferential gear assembly as
shown 1in Fig. 3, the coupling apparatus provided with
double <clutches, according to the present invention, 1
comprises: (a) first rotating means (31); (b) second
rotating means (47) differentially coupled to said first
rotating means; (¢) third rotating means (53) disposed

covaxially with said second rotating means and {
differentially coupled to said first rotating means; (4) ’
main clutch means (75) disposed between said first and
third rotating means, for controllably transmitting a
rotative motion between said first and third rotating means
when controllably engaged; (e) cam ring means (79) disposed
coaxially with said first, second and third rotating means
and said main clutch means, for controllably engaging only
said main clutch means when axially slidably actuated; (f)

pilot clutch means (87) disposed between said cam ring

means and said first rotating means, for axially slidably
actuating said cam ring means wiien controllably engaged;
and (g) pilot clutch actuating means (89) for controllably
engaging said pilot .clutch means to axially slidably
actuating said cam ring means so that said main clutch - »
means is controllably engaged. Further, the cam ting means

(1053) comprises: (a) a first cam ring (1047) axially

slidably fitted to any one of said first and second
rotating means; .and {(b) a second cam ring (1049%9) fixedly
fitted to any one of said first and second rotating means;
when said pilot clutch means is engaged in a first
direction, said first cam ring being axially shifted in a
second direc¢tion opposite tc the first direction by a cam
thrust force generated between said first and second cam

" pen—s

rings to engage said main c¢lutch means.
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The cam thrust force is generated between said first
and second cam rings by a plurality of projections
opposingly formed along each inner contact surface of said
first and second cam rings so as to be engaged with each
other or by a plurality of balls (78, 337, 409) sandwiched
between two opposing recesses opposingly formed along each
inner contact surface of said first and second cam rings so
as to be engaged with each other via said balls.

In the third embodiment in which the coupling
apparatus 1is incorporated with a planetary differential
gear assembly housed within a transfer as shown in Fig. 4,
said first rotating means is a planetary carrier (111) and
said second rotating means is a sun gear shaft (109); and
said pilot clutch means (157) is disposed between said cam
ring means (151L) and a planpetary carrier (111) rotatable
within a transfer case (119). In the fourth embodiment in
which the «coupling apparatus 1is incorporated with a
planetary differential gear assembly housed within a
transfer as shown in Fig. 5, said first rotating means is a
differential case (171) and said second rotating means is a
sun gear (175); and said pilot clutch means (217) is
disposed between said cam ring means (213) and a rotary
case (185) rotatable within a transfer case (191). 1In the
fifth embodiment in which the coupling apparatus is
incorporated with a rear differential gear assembly within
a differential carrier as shown .-in Fig. 6, said first
rotating means is a planetary carrier (319) and said second
rotating means is a sun gear shaft (329); said pilot clutch
means (347) is disposed betweeri said cam ring means (339)
and said plahetary carrier (319) rotstable within a
differential carrier case (303);. and said cam ring menas
for engaging said main clutch means (333) is engaged with a
differential case (311). In the seventh embodiment in
which the coupling apparatus is connected between a
propeller shaft and a rear differential gear as shown in
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Fig. 8, said first rotary means is a coupling shaft (531)
connected to the propeller shaft and said second rotating
means is a drive pinion shaft (549) &f the rear
differential gear; and said pilot clutch means is disposed

5 between said cam ring means (513) and a clutch drum (539)
fixed to said coupling shaft (531).

The clutch actuating means is an electromagnet or an
air piston. The pilot clutch means is a multidisk friction
plate clutch or a magnetic fluid multidisk plate clutch.

10 The main clutch means is a multidisk friction plate clutch.

In the coupling apparatus provided with two clutches
according to the present invention, when the <c¢lutch
actuating means is actuated, since the pilot clutch means
is engaged, the cam ring means is actuated in such a way

seeerr 15 that a first slidable cam ring rotatioen is limited by the
AL pilot clutch relative to a second fixed cam ring.
Therefore, the first slidable cam ring is shifted by a cam
s thrust force.generated between the two cam ring members to
Tt engage the main clutch, so that the two rotating means are
* 20 coupled. Here, since the engagement torque of the pilot
clutch is controlled by attractive force of the clutch
actuating means, it 1is possible to controllably transmit
torque between the twovrbtating means.
T Therefore, when the coupling apparatus according to
2'*1'v 25 the present invention. is incorporated in a differential

gear assembly for automotive vehicles, it is possible to
reliably limit or control differential motion of the gear ;

assembly.

30 BRIEF DESCRIPTION OF THE DRAWINGS
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Fig. 1{A) is a cross-sectional view showing a first
(basic) embodiment of the coupling apparatus provided with
double multidisk clutches according to the present
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Fig. 1(B) is an enlarged partial cross-sectional view
taken along the line A-A shown in Fig. 1(A), for assistance
in explaining the cam mechanism of the coupling apparatus;

Fig. 1(CJ is a graphical representation showing the
relationship between the friction coefficient (u) between
two clutch plates and the clutch engagement torque, in
comparison between the invention apparatus and the
prior-art apparatus:

Fig. 2 is a skeleton diagram showing an exemplary
engine power drive system of a 4-wheel drive vehicle, to
which the coupling apparatus according to the present
invention can be preferably applied;

Fig. 3(A) is a cross-sectional view showing a second
embodiment of the coupling apparatus according to the
present invention applied to a center differential gear
assenmbly shown in Fig. 2;

Fig. 3(B) 1is an enlarged partial cross-sectional view
taken along the .line A-A shown in Fig. 3(A);

Fig. 4(A) is a cross—-sectional view showing a third
embodiment of the coupling apparatus applied teo a transfer
including a center differential gear assembly;

Fig. 4(B) is an enlarged partial cross-sectional view
taken along the line A-~A shown in Fig. 4(A);

Fig. 5(A) is a cross~sectional view showing a fourth
embodiment of the coupling apparatus according to the
present invention applied to a center differential gear
assembly shown in Fig. 2, in which the basic embodiment
shown in Fig. 1(A) is combined with a planetary-type
differential gear aésembly;

Fig. 5(B) is an enlarged partial cross-sectional view
taken along the line A~A shown in Fig. 5(A);

Fig. 6 1is a cross-sectional view showing a fifth
embodiment of the coupling apparatus according to the
préesent invention applied to a rear differential gear

assembly shown in Fig. 2;




10

‘ 15

20

25

35

Fig. 7 1is a cross-sectional view showing a sixth
embodiment of the coupling apparatus according to the
present invention applied to a planetary differential gear
assembly, in which an electromagnetic fluid is charged into
a working chamber of a pilot clutch;

Fig. 8(A) is a cross-sectional view showing a seventh
embodiment of the coupling apparatus according to the
present invention connected between the propeller shaft and
the rear differential gear assembly shown in Fig. 2; and

Fig. B(B) is an enlarged partial cross-sectional view

taken along the line A-A shown in Fig. 8(A).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The coupling apparatus provided with double clutches
according to the present invention will be described in

further detail hereinbelow with reference to the attached

drawings.

lst (Basic) Embodiment
Figs. 1(A} and (B) show a first (basic) embodiment of

the coupling apparatus according to the present invention.
The apparatus comprises roughly a first rotary member 1029,
a second rotary member 1033, a pilot multidisk clutch 1061,
a main multidisk €lutch 1045, an electromagnet 1063, a push
riné 1055 attracted by the electromagnet 1063 when
energized, a cam mechanism 1053 formed between a first cam
ring 1047 (axially slidable) and a second cam ring 1049
fixed to the first rotary member 1929, etc.

In more detail, the first rotary member <(shaft) 1029
is rotatably supported within a ¢lutch drum 1031. The drum
1031 is fixed to the second rotary member (shaft) 1033

supported coaxially with the shaft 1029 within a casing

1039 via bearings 1035 and 1037. A rotative power is
supplied to the shaft 1029 and a load is connhected to the
shaft 1033.
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Friction plates 1041 and 1043 of the main clutch 1045 .
are axially slidably arranged between the clutch drum 1031
and the shaft 1029 in alternate juxtapose poesitional ¢
relationship to each other. That is, the outer friction
5 plates 1041 are axially slidably engaged with the drum
1031, and the inner friction plates 1043 are axially
slidably engaged with the shaft 1029 so as to construct the
main multidisk clutch 1045.
The first slidable cam ring 1047 is axially slidably
10 fitted to the shaft 1029 on the right side of the main
multidisk clutch 1045. Further, the second fixed cam ring
1049 is spline engaged with the shaft 1029 and fixed by a i
retainer ring 1051 from the right side. As shown in Fig.

1(A), the cam mechanism 1053 is formed between these two

«z+est 15 cam rings 1047 and 1049, in such a way that a cam thrust

HER LN force is generated between the first and second cam rings

.'“, 1047 and 1049 by a plurality of projections opposingly

?:::: ~ formed along each inner contact surface of the two cam

Teut d rings so as to be engaged with each other.

E,f:' 20 The push ring 1055 is also axially slidably spline F
engaged with the first slidable cam ring 1047. On theé

right side of the push ring 1055, friction plates 1057 and

1059 are disposed in alternate juxtapose positional

relationship to each other. That is, the outer friction

] **:*. 25 plates 1057 are axially slidably engaged with the clutch

drum 1031, an& the inner friction plates 1059 are axially

. slidably engaged with the first slidable cam ring 1047 so

1 as to construct the pilot multidisk clutch 1061. The

electromagnet 1063 is fixed to the casing 1039 on the right

" f'?: 30 side of the pilot multidisk clutch 1061. When the

: electromagnet 1063 is energized to attract to the push ring
) 1055, the pilot multidisk clutch 1061 is engaged.

In the basic operation of the coupling apparatus

according to the present invention, when the

35 electromagnet 1063 is deenergized, since the pilot clutch
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1061 is disengaged or released, the main clutch 1045 is
also kept disengaged or released, no power is transmitted
from the first rotary member 1029 to the second rotary
member 1033 or vice versa. However, when the electromagnet
1063 is energized, since the push ring 1055 is attracted
toward the electromagnet 1063 to engage the pilot multidisk
clutch 1061, the first slidable cam ring 1047 is engaged
with the second rotary member 1033 via the pilot clutch
1061. ©n the other hand, since the second fixed cam ring
1049 is rotated by the first rotary member 1029, the first
slidable cam ring 1047 is shifted leftward by a cam thrust
force generated by the cam mechanism 1053 due to difference
in rotative speed between the two cam rings in Fig. 1(A) to
engage the main clutch 1045, so that the first and second
rotary members 1029 and 13933 are coupled or locked with
each other by the main clutch 1045.

Since the two pilot and main multidisk clutches 1061
and 1045 are provided, it 1is possible to obtain a large
coupling power. Here, 1t showld be noted that the two
(horizontal and vertical) air gaps S  between the
electromagnet 1063 and the clutch drum 1031 will not vary
even after the friction plates 1057 and 1059 of the pilot
clutch 1061 have been worn away and that the leftward
thrust force generated between the two cam rings 1047 and
1049 will not be applied to the pilot clutch 1061 or is
opposite to the operative direction of the pilot clutch
r061. Further, it is possible to adjustably control the
coupling torque between the two rotary members 1029 and
1033 by adjusting the current passed through the
electromagnet 1063 to change the engagement torque of the
pilot clutch 1061.

Vehicle Power System
Prior to the description of other embodiments of the
coupling apparatus according to the present invention
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suitable for use with a differential gear assembly mounted
on an automotive wvehicle, an exemplary 4-WD power
transmission system for an automotive vehicle will be
explained with reference to Fig. 2. This power
transmission system comprises an engine 1l; a transmission
3, a center differential gear assembly (a differential gear
between the front and rear wheels), a front differential
gear assembly 7 (a differential gear between the front
right and left wheels), front left and right wheel drive
shafts 9 and 11, front left and right wheels 13 and 15, a
2-4 wheel drive switching gear assembly 17, a propeller
shaft 19, a coupling apparatus 519, a rear differential
gear assembly 521 (a differential gear between the rear
right and left wheels), rear wheel drive shafts 23 and 25,
rear left and right wheels 27 and 29, etc.

Therefore, engine power supplied via the transmission
3 .is differentially distributed teo the front differential
gear aSSembl§ 7 and the propeller shaft 19 via the center
differential gear assembly 5. Engine powervsupplied to the
front differentisl gear assembly 7 is further
differentially distributed to the front left and right
wheels 13 and 15 via the same front gear assembly 7.
Further, in 4-WD mode, engine power is supplied to the rear
differential gear assembly 521 via the coupling apparatus
518. Engine power supplied to the rear differential gear’
asséhbly 521 is further differentially distributed to the
rear left and right wheels 27 and 29 via the same rear gear
assembly 521. Further, in front 2-WD mode, engine power ié
not supplied to the rear differential gear assembly 521 via

the coupling apparatus 519,

2nd Embodiment
Figs. 3(A) and (B) show a second embodiment of the

coupling apparatus according to the present invention,
which is applied to the center differential gear 5 for
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differentially distributing engine power to the front and
rear wheels. In this embodiment, the first rotary member
is a differential case 31, the second rotary member
is a slidable planetary carrier 47 and the third rotary
member is a sun gear shaft 53. Further, a pilot clutch 87
is disposed between a cam mechanism 79 and a differential
case 31. The slidable planetary carrier 47 is used in
common with a part of the slidable cam ring for engaging a
main clutch 75. The differential case 31 of the center
differential gear 5 is disposed rotatably within a
transmission case 33 (shown in Fig. 2). A ring gear 37
(shown in Fig. 2) is fixed to a flange 35 of the center
gear 5 with bolts, and this ring gear 37 is in mesh with a
drive gear 39 (shown in Fig. 2) of the transmission 3.
Therefore, the differential case 31 is rotated by a drive
power of the engine 1.

As shown 1in Fig. 3(A), an inner gear 41 is formed in
the inner c¢ircumference of the differential case 31, and
outer planetary gears 43 are in mesh with this inner gear
41. Each planetary gear 43 is rotatably supported by an
axle 45 supported by the slidable planetary carrier 47 (the
first rotary member). The planetary gears 43 are in mesh
with inner planetary gears 49 (shown in Fig. 2) each
rotatably supported by an axle fixed to the planetary
carrier 47, and further in mesh with & sun gear 53 (the
second rotary member). A planetary gear assembly (a
differential mechanism) is constructed as described above.

The sun gear 53 is formed with a boss portion 57 whose
inner circumference 1is spline engaged with one end of an
outer hollow shaft 59 (shown in Fig. 2). The other end of
the outer hollow shaft 59 is engaged with a
change-direction gear assembly 17 via a ring gear 61 (both
shown in Fig. 2). The planetary carrier 47 is formed with
a boss portinn 63 whose inner circumference is spline
engaged with an inner hollow shaft 65 (shown in Fig. 2)
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rotatably inserted into the outer hollow shaft 59 (shown in
Fig. 2} and fixed to a differential case 67 (shown in Fig.
2) of the front differential gear assembly 7.

Therefore, when the differential case 31 is driven by
the engine 1, the engine power is transmitted to the front
differential gear assembly 7 via the differential case 31,
the planetary gears ¢3 and 49, the planetary carrier 47,
and the inner hollow shaft 65, and further to the propeller
shaft 19 via the differential case 31, the planetary gears
43 and 49, the sun gear 53, the outer hollow shaft 52, and
the 2-4 WD switch 17. In this case, if there exists a
d:fference in driving resistance between the front and rear
wheels, engine power is differentially distributed to the
front wheels and the rear wheels, owing to the relative
rotation between the sun gear 53 and the planetary carrier
47 due to revolutions of the two planetary gears 43
and 49 both round the sun gear 53 and their own axes,
according to the driving resistance difference.

A clutch drum 69 is disposed on the right side of the
planetary gear assembly so as te be rotatable relative to
the differential case 31. This clutch @rum 69 is fixed to
the right end of the planetary carrier 47. Outer friction
plates 71 are axially slidably engaged with the irnner
circumferential surface of the clutch drum 69, and inner
friction plates 73 are axially slidably engaged with the
outer circumferential surface of the boss portion 57 of the
sun gear 53 in alternate juxtapose positional relationship
with respect to the friction piafes 71, so that a main
multidisk clutch 75 for differential motion limitation can
be constructed.

Once the main multidisk c¢luteh 75 is engaged, since
the mutual rotation between the sun gear 53 and the
planetary carrier 47 can be limited; the differential
motién betweén the front and rear wheels can be also

limited.
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A cam ring 77 is disposed on the left
side of the planetary carrier 47, and the cam mechanism 79
is formed between the cam ring 77 and the planetary carrier
47 (the first slidable cem ring), as shown in Fig. 3(B),
with cam balls 78 sandwiched therebetween. Furtker, a
thrust bearing 8l is disposed between the cam ring 77 and
the differential case 31 so as to receive a leftward
reaction force of the thrust of the cam ring 77.

Outer friction plates §3 and inner friction plates 85
are disposed between the cam ring 77 and the differential
case 31 in alterhate juxtapose posgitional relationship with
respect to each other. The outer friction plates 83 are

axially slidably engaged with an inner circumferenc of the

differential case 31, and the inner friction plates S are

axially slidably engaged with an cuter circumferenc2 o. the
cam ring 77, so that a pilot multidisk clutch 87 can be
constructed. On the outside of the différential case 31,
an electromagnet 89 is mounted vie a bearing 90 with two

retainetr rings 91 and 92. A push ring 93 for engaging the

pilot multidisk clutch 87 is disposed between the pilot

multidisk clutch 87 and the planetary carrietr 47 so as to

be attracted by the electromagnet 89, thus an
electromagnetic pilot multidisk <clutch 87 can be
canstructed. In this case, it should be noted that two
horizontal and wvertical air gaps § between the
electromaghet 89 and the differential case 31 will not
change when the friction plates 83 and 85 have been worn
away. In summary, the éoupling apparatus of the present
invention is composed of the maim multidisk clutch 75, the
cam rimg 77, the cam balls 78, the electromagnetic pilot
multidisk clutch 87, and the two rotary members (planetary
cérrier and sun gear) 47 and 53.

When the pilot electromagnet multidisk clutch 87 is
engaged, sinte the fixed cam ring 77 is engaged with the
planetary carrier 47 via the cam mechanism 79, it i&
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possible to obtain differential limitation according to the
engagement force of the pilot multidisk <clutch 87.
Further, where there exists a difference in rotative force
between the differential case 31 and the planetary carrier
47, since this force is applied to the cam mechanism 79, a
leftward thrust force 1is generated; so that the main
multidisk clutch 75 is engaged via the planetary carrier 47
and the clutch drum 69 by this thrust force, to generate a
further larger differential motion limiting force. When
the pilot electromagnetic multidisk clutch 87 is
deenergized, since the cam ring 77 rotates together with
the planetary carrier 47, the cam mechanism 79 will not
generate a thrust force, so that the main multidisk clutch
75 is kept disengaged to enable the differential motion.

In summary, when the pilet clutch 87 is disengaged,
the planetary carrier (lst rotary member) 47 and the cam
ring 77 are rotated together via the cam balls 78. Since
no rightwardftbrust force 1is 4generated in the planetary
carrier 47, the main clutch 75 is also disengaged, so that
the differential motion between the two rotary members 47
and 53 is enabled. However, when the pilot clutch 87 is
engaged, since the rotational motion of the cam ring 77 is
restricted, the rotative motion of the planetary carrier 47
is also limited according to the engagement force of the
pilot clutch 87. In addition, once the differential motion
occurs between the cam ring 77 and the planetary carrier

47, since a rightward thrust force is generated in the -

planetary carrier 47, the main clutch 75 is dlso engaged,
so that the differential motion between the two rotary
members 47 and 53 is limited or locked.

The electromagnetic pilot multidisk clutch 87 can be
operated manually by the driver or automatically according
to steering conditions or road surface conditions. The
center differential 5 is constructed as described above.
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The function of the center differential gear 5 will be
explained in relation to the vehicle power transmission
system shown in Fig. 2.

When the electromagnetic pilot multidisk clutch 87 is
deenergized or disengaged, the differential motion between
the front and rear wheels can be effected freely through
the center differential gear 5. Therefore, the vehicle can
be turned smoothly without producing the tight corner
braking phenomenon. When the electromagnetic pilot
multidisk clutch 87 is energized or engaged, the
differential motion between the‘front and rear wheels can
be limited according to a difference in rotative speed
between the front and rear wheels. Therefore, in case the
front wheels 13 and 15 or the rear wheels 27 and 29 slip on
a slippery road, since a torque can be transmitted to the
front or rear wheels not being slipping, the vehicle can be
get ocut of a slippery road without being kept in stack
‘condition. E N

As described above, in the coupling apparatus
according to the present invention, whern the
electromagnetic pilot multidisk clutch 87 is engaged, the
cam mechanism 79 1is actuated and therefore the main
multidisk clutch 75 can be engaged by the rightward thrust
force of the planetary carrier (the slidable cam ring) 47.
In this embodiment, since the shift directions of the two
clutches 87 and 75 are opposite to each other, a c¢am
reaction force is not applied to the electromagnetic pilot
multidisk clutch 87. Therefore, the clutech engagement
force of the main multidisk clutch 75 is not directly
subjected te the influence of variation in engagemerit force
due to abrasion or friction coefficient fluctuation of the
friction plates 83 and 85 of the electromagretic pilot
multidisk clutch 87. Therefore, it is possible to obtain &
stable or congtant differential motion limitation function,
as shown in Fig. 1(C), without being subjected to the
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influence of the conditions of the friction plates of the
pilet clutch 87. Further, since two independent
differential motion limitation functions are provided for
both the pilot and main multidisk clutches 87 and 75,
respectively, it is possible to obtain a large differential
motion limitation force in total. Further, since the
reaction thrust force of the cam 79 will not be applied to
the friction plates 83 and 85 of the electromagnetic pilot
multidisk clutch 87, fluctuations of the friction
coefficients p ef the friction plates 83 and 85 will not be
amplified by the cam mechanism 79. Therefore, it is
possible to increase the engagement force of the main
clutch 75 by increasing inclination angles of the cam
mechanism 79 without being subjected to the influence of
variation in the friction coefficient u of the friction
plates 83 and 85. Therefore, a large torque can be
transmitted and the coupling apparatus can be downsized.
Further, in tbis,embodiment, since the planetary carrier 47
is used in common with the second slidable ring member for
engaging the main multidisk clutch 75, it is unnecessary to
provide an additional ring member, thus reducing the weight

thereof.

3rd Embodiment
Figs. 4(A) and (B) show a third embodiment of the

coupling apparatus actording to the present invention,
which is applied to the center differential gear assembly
housed within a transfer, for differentially distributing
engine powér to the front and the rear differential gear
assemblies. In this embodiment, the first rotary member is
a planetary carrier 111 or 113 and the second rotary member
is a sun gear 109. A pilot ¢lutch 157 is disposed between
a cam mechanism 151 and a planetary carrier 11l rotatable
within a transfer case 119.

The center differential gear assembly 99 comprises an

- 16 -

R ESIREI T L e ok ofased xR TR
B g S St VI e o

s

B L T SN

- e




L1
€

rss

10

15

20

25

30

35

inner gear 103, outer planetary gears 105 in mesh with the
inner gear 103, inner planetary gears 107 in mesh with the
outer planetary gears 105, and a sun gear 109 (a second
rotary member) in mesh with the inner planetary gears 107.
These planetary gears 105 and 107 are supported by axles
115 supported by right and left planetary carriers 111 and
113 via bearings 117, respectively.

A hollow member 118 formed with the inner gear 103 is
spline engaged with an outer hollow shaft 121 inserted into
the inside of a transfer case 119 from left. The left side
carrier 111 is formed integral with an inner hollow shaft
123 inserted into the outer hollow shaft 121. Further, the
sun gear 109 is spline coupled to the right end of a rotary
case 125 (in which the center differential gear assembly 99
is housed) and rotatably supported within the transfer case
119 via bearings 127 and 128. A gear 129 is fixed tc the
left end of the rotary case 125 so as to be in mesh a gear
131 rotatably;supported by the transfer case 119. A bevel
gear 133 is fixed to this gear 131 and in mesh with a bevel
gear 137 formed at the front end of a drive pinion shaft
135. Further, a front right wheel drive shaft 139 is
fitted to the hollow shaft 123, the sun gear 109, and the
rotary case 125.

An enginé drive power 1is transmitted from the
transmission to the front differential gear by way of the
ecuter hollow shaft 121, the hollow member 118, the inner
gear 103, +the outer planetary gear 105 or the inner
planetary gear 107, the axle 115, the planetary carrier
111, and the inner hollow shaft 123. Further, the engine
drive power is transmitted to the rear differential gear by
way of the outer hollow shaft 121, the hollow member 118,
the inner gear 103, the outer planetary gear 105, the inner
planetary gear 107, the sun gear 109, the rotary case 125,
the bevel gears 133 and 137, and the drive pinion shaft
135.
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A clutch drum 141 is fixed to the right side planetary
carrier 113, but formed separately from the inner gear 103
(the first rotary member). Outer and inner friction plates
143 and 145 of a main multidisk clutch 147 are axially
slidably arranged between the clutch drum 141 and the sun
gear 109 in alternate juxtapose positional relationship
with respect to each other. That is, the outer friction
plates 143 are axially slidably engaged with the clutch
drum 141, and the inner friction plates 145 are axially
slidably engaged with the sun gear 109 so as to construct
the main multidisk clutch 147. A slidable cam ring 149 is
slidably disposed on the right side of the main multidisk
clutch 147, and a cam mechanism 151 is formed between the
two inside surfaces of the slidable cam ring 149 and the
rotary case 125 (the second fixed cam ring), as depicted in

Fig. 4(B).

Outer friction plates 153 and inner friction plates
155 eof a pilqt'hultidisk clutch 157 are -axially slidably
arranged betweeﬁ the cam ring 149 and the élutéh drum 141
in alternate juxtapose positional relationship to each
other. That is, the outer friction plates 153 are akially
slidably engaged with the clutch drum 141 and the inner
friction plates 155 are axially slidably engaged with the
cam ring 149 so as to conmstruct the pilot multidisk clutch
157. A push ring 159 is axially slidably spline-engaged
with. the slidable cam ring 149 between these friction
plates- 153 and 155 and the slidable cam ring 149. An
electromagnet 161 is fixed %o a transfer case 119 with
bolts 163 on the right side of the pilot multidisk clutch
157,

The operation of this third embodiment is
substantially the same as that of the first embodiment
shown in Figs. 1(A) and (B). That is, when the
electromagnet 161 is deenergized, since the pilot clutch
157 is disengaged, the slidable cam ring 149 rotates
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together with the sun gear 109 (the second rotary member)
formed integral with the rotary case 125 via the cam
mechanism 151, so that the differential motion between the
planetary carrier 111 or 113 (the inner gear 103) or the
inner hollow shaft 123 connected to the front differential
gear and the sun gear 109 or the rotary case 125 connected
to the rear differential gear is enabled.

However, when the electromagnet 161 1is energized,
since the push ring 159 1is attracted in the rightward
direction, the pilot clutch 157 is engaged, so that the
differential motion between the planetary carrier 111 or
113 and the rotary case 125 1is limited via the cam
mechanism 151. In addition, since the slidable cam ring

149 is engaged with the rotary case 125 via the cam

mechanism 151 and further the rotary case 125 is rotated by
the planetary carrier 111 or 113, the slidable cam ring 149
is shifted by a ¢am thrust force in the leftward direction
in Fig. 4(A) .to engage the main clutch 147, so that the
differential moﬁion between the inner gear 103 (the first
rotary member) and the sun gear 109 (the second rctary
member) is slip limited or locked according to the
engagement force of the main clutch 147.

In this embodiment, it should be noted that the rotary
case 125 is used in common as a second fixed cam ring and
the two air gaps S between the electromagnet lél and the
rotary case 125 will not vary even after the friction

plates 151 and 153 have been worn away.

4th Embodiment

Figs. 5(A) and (B) show a fourth embodiment of the
coupling apparatus according t¢ the present invention, in
which the first embodi nt shown in Fig. 1(A) is combined
with a planetary gear type center differential gear
assembly. In this embodiment, the first rotary member is a
differential case 171 and the second rotary member is a
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sun gear 175. A pilot clutch 221 is disposed between a
slidable cam ring 207 and a rotary case 185 rotatable
within a transfer case 191.
A center differential gear 169 comprises an inner gear
5§ 171 (the first rotary member), a planetary gear 173 in mesh
with the inner gear'l7l, and a sun gear 175 (the second
rotary member) in mesh with the planetary gear 173. The
planetary gear 173 is rotatably supported by axles 179
supported by a planetary carrier 177 via bearings 181.

10 A hollew shaft 183 formed with the sun gear 175 is
spline~engaged with a rotary case 185 in which the center ;
differential gear assembly 169 is housed. This rotary case
185 is rotatably supported within the transfer case 191 via
bearings 187 and 189. A gear 193 is fixed to the hollow

£ ., 15 shaft 183 on the left outside of the transfer case 191.
The planetary carrier 177 is formed integral with a shaft
i 195 rotatably inserted into the hollow shaft 183. A shaft
e 197 is aispoéed~coaxially‘with the shaft 195 and rotatably
: inserted into the two cases 185 and 191 from the right, and

20 fixed to the inner gear 171. These two shafts 195 and 197

are supported by each other via a bearing 198.
An engine power is transmitted from the shaft 195 to

Perns’ the planetary carrier 177 of the center differential gear
N assembly 169, and then distributed from the sun gear 175 to
25 the front differential gear assembly via the gesr 193 and
: from the inmer gear 171 to the rear differential gear .

assembly via the shaft 197.
Outer and inner friction plates 201 and 203 of a main
; clutch 205 are <«ially slidably arranged between the rotary !
ssssee 30 case 185 and the shaft 197 in alternate juxtapose
positional relationship to each other. That is, the outer

[T RIS U]
E R
-
s
-

friction plates 201 are axially slidably engaged with the

rotary case 185 and the innher friction plates 203 are

axially slidably engaged with the shaft 197 so as te
35 construct the main multidisk elutch 205.
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A first slidable cam ring 207 is disposed on the right
side of the main multidisk clutch 205. Further, a second
fixed cam ring 209 is spline coupled to the shaft 197 and
fixed by a retainer ring 211 from the right side thereof.
As shown in Fig. 5(B), a cam mechariism 213 is formed
between the first slidable cam ring 207 and the second
fixed cam ring 209.

A push ring 215 is axially slidabiy spline coupled to
the first slidable cam ring 207. On the right side of the
push ring 215, outer and inner friction plates 217 and 219
of a pilot clutch 225 are axially slidably disposed between
the rotary case 185 and the first slidable cam ring 207 in
alternate juxtapose pesitional relationship to each other.
That is, the outer friction plates 217 are axially slidably
engaged with the rotary case 185 and the inner friction
plates 219 are axially slidably engaged with the first

slidable cam ring 207 so as te construct the pilot

multidisk clutch 221. An electromagnet 223 is fixed to the
transfer case 191 on the right side ef the pilot multidisk
clutch 221.

The fourth embodiment of the coupling; apparatus is
operated in gquite the same way as that of the first

embodiment shown in Fig. 1(A). That 1is, when the
electromagnet 223 is deenergized, since both the clutches
221 and 205 are disengaged, a rotative power is

differentially distributed to the hollow shaft 183 (the
second rotary member) and the shaft 197 (the first rotary
member) via the inner geéar 171, the planetary gear 173 and
the sun gear 175. However, when the electromagnet 223 is
energized, since the push ring 215 is attracted toward the
electromagnet 223 to engage the pilot multidisk cluteh 221,
the first slidable cam ring 207 is engaged with the rotary
case 185 (the second rotary member). On the other hand,
since the second fixed cam ring 209 is rotated by the shaft
197 (the first rotary member), the first slidable cam ring
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207 is shifted leftward by a cam thrust force generated by
the cam mechanism 213 as shown in Fig. 5(B) to engage the
main clutch 205, so that the two shafts 197 and 183 (the
first and second rotary members) are coupled or locked with
each other to limit the differential motion of the center
differential gear assembly.

Further, the two air gaps S between the electromagnet
223 and the rotary case 185 will not vary even after the

friction plates 217 and 219 have been worn away.

S5th Embodiment
Fig. 6 shows a fifth embodiment of the coupling

apparatus according to the present invention, which is :

e oy

applied to a rear differential gear assembly 301. 1In this
embodiment, the first rotary member is a planetary carrier
319 and the second rotary member is a 'sun gear shaft 329.
A pilot clutch 347 1is disposed between a cam ring
339 and. the - planetary carrier 319 rotatable within a
differential—carrierrcase 303. Further, the cam ring 339 o
for engaging the maim clutch 333 is engaged with a

differential case 311.

As shown in Fig. 6, one end of a drive pinion shaft
305 is inserted into a rear differential carrier 303. A
vehicle front end of the drive pinion shaft 305 is
connected to a cénnectieon Shaft 531 connected to a
propeller shaft 19 (as shewn in Fig. 2) and rotated by
engine power. A drive pinich gear 307 is5 fixed to an end,
of the drive pinion shaft 305 inserted into the
differential carrier 303, and in mesh with a ring gear 309,

This ring gear 309 is fixed to a differential case 311
with bolts 310 and rotatably supported within the rear ‘
differential carrier 303. This differential case 311 is s
formed with an inner gear 313 on the inner surface thereof.
The inner gear 313 is in mesh with outer planetary gears
315 rotatably supported by shafts 317 supported by the
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planetary carrier 319 (the first rotary member). The outer
planetary gears 315 are in mesh with inner planetary gears
321 rotatably supported by axles 317 also supported by the
planetary carrier 319. Further, the inner planetary gears
321 are in mesh with a sun gear 329 (the second rotary
member) . A planetary gear assembly of the differential
gear is thus constructed.

The sun gear 329 is spline coupled with an inner
circumference of a rear left wheel drive shaft 23. The
planetary carrier 319 1is spline coupled with an inner
circumference of a rear right wheel drive shaft 25.

Therefore, when the differential case 311 is rotated
by engine power, the power can be transmitted from the
planetary carrier 319 to the rear right wheel drive shaft
25 and from the sun gear 323 to the rear left wheel drive
shaft 23 through the planetary gear assembly. In this
case, when there exists a difference in driving resistance
between the left and right wheels, the engine power is
differentially distributed to the right and left wheels
accerding to the driving resistance difference between the
two, owing to the fmutusl revolution between the sum géar
329 and the planetary carrier 319 based upon the
revolutions of the two outer and inner planetary gears 315
and 321 both round the sun gear 329 and their own axes.

A clutch drum 325 (the slidable cam ring 335) is
rotatably disposed on the left side of the planetary gear
assembly so0 as to be rotatable relative to the
differential case 311. This clutch drum 325 is formed
integral with the planetary carrier 319 and the axle 317.
A main multidisk <clutch 333 for 1limiting differential
motion is composed of outer friction plates 327 axially
slidably engaged with an inner circumference of the clutch
drum 325, and inner friction plates 329 axially slidably
engaged with an outer circumference of a boss portion of
the sun gear 329 in alternate juxtapose positional
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relationship with respect to the friction plates 327. When
the main multidisk clutch 333 1is engaged, the relative
rotation between the sun gear 329 and the planetary carrier
319 can be limited, so that the differential motion between
the rear right and left wheels can be limited.

The first slidable cam ring 335 is disposed on the
right side of the planetary carrier 319 and axially slidably
engaged with the inner gear 313 of the differential case
311. On the right side of the slidable cam ring 335, a
second fixed cam ring 339 is disposed so that the axial
position thereof is determined by the differential case 311
via a thrust washer and the radial position therecf is
determined by the differential case 311 via the slidable
cam ring 335. Outer and inner friction plates 341 and 343
are disposed between a boss portion 345 of the planetary
carrier 319 and the second slidable cam ring 335. The
outer friction plates 341 are axially slidably engaged with
an inner circumference of the second slidable cam ring 339,
and the inner friction plates 343 are axially slidably
engaged with an outer4circumference of a boss portion 345
of the planetary carrier 319 in alternate juxtapose
positional relationship with respect to each other, so as
to construct a pilot multidisk clutch 347.

On the right side of the pilot multidisk clutch 347, a
pressure member 349 is spline engaged with the wheel shaft
25, and urged rightward by a return spring 351 disposed
between the pressure member 349 and the boss portion 345 of
the planetary carrier 319.

A push member 353 spline engaged with the wheel drive
shaft 25 is brought into contact with the axially outside
end of the pressure member 349 and further with a piston
359 disposed within a cylinder 361 via & bearing 357.
Sealing members are airtightly disposed between the piston
359 and the cylinder 361 so as to form an air working
chamber 367.
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When the compression air is supplied to the working
chamber 367, the piston 359 is moved in the leftward
direction in Fig. 6. Since the push member 353 is also
moved in the leftward direction, the pilot multidisk clutch
347 is engaged, so that a thrust force is generated in the
first slidable cam ring 335 to move the clutch drum 325 in
the leftward direction via the planetary carrier 319. As a
result, the main wmultidisk clutch 333 can be engaged.
Therefore, the differential mention between the planetary
carrier 319 (the first rotary member) and the sun gear 329
(the second rotary member) 1is Jlocked by the main clutch
333. Further, in Fig. 6, the return spring ring 351
returns the push member 353 in the rightward direction when
the piston 359 is released.

When one of the right and left wheels is stuck on an
icy or slippery road, since the road resistance of the
slipping wheel is small and that of the non-slipping wheel
is large, a differential gear operates to6 decrease the
rotative speed of the non-slipping wheel and to increase
the rotative speed of the slipping wheel. Therefore, the
slipping wheel rotates at a higher rotative speed, and
therefore the vehicle will not be driven out of the
slippery road. Under these conditions, the main multidisk
¢lutch 333 is actuated into engagement to forcedly increase
the resistance or the friction between the slipping wheel
and the wheel drive shaft, so that the vehicle can be
driven out of the slippery road. A

As described above, in the fifth embodiment, when the
pilot multidisk clutch 347 1is actuated by a compression
air, since the main multidisk clutch 333 is engaged by the
slidable cam ring 335, it is possible to stably control a
large differential motion limiting power and to minimize
the apparatus size. Further, since the thrust reaction
force of the cam ring 335 will not be applied to the pilot
multidisk clutch 347, it is possible to control a large
torque by a small torgque resistance.
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6th Embodiment

Fig. 7 shows a sixth embodiment of the coupling
apparatus according to the present invention, in which an
magnetic fluid is adopted as the pilot multidisk clutch.
In this embodiment, the first rotary member is a
planetary carrier 407, and the second rotary member is a
sun gear shaft 403. A pilot clutch 415 is disposed between
a second fixed cam ring 408 and the differential case 413.

The coupling apparatus comprises a differential case
413 (the first rotary member) formed with an inner gear, a
sun gear 403 {the second rrtary member), a pilot magnetic
fluid clutech 415, a main multidisk clutch 401, a cam

" mechanism having a first siidable cam ring 407 (a planetary

carrier having planetary gears), a second fixed cam ring
408 and balls 409, and an electromagnet 417. The

differential gear is composed of an inner gear formed on

the inner surface of the differential case 413, outer
planetary gears in mesh with the inner gear, inner
planetary gears in mesh with the outer planetéry gears, and
the sun gears in mesh with the inner planetary gears, as
shown in Figs. 3 and 6. Further, the power transmission
route is the same as in Fig. 4(Aa).

Inner friction plates 419 of the main multidisk clutch
401 are axially slidably engaged with the sun gear 403, and
outer friction plates 421 of the main multidisk clutch 401
are axially'slidably engaged with a clutch drum 405. The
cluytch drum 405 is fixed to the planetary carrier 407
coupled to the second fixed cam ring 408 via cam.balls 409.
A working chamber 415 filled with a magnetic fluid is
formed between a housing 411 and the differential case 413.

The electromagnet 417 is arranged on the outside of
the differential case 413 so as to generate magnetic flux
to be passed through the working chamber 415. Since the
viscous resistance of the magnetic fluid changes according
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te the intensity of the magnetic flux passing through the
magnetic fluid, it is possible to control the rotative i
speed of the second slidable cam ring 407 spline engaged
with the housing 411. As a result, the cam mechanism is
actuated to move the first slidable cam ring 407 in the
leftward direction in Fig. 7, and therefore the main
multidisk clutch 401 1is engaged to limit or lock the
differential motion between the two rotary members 407 and
413.

7th Embodiment
Figs. 8(A) and (B) show a seventh embodiment of the

coupling apparatus according te the presemt invention,
which is applied to an apparatus connected between a
propeller shaft 19 and a rear differential gear assembly
521. In this embodiment, the first rotary member is a
coupling shaft 531 connected to the propeller shaft and
the second rétary member is a drive pinion shaft 549 of the
rear differential 4gear assembly. A pilot clutech is
disposed betweéen a cam mechanism 513 and a clutch drum 539
fixed to the coupling shaft 531.

The coupling shaft 531 (& first retary member) is
disposed passing through a carrier 533 of the rear
differential gear assembly 521 supported by the carrier 533
via a bearing 535, and further coupled to a propeller shaft
19 (shown in Fig. 2) via a spline portion 537. Therefore,
the shaft 531 is rotated or driven by engine power.

The clutch drum 539 is formed integral with the shaft
531 on the right end thereof. Within the clutch drum 539,
a hub member 541 (the second rotary member) is rotatably
supported by a support portion 543 disposed between the
clutch drum 539 and the hub member 541 and a bearing 545
fixed by a retainer 547 attached to the clutch drum 539. A
drive pinion shaft 549 is spline coupled with the hub J

A

Wit i oty et

member 541.
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This pinion shaft 549 is supported by the carrier 533
via bearings 551, and a lock nut 553 is screwed into the
pinion shaft 549. A drive pinion gear 555 is formed on the
right end of the pinion shaft 549, and geared with a ring
gear 309 of a rear differential gear assembly 521 (shown in
Fig. 2).

The clutch drum 539 is formed with splines 559 at the
inner circumfererice thereof. Outer clutch plates 563 of an
the pilot multidisk clutch 561 and a push ring 565 are
axially slidably engaged with these splines 559 on the left
side. Retainers 567 are fitted to the right side of the
push ring 565. The hub member 541 is formed with a
large-diameter portion 569 and a small-diameter portion
571. A first cam ring %73 is axially movably fitted to the
small-diameter portion 571. A thrust washer 577 and a
bearing 579 are disposed between the left side wall 575 of
the.clutch drum 539 and the first cam ring 573. The first
cam ring 573- is formed with splines 581 at the outer
circumference thereof, and inner clutch plates 583 are
axially slidably engaged with the splines 581 of the first
cam ring 573 in alternate juxtapose positional relationship
with respect to outer clutch plates 563 axially slidably
engaged with splines 559 of the clutch drum 539.

An electromagnet 585 is disposed on the left side of
the left wall 575. A york 587 of the electromagnet 585 is
fixed to the carrier 533 with bolts 588. Two annular air
gaps S are formed between two projectinos 589 of the york
587 and two annular projections 591 of the side wall 575 so
as to form a magnetic circuit. Further, a non-magnetic
member 594 or a cavity is formed between the two annular
projections 591.

When the electromagnet 585 is energized, a push ring
565 is attracted by the electromagnet 585, so that the
pilot multidisk clutch 561 is engaged by the push ring 565
and further the first cam ring 573 is coupled with the
clutch drum 539.
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Quter clutch plates 597 of a main multidisk clutch 595
are axially slidably engaged with the splines 559 of the
clutch drum 539. Inner clutch plates 101 thereof are
axially slidably engaged with splines 599 formed on the
large-diameter portion 569 of the hub member 541 in
alternate juxtapose positional relationship with respect to
the outer clutch plates 597.

Further, a second cam ring 503 is axially slidably
disposed between the two clutches 561 and 595. The inner
circumference of the second cam ring 9503 1is axially
slidably engaged with the small-diameter portion 571 of the
hub member 541, and the right side projection 505 of the
cam ring 503 is axially slidably engaged with the splines
599 formed in the large~diameter portion 569 of the hub
member 541. Further, the hub member 541 is formed with oil
passages 507 and 509 to introduce lubricant into the clutch
drum 539 and the main multidisk clutch 595 disposed within

the carrier 533, Further, a cam mechanism 513 is formed

between the first cam ring 573 and the second cam ring 503
with balls 511 sandwiched therebetween as shown in Fig.
8(B).

In the¢ coupling apparatus, when the pilot multidisk
clutch 561 is engaged, the clutch drum 539 (the first
rotary member) and the hub member 541 (the second rotary
member) are coupled via the pilot clutch 561, the first cam
ring 573, the cam balls 511, and the second cam ring 503,
so that an engine power 1is transmitted from the rear
differential gear 521 to the rear wheels 27 and 29 (shown
in Fig. 2). 1In this case, the second cam ring 503 is moved
in the rightward direction by a thrust force 517 génerated
by the cam mechanism 513 due to a transmission torque 515,
so that the main multidisk clutch 595 is pushed toward the
right side wall 519 of the clutch drum 539 to generate a
large engagement force. The thrust reaction force 521 is
received by the clutch drum 539 via the thrust bearing 579
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and the washer 577 in such a way that two opposite
direction forces can be cancelled with each other by the
clutch drum 539.

The engagement force of the main multidisk clutch 595
can be adjusted by adjusting the engagement force (sliding
force) of the pilot multidisk clutch 561, that is, by
changing a transmission torque 515 applied tc the cam

mechanism 513 or the thrust force 517. When the pilot

multidisk clutch 561 is disengaged open, since the thrust
force 517 is not generated, the main multidisk clutch 595
is disengaged open, so that the coupling apparatus is
released. As described above, in the coupling apparatus of
the present invention, since the clutch engagement torque
can be adjustably transmitted, it 1is possible to obtain a
large clutch engagement force in spite of & compact size.
Further, the air gaps S are not subjected to the influence
of abrasion of the two multidisk clutches 561 and 595.

Further,. since the second cam ring 503 is axially
slidably engaged with the splines 559 formed on the large
diameter portion 569 of the hub member 541 (not on the
small-diameter portion 571), it 1is possible to obtain a
large sliding resistance in spite of the small sliding
force. Therefore, the slidable motion of the second cam
ring 503 1is smooth; the thrust force can be transmitted
efficiently; a large eéngagement force can be obtained; and
therefore the clutch engagement operation is stable.
Further, the splines 599 formed on the large-diameter
portion 599 of the hub member 541 are used in common for
both the inner clutch plates 501 and the second cam ring
503, it is unnecessary to provide an additional coupling
member for the second cam ring 503, thus reducing the cost
of the apparatus.

The function of the coupling apparatus will be
explained in relation to the power transmission system of a
vehicle shown in Fig. 2.
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Drive power from an engine 1 is speed changed by the
transmission 3 and distributed through the center
differential gear 5 to the front left and right wheels 11
and 13 and to the propeller shaft 17 via the 2-4 WD switch
mechanism 17.

When the coupling apparatus is disengaged open, engine
power is not transmitted to the rear wheels 27 and 29, so
that the vehicle is driven in FF (front engine front drive)
mode to improve the fuel consumption rate.

When the coupling apparatus is engaged, since engine
power is transmitted to the rear wheels 27 and 29 according
to the engagement force, so that the vehicle is drivén in
4WD mode. Therefore, in case one of front and rear wheels
is sliped on a muddy road, since the engine power is
transmitted to the other non-slipping wheels, the wvehicle
can be driven out of the slippery road. Further, since the
engine power transmitted to the rear wheels can be adjusted
by cOntrolling the engagement for.e of the electromagnetic
pilot multidisk c¢lutch 561, it is possible to lock the
coupling apparatus by a large engagement force of the main
multidisk clutch 595.

Further, since the differential motion between the
front and rear wheels can be controlled by the slipping
motion of the twoe multidisk clutches 561 and 595, the
coupling apparatus 519 can be function as a center
differential gear disposed between the front and rear
wheels. Therefore, the vehicle can be turned smoothly
without producing tight corner braking phenomenon produced
as when the vehicle is put iato a garage at a low speed at

a shaft turn. Further, it is also possible to improve the

vehicle straight driving stability by increasing the
differential limitation power between the front and rear
wheels.

Further, in this embodiment, it is also possible to
dispose the electromagnetic pilot multidisk clutch 561 on
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the side of the hub member 541 and further to axially
slidably engage the second cam ring 503 with the splines
559 formed on the large-diameter portion of the clutch drum
539, in order to further reduce the sliding resistance of

the second cam ring 503.

As described above, in the coupling apparatus provided
with two clutches according to the present invention, since
the main multidisk clutch is engaged by a cam thrust force
generated between the two cam rings whose relative rotation
speed can be controlled by the pilot clutch adjustably
engaged according to the attractive force of the
electromagnet or the air piston, it is possible te obtain
a large and stable engagement force of the main clutch in
spite of a compact apparatus size, without being directly
subjected to the influence of multidisk friction abrasion
or fluctuation 1in friction coefficient between friction
plates of the pilet clutch. In addition, since a first
direction that the pilot clutch is actuated into engagement
is opposite to a second direction that the main clutch is
actuated into engagement, the main clutch operation is
stable without being directly subjected to the variation of
characteristics of the clutch actuator, the pilot <lutch
and the cam ring members. Further, the air gaps S between
the electromagnet and the member of the apparatus will not
vary after the pilot clutch friction plates have been worn
away, it is possible to stably generate a constant cam
thrust force by the electromagnet via the pilot clutch.
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- ~a claims defining the inventiion are as follows }
1. A coupling apparatus provided with double clutches,

comprising:
5 (a) first rotating means (1029);
(b) second rotating means (1C33) disposed coaxially
with said first rotating means;
(c} main clutch means (1045) disposed between said
first and second rotating means, for controllably

10 transmitting a rotative motion between said first and

second rotating means when controllably engaged;‘
(d) cam ring means (1053) disposed coaxially with said {
first and second rotating means and said main clutch means,

! for controllably engaging only said main clutch means when

+ e 15 axially slidably actuated;
- (e) pilot clutch means (1061) disposed between said
A cam ring means and any one of said first and second
tee 4 rotating means, for axially slidably actuating said cam
P ring means when contrellably engaged; and
20 (£) pilot clutch actuating means (1063) for
controllably engaging said pilet clutch means to axially

slidably actuating said cam ring means so that said main

clutch means is controllably engaged.

25 2, A coupling apparatus provideé with double clutches,
i. comprising:

(a) first rotating means (31); .
(b) second rotating means (47) differentially coupled

-

. to said first rotating means;
¢ 30 {(c) third roteting means (53) disposed coaxially
) with said second rotating means and differentially coupled
to said first rotating means;
(d) main clutch means (75) disposed between said .
first and third rotating means, for controllably '
35 transmitting a rotative motion between said first and

.

Ll

third rotating means when controllably engaged;

- 33 ~
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(e) cam ring means (79) disposed coaxially with said
first, second and third rotating means and said main clutch
means, for controllably engaging only said main clutch
means when axially slidably actuated;

(f) pilot clutch means (87) disposed between said cam
ring means and said first rotating means, for axially
slidably actuating said cam ring means when controllably
engaged; and

(g) pilot clutch actuating means (89) for controllably
engaging said pilot clutch means to axially slidably
actuating said cam ring means so that said main clutch

means, is controllably engaged.

3. The coupling apparatus provided with double clutches
of claim 1, wherein said cam ring means (1053) comprises:
{(a) a first cam ting (1047) axially slidably fitted to
any one of-said first and second rotating means; QQS
’ i . . . ) = Some
(b) a second cam ring (1049) fixedly fitted to \ary—ens-
of said first and second rotating means, when said pilot

clutch means is engaged in 2z first direction, said first

cam ring being axially shifted in a second direction

opposite to the first direction by a cam thrust force
generated between said first and second cam rings to engage

said main clutch means.

4. The coupling apparatus provided with double clutches
of claim 3, wherein the cam thrust force 1is generated
between said first and second cam rings by a plurality of
projections opposingly formed &zlong each inner contact
surface of said first and seconi cam rings so as to be

engaged with each other.
5. The coupling apparatus provided with double clutches

of claim 3, wherein the cam thrust force is generated
between said first and second cam rings by a plurality of
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balls (78, 337, 409) sandwiched between two recesses
opposingly formed along each inner contact surface of said
first and second cam rings so as to be engaged with each

other via said balls.

6. The coupling apparatus provided with double clutches ¢
of <c¢laim 1, wherein when said coupling apparatus is
incorporated with a plaggéiiy differential gear assembly
housed within a transfei? said first rotating means is a
10 planetary carrier (111) and said second rotating means is g

sun gear shaft (109); and said pilot clutch mi?ns (157) is

disposed between said cam ring means (151) and-akplanetary i
, =

carrier (1ll) rotatable within<e:§ransfer case (119).

. 15 7. The coupling apparatus provided with double clutches
of c¢laim 1, wherein when said coupling apparatus |is
incorporated with a planetary differential gear assembly
housed within a transfea& said first rotating means is 3
differential case (171} and said second rotating means is a

20 sun gear {(175); and said pilot clutch means (217) is
disposed between said cam ring means (213) and a rotary
case (185) rotatable withinla)transfer case (191).

<o 8. The coupling apparatus provided with double clutches

25 of claim 1, wherein said coupling apparatus is incorporated
with a rear differential gear assembly within a

Ac
N

differential cartrier, said first rotating means is a

planetary carrier (319) and said second rotating means is a
sun gear shaft (329}; said pilot clutch means (347) is

30 disposed between said eam ring means (339) and said

-

planetary carrier (319) rotatable within a differential

S o,

carrier <case (303); and said cam ring means for
. engaging said main clutch means (333) is engaged with a
‘differential case (311).

s T
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9. The coupling apparatus provided with double clutches
of c¢laim 1, wherein when said coupling apparatus is
mounted on any one of front and rear wheel drive shaft
sides of a 4-wheel drive vehicle, said first rotary means
is a coupling shaft (531) connected to %gz\propeller shaft
and said second rotating means is a drive pinion shaf#
(549) of the rear differential gear; and said pilot cuiutch
means is disposed between said Tam ring means (513) and a

clutch drum (539) fixed to said coupling shaft (531).

10. The coupling apparatus provided with double clutches
of claim 1, wherein said clutch actuating means 1is an
electromagnet (1063) for engaging said pilot clutch means

via a push ring (1055).

11. The coupling apparatus provided witl double clutches
of claim 1, wherein said clutch actuating means is an air
operated piston‘(359) for engaging said pilot clutch means

via a push member (353).

12. The coupling apparatus provided with double clutches
of claim 1, wherein said pilot .clutch means is a multidisk

friction plate clutch.

13. The c¢obdupling apparatus provided with double clutches

of claim 1, wherein said pilet ¢lutch means is a magnetic
fluid multidisk plate cluteh, viscosity of said magnetic
fluid being adjusted according to magnetic intensity

applied thereto.
14. The coupling apparatus provided with double clutches

of claim 1, wherein said main clutch means is a multidisk

friction plate clutch.
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Claim 1 Fig. 1 Generic lst Emb.
" 2 Fig. 3 2nd Emb.
v 3 Fig. 1 Generic lst Emb.
" 4 (Cam projection) Figs. 1, 4, 5 .
5 " 5 (Cam balls) Figs. 3, 6, 7, 8 ;
" 6 Fig. 4 3rd Emb.
7 Fig. 5 4th Emb.
" 8 Fig. 6 5th Emb.
9 Fig. 8 7th Emb.
10 " 10 Electromagnet Figs. 1, 3, 4, 5, 7,
spres " 11 Air piston Fig. 6 :
s "12 Multidisk pilot clutch All
"3 Magnetic fluid pilot Fig. 7
‘ " 14 Multidisk main clutch All
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