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A device for transmitting torque between two rotatable, co-axial shaft members (1, 2) in a stationary housing (4) has a clutch (11,
12) engageable to counteract differential rotational speed between the shaft members. A hydraulic clutch piston (14) Is arranged
to engage the clutch, and a hydraulic pump arrangement (1"; 18 - 21, 11", 14 - 17), driven by the speed differential between the
two shaft members, creates a hydraulic pressure on the clutch piston. The hydraulic pump arrangement includes a supply piston
(18) and the clutch piston. Rollers (17, 21) are rotatable with one of the shaft members (2) and engage the other of the shaft
members (1) via cams (1, 11"), which are angularly offset in relation to each other, so as to impart to the pistons a reciprocating
movement at the differential rotational speed between the shaft members. A hydraulic line system (25, 27, 29, 31) connects a
cylinder (23) at the supply piston on one hand with the tank (24) via a check valve (26) and on the other hand - via a line (27)
with a check valve (28) - with an outlet line (31) and connects a cylinder (30) at the clutch piston (14) with the outlet line.
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SUMMARY

A device for transmitting torque between two rotatable, co-
axial shaft members (1, 2) in a stationary housing (4) has
a clutch (11, 12) engageable to counteract differential ro-
tational speed between the shaft members. A hydraulic
clutch piston (14) is arranged to engage the clutch, and a
hydraulic pump arrangement (1’, 18 - 21, 11", 14 - 17),
driven by the speed differential between the two shaft mem-
bers, creates a hydraulic pressure on the clutch piston.
The hydraulic pump arrangement includes a supply piston
(18) and the clutch piston. Rollers (17, 21) are rotatable
with one of the shaft members (2) and engage the other of
the shaft members (1) via cams (1’, 11"), which are angu-
larly offset in relation to each other, so as to impart to
the pistons a reciprocating movement at the differential
rotational speed between the shaft members. A hydraulic
-line system (25, 27; 29, 31) connects a cylinder (23) at
the sﬁpply piston on one hand with the tank (24) via a

check valve (26) and on the other hand - via a line (27)

with a check valve (28) - with an outlet line (31) and con-

" nects a cylinder (30) at the clutch piston (14) with the

outlet.linew

1993-02~16 P 1635104 SP/1lw
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A DEVICE FOR TRANSMITTING TORQUE BETWEEN TWO
ROTATABLE SHAFTS

Technical Field

This invention relates to a device for transmitting
torque between two rotatable, coaxial shaft members in a
stationary housing, the device containing a number of
alternate clutch discs connected to the two shaft members
and engageable to counteract differential rotational speed
between the shaft members, at least one hydraulic clutch
piston to engage the clutch discs, and a hydraulic pump
arrangement, driven by a speed differential between the two

shaft members to create a hydraulic pressure on the clutch
piston.

Technical Background

Devices for transmitting torgue between two rotatable
shafts are known from numerous patent publications, one
good example being US~-A-3 987 689, where the two shafts are

.the output shafts of a vehicle differential mechanism. The

device may accordingly in this case be called a differen-
tial brake. There may, however, be other instances when it
is desired to counteract a certain rotational speed diffe-
rential between two shafts, a typical example being the two
shafts to the driven front and rear axle, respectively, of
a four-wheel-drive vehicle.

Whereas the above-mentioned patent publication shows a
"speed-sensitive differential mechanism” and the present
invention is applied to the more general case with two axi-
ally aligned shafts, the same general considerations apply.

Although US~-A-3 987 689 has been taken as an example
of the prior art above, there are many other publications
suggesting solutions to the problem of decreasing undesired
rotational speed differential between two shafts, such as

1993-02-16 P 1635004 SP
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EP-A-0 350 044, EP-B-0 368 893, US-A-4 012 968, US-A-3 488 980 and US-A-5
087 228.

In Swedish Patent 470,426, a device as defined above is shown. Here the hydraulic
clutch piston as well as the entire hydraulic pump arrangement are placed In the
stationary housing, which gives considerable advantages. However, a possible
drawback with the device shown therein 1s that the hydraulic flow and thus the
pressure to the clutch piston from the hydraulic pump arrangement fluctuates during

each operation cycle or differential rotation between the two shaft members.

The main object of the present invention is accordingly to obviate the drawback 1n a
device with the hydraulic clutch piston and the hydraulic pump arrangement in the
stationary housing that the pressure on the clutch piston fluctuates during one

differential rotation between the two shaft members.

A similar object has been attained in a way which is described in GB-A-2 229 255 in

a “hydraulic transmission device”.

THE INVENTION

The main object of the invention, namely to obtain a pressure on the clutch piston
which is even over each differential rotation, is attained in that the hydraulic pump
arrangement includes a supply piston and the clutch piston, both axially moveable 1n
the housing coaxially with the shaft members, piston actuating members rotatable
with one of the shaft members and engaging the other of the shaft members via cams,
which are angularly offset in relation to each other, so as to impart to the pistons a
reciprocating movement at a differential rotational speed between the shaft members,
and a hydraulic line system connecting a cylinder at the supply piston on one hand

with a tank via a check valve and on the other hand — via a line
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with a check valve - with an outlet line and connecting a
cylinder at the clutch piston with the outlet l1line.

It appears that the hydraulic pump arrangement inclu-
des two pistons, which will reciprocate by means of cams,
and that one of these pistons is the clutch piston, which
accordingly has the double function to be part of the
hydraulic pump arrangement and to engage the clutch, when a
differential speed between the two shaft members occur.

The piston actuating members are preferably rollers
rotatably arranged in a radial flange of one of the shaft
members and cooperating with its respective, ring shaped
piston by means of a ring and an axial bearing. The rollers
belonging to the supply piston cooperate with axial cams in
the other one of the shaft members. A compression spring is

arranged to urge the supply piston, the axial bearing, the
ring, and the rollers against these cams.

In a first embodiment of the invention the rollers be-

longing to the clutch piston cooperate with cams on a cam

ring engaging the clutch discs. The result hereof is that
there will be a fixed relationship between the two sets of
cams, so that the desired effect of attaining an even added
flow from the two pistons will only be obtained at diffe-
rential rotation in one direction.

A second embodiment may be used, if the desired effect
is to be obtained at differential rotation in any direc-
tion. Here the rollers bélonging to the clutch piston co-
operate in order ~ for engaging the clutch - with primary

cams on a primary cam ring, an axial bearing, a bearing
ring, third rollers, which are rotatably arranged in a

roller ring, and secondary cams on a secondary cam ring. In
order to obtain the desired effect, the secondary cam ring
is to be circumferentially displaceable. This is according
to the invention obtained in that the secondary cam ring at
its inner periphery is provided with protrusions, which
cooperate with grooves in the other of the shaft members,

1993-02-16 P 1635004 3P
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each protrusion having a smaller width in the cir-
cumferential direction than its corresponding groove.

By this design the secondary cam ring will be automa-
tically brought to either of its two positions with its
protrusions against either end walls of the grooves.

The Drawings

The invention will be described further below under
reference to the accompanying drawings, in which Fig 1 is a
sectional view through a first embodiment of the invention,
Fig 2 is a sectional view through a second embodiment of

the invention, and Figs 3 and 4 are graphs to illustrate
the effect of the embodiments according to Figs 1 and 2,
respectively.

Detailed Description of Preferred Embodiments

In the first embodiment shown in Fig 1, two shaft mem-
bers 1 and 2 are rotatably journalled by means of bearings
3 in a stationary housing 4. The left shaft member 1 is
provided with an attachment flange 5, held in position by
means of a lock nut 6. Similarly, the right shaft member 3
is provided with an attachment flange 7 and lock nut 8.
Sealings 9 are provided between the housing 4 and the re-
spective mounting flange 5 and 7.

The left shaft member 1 extends into the right shaft
member 2, and radial bearings 10 are arranged between them.
The arrangement is such that no relative axial movements
will occur or be permitted between the two shaft members 1

and 2, which are to be connected to two shafts (not shown)
by means of the attachment flanges 5 and 7.

A number of alternate clutch discs or rings 11 and 12
are splined to the left shaft member 1 and the right shaft
member 2, respectively, to counteract - when engaged -
differential rotational speed between the two shaft mem-
bers. FPor constructural reasons a clutch sleeve 2’ 1is
attached as an integral part of the right shaft member 2,
and the clutch discs 12 are splined to this member 2‘. The

1993-02-16 P 1635004 SP
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stack of clutch discs will be referred to as the clutch 11,
12 below. An axial bearing 13 is arranged between the left
shaft member 1 and the housing 4 at the clutch 11, 12 to
transmit the reaction forces, when the clutch is engaged.

The clutch 11, 12 can be activated to clutch the two
shaft members 1 and 2 together by means of a ring-shaped
clutch piston 14, axially movable in and sealed relative to
the housing 4. Due to the fact that this piston 14 is
arranged in the stationary housing 4 and the clutch 11, 12
which it is to engage (via members to be described) is
rotatable, the clutch piston 14 cooperates with an axial
bearing 15. If this clutch piston 14 is pushed to the left
in the drawing in a way to be described, the clutch 11, 12
will be engaged, but otherwise free relative rotation
between the shaft members 2 and 3 is permitted.

The force from the clutch piston 14 and its axial bea-
ring 15 is transmitted to the clutch 11, 12 via a ring 16,
first rollers 17 and a cam ring 11’ splined to the left
shaft member 1 like the clutch discs 11. The cam ring 11’
is on its side in engagement with the first rollers 17 pro-
vided with cams 11" in a number and for a purpose to be
described. The first rollers 17 - also in a number and for
a purpose to be described - are rotatably arranged in a
part of the right shaft member 2 formed as a radial flange.

In a similar way as the clutch piston 14, a ring-sha-
ped supply piston 18 is axially movable in and sealed rela-
tive to the housing 4. The supply piston 18 has a smaller
diameter than the clutch piston 14 and cooperates with an
axial bearing 19, a ring 20 and second rollers.21, which
engage the left shaft member 1. The member 1 is here provi-
ded with cams 1’ - in a number and for a purpose to be des-
cribed - , whereas the second rollers 21 -~ in a number and
for a purpose to be described - are rotatably arranged in
the radial flange of the right shaft member 2. A compres-

sion spring 22 supported by the right shaft member 2 urges

1923-02-16 P 1635004 SP
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the supply piston 18 to the left in the drawing.

Hydraulic o0il may be provided to a cylinder 23 at the
supply piston 18 from a tank 24 through a line 25, which
has a check-valve 26. For the sake of simplicity, some por-
tions of the hydraulic system of the device are shown as

being external of the device; in reality these portions are
all internal. The tank 24 for example is the free volume

inside the housing 4.

A line 27 extends from the cylinder 23 at the supply
piston 18 and is provided with a check valve 28. It is con-
nected to a further line 29 from a cylinder 30 at the
clutch piston 14. The common line 31 after the connection
of the two lines 27 and 29 is provided with a controllable
restriction 32, preferably in the form of an electrically
controlled throttle valve. The line 31 ends in the tank 24.

In a practical case the number of cams 11" or 1’ is
six and the number of rollers 17 or 21 three. Other numbers
are also possible. For obtaining the desired effect, how-
ever, the number of cams 11" must be the same as the number
of cams 1’. The number of rollers 17 and 21 can theoreti-
cally be the same as the number of cams but is normally a
fraction thereof:; in the preferred embodiment the number 1is
three, which gives a satisfactory balancing of forces.

If the two shaft members 1 and 2 are rotating with the
same speed, the rollers 17 and 20 will remain statlionary
relative to its cams 11" and 1’ and thus not be imparted
any movements in the axial direction of the device. The ax-
ial bearings 15 and 19 will allow this rotation, and no
movement will be transferred to the pistons 14 and 18.

If on the other hand the two shaft members 1 and 2
rotate with different speeds, the function will be as
follows: The reollers 17 and 20 will roll over the cams 11"
and 1’ and be imparted movements in the axial direction of
the device. These movements will be transferred via the
rings 16 and 20 and the axial bearings 15 and 19 to the

1993~02~16 P 1635004 SP
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pistons 14 and 18. The frequency of these axial movements
depends on the speed differential between the two shaft
members 1 and 2. As the cams 11" and 1’ are circumferen-
tially displaced in relation to each other, the result in
principle is that the piston 14 moves to the right, when
the piston 18 moves to the left, and vice versa. However,
there is a certain overlap, as will appear below.

In a situation when the hydraulic system is filled
with oil, o0il will be sucked from the tank 24 past the
check valve 26 into the c¢ylinder 23, when the piston 18
moves to the left in the drawing. Concurrently herewith the
piston 14 moves to the right, so that the oil in the cylin-
der 30 is pressed out through the line 29 past the throttle
valve 32, which determines the flow and therefore seconda~
rily influences the pressure in the cylinder 30 and the
line 29. Due to the check valve 28 no oil can enter line
27.

In the next stage the piston 18 moves to the xight in
the drawing, pressing oil through the line 27 and past the
check valve 28 but not through line 25 due to the presence
of the check valve 26. When the piston 14 at the same time
moves to the left, some of the oil is sucked into the cy-
linder 30, whereas the remainder goes out to the line 31
past the throttle valve 32.

The above course of events is graphically depicted in
Fig 3, when the number of cams 11" and 1’ is six. The upper
curve shows the oil flow from the piston 18, the middle
curve shows the flow from the piston 14, and the lower
curve the total flow at the throttle valve, which flow as
seen is the desired straight line. It appears that the
graph covers the events during one differential revolution,
i e if the left shaft member 1 is regarded as stationary,
the right shaft member 2 has made one revolution. In the
graph it shall be noted that there is a certain overlap

between the upper and middle curves, so that when the upper

1993-02-~16 P 1635004 SP
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curve increases from zero, the middle curve decreases from
its flat portion towards zero, whereas when the upper curve
again reaches zero, the middle curve has passed zero and
increased to its flat portion. If these two flows are
added, the result will be the straight line of the lower
curve.

The cams 11" and 1’ are shaped to give the rollers 17
and 21 such movements, that the flows from the respective
pistons 14 and 18 get the shapes shown in Fig 3. The incli-
ned lines are the result of square functional movements of
the rollers 17 and 21.

The pressure in the cylinder 30 is in principle di-
rectly proportional to the rotational speed differential
between the two shaft members 1 and 2, which in other woxds
means that the resistance offered by the clutch 11, 12
(engaged by the piston 14) increases with increasing speed
differential. By means of the controllable throttle valve
32 the clutch engagement can be controlled at will, which
is important for example for anti-skid systems. The
throttle valve 32 may be of any suitable type, but in a
practical case 1t contains a movable valve body with a
frusto-conical part cooperating with a shoulder, the posi-

tion of the valve body being governed by an electrically
controlled solenoid.

In the embodiment according to Fig 1 a non-fluctuating
pressure will prevail in the cylinder 30 on the clutch pis-
ton 32, provided that the differential rotation is in one ‘
direction (which of course shall be the normally occuring
direction). '

For other uses, where it shall be possible to obtain a
non-fluctuating pressure on the clutch engaging piston for
differential rotations in both directions, the slightly
more complicated embodiment according to Fig 2 can be em-
ploved.

The two embodiments are so close to each other in de-

1993-02-16 P 1635004 8P
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'sign and construction that for corresponding parts in Figs

1l and 2 the same numerals have been employed. Accordingly,
the following parts (from the embodiment according to Fig
1) can also be found in the Fig 2 embodiment: a left shaft
member 1 provided with cams 1’, a right shaft member 2 with
a clutch sleeve 2’, bearings 3, a housing 4, attachment
flanges 5 and 7, lock nuts 6 and 8, sealings 9, radial bea-
rings 10, clutch discs 11 and 12 (forming a clutch 11, 12),
an axial bearing 13, a clutch piston 14, an axial bearing
15, a ring 16, first rollers 17, a supply piston 18, an ax-
ial bearing 19, a ring 20, second rollers 21, a compression
spring 22, a cylinder 23 (at the supply piston 18), a tank
24, a line 25, a check valve 26, a line 27, a check valve
28, a line 29, a cylinder 30 (at the clutch piston 14), and
a line 31. All these parts have the same functions as in
the Fig 1 embodiment.

In the Fig 2 embodiment the following parts for enga-
ging the clutch 11, 12 are arranged (in order from the
first rollers 17): a primary cam ring 33, an axial bearing
34, a bearing ring 35, a roller ring 36 with third rollers
37, and a secondary cam ring 38 in cooperation with the
clutch 11, 12. The primary cam ring 33 and the roller ring
36 are engaged with the left shaft member 1 and the clutch
sleeve 2’, respectively, for rotation therewith similarly
to the clutch discs 11 and 12.

At its side facing the first rollers 17 the primary
cam ring 33 is provided with primary cams 33’, whereas the
secondary cam ring 38 at its side facing the third rollers
37 is provided with secondary cams 38°’.

The primary cams 33’ correspond to the cams 11" and
are circumferentially displaced in relation to the cams 1°’.
As in the Fig 1 embodiment the number of cams 33’ and 1’ is
the same, for example six, with three rollers 17 and 21,
respectively, for obtaining balanced forces. The number of
secondary cams 38’ is twice that of the primary cams 33’,

1993-02-16 P 1635004 SP
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i1 e twelwe in the present example. The number of third

rollers 37 in the roller ring 36 may be three, six or even
twelwe.

By the provision of the two sets of cams 33’ and 38’
with their corresponding rollers 17 and 37 the piston 14
will be imparted a complex movement, being the sum of the
movements caused by the respective cams, and the oil flow
from the cylinder 30 will reflect this movement. In Fig &,
which -« like Fig 3 - illustrate flows as a function of the
time or of the period of one differential revolution, the
upper curve shows the oil flow from the supply piston 18,
whereas the two curves thereunder together illustrate the
flow from the clutch piston 14: the second curve shows the
contribution from the primary cams 33’ and the third curve
the contribution from the secondary cams 38’. As in Fig 3,
the lower curve is the addition of the curves above it and
shows the total flow at the throttle valve 32. The lowex
curve, being a straight line, indicates that the piston 14
is exposed to a non-fluctuating pressure.

A comparison between Fig 3 and Fig 4 points to the
fact that the shape for the cams 11" in Fig 1 differs from
that of the cams 33’ in Fig 2; in the latter case no flat
portions of the flow curve are produced.

In the Fig 1 embodiment (graphically represented in
Fig 3) the desired even oil flow and non-fluctuating
pressure is created by two cams, whereas in the Fig 2 embo-
diment (graphically represented in Fig 4) three cams are

needed for obtaining the same effect. The advantage with
the latter embodiment is that the even oil flow and non-

fluctuating, clutch-engaging pressure can be obtained irre-
spective of the direction of the differential rotation.

For a first direction of the differential rotation the
position of the curve called 14-38’ in Fig 4 in relation to

the curve 14-33’ is correct for obtaining the desired even
flow curve. However, in the second direction of the diffe-

1993-02-16 P 1635004 8P
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rential rotation the curve called 14-38’ has to be phase
shifted in order to get in the right position in relation

to the curve 14-38’' for obtaining the desired even oil flow
represented by the lower curve.

This phase shift may be otained automatically in the
following way: The secondary cam ring 38 is connected to
the left shaft member 1 by means of protrusions 38". Due to
the fact that each such protrusion 38" has a smaller width
in the circumferential direction than the corresponding
groove in the left shaft member 1, the secondary cam ring
38 can turn or move in the circumferential direction a dis-
tance corresponding to the desired phase shift. At rotation
in one direction the secondary cam ring 38 will attain one
position with its protrusions 38" against one side of the
grooves in the left shaft member 1, and when the rotation
direction reverses, the secondary cam ring will be turned,
until its protrusions 38" engage the other side of the
grooves in the left shaft member 1. |

The members 17, 21, 37 have all been referxred to as
rollers, which is preferred, but may also be balls or

similar means. Other modifications are possible within the
scope of the appended claims.

1993-02-16 P 1835004 SP
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CLAIMS

1. A device for transmitting torque between two rota-

5 table, coaxial shaft members (1, 2) in a stationary housing
(4), the device containing a number of alternate clutch
discs (11, 12) connected to the two shaft members and enga-
geable to counteract differential rotational speed between
the shaft members, at least one hydraulic clutch piston

10 (14) to engage the clutch discs, and a hydraulic pump
arrangement (1°‘, 18-21, 11", 14-17; 1’, 18-21, 14-17, 33=-
38), driven by the speed differential between the two shaft
members to create a hydraulic pressure on the clutch pis-

ton,

15 characterized
arrangement (1’, 18-21, 11", 14-17; 1’, 18-21, 14-17, 33-

in that the hydraulic pump

38) includes
a supply piston (18) and the clutch piston (14), both

axially movable in the housing (4) coaxially with the shaft

20 members (1, 2),

piston actuating members (17, 21) rotatable with one of
the shaft members (2) and engaging the other of the shaft
members (1) via cams (1’, 11"; 1’, 33'), which are angu-
larly offset in relation to each other, so as to impart to
the pistons a reciprocating movement at a differential ro-
tational speed between the shaft members, and

a hydraulic line system (25, 27, 29, 31) connecting a
cylinder (23) at the supply piston (18) on one hand with a
tank (24) via a check valve (26) and on the other hand -
via a line {27)'with a check valve (28) - with an outlet
line (31) and connecting a cylinder (30) at the clutch pis-

25

30

ton (14) with the outlet line.

2. A device according toclaim 1, c haractexr-
i zed in that the piston actuating members are rollers
35 (17, 21) rotatably arranged in a radial flange of one of

the shaft members (2) and cooperating with its respective,

1993=02~16 P 1635104 8P/1iw
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ring-shaped piston (14, 18) by means of a ring (16, 20) and an axial bearing
(15, 19).

A device according to claim 2, characterized in that the rollers (21) belonging
to the supply piston (18) cooperate with axial cams (1') in the other one of the

shaft members (1).

A device according to claim 3, characterized in that a compression spring (21)
is arranged to urge the supply piston (18), the axial bearing (19), the ring (20),
and the rollers (21) against the cams (1').

A device according to any one of claims 1 to 4, characterized in that the rollers
(17) belonging to the clutch piston (14) cooperate with cams (11") on a cam

ring (11') engaging the clutch discs (11, 12).

A device according to any one of claims 1 to 4, characterized in that the rollers
(17) belonging to the clutch piston (14) cooperate in order — for engaging the
clutch discs (11, 12) — with primary cams (33°) on a primary cam ring (33), an
axial bearing (34), a bearing ring (35), third rollers (37), which are rotatably
arranged in a roller ring (36), and secondary cams (38’) on a secondary cam

ring (38).

A device according to claim 6, characterized in that the secondary cam ring

(38) is circumferentially displaceable.

A device according to claim 7, characterized in that the secondary cam ring
(38) at its inner periphery is provided with protrusions (38”), which cooperate
with grooves in the other of the shaft members (1), each protrusion having a

smaller width in the circumferential direction than its corresponding groove.
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