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(57) Abréegée/Abstract:

According to the invention there Is provided a method of encapsulating a substance including the steps of. providing a monomer
which includes a group of sub-formula () where R? and R® are independently selected from (CR’R°®) , or a group CRR', CR’R®

CRYR'Y or CR°R'CR/R® where nis O, 1 or 2, R and R® are independently selected from hydrogen, halo or hydrocarbyl, and
either one of RY or R is hydrogen and the other is an electron withdrawing group, or R and R0 together form an electron
withdrawing group, and R* and R® are independently selected from CH or CR'" where R'! is an electron withdrawing group; the
dotted lines indicate the presence or absence of a bond, X' is a group CX?X? where the dotted line bond to which it is attached is
absent and a group CX? where the dotted line bond to which it is attached is present, Y' is a group CY2Y? where the dotted line
bond to which it is attached is absent and a group CY? where the dotted line bond to which it is attached is present, and X2, X3, Y?
and Y2 are independently selected from hydrogen, fluorine or other substituents: R' is selected from hydrogen, halo, nitro, or
hydrocarbyl, optionally substituted or interposed with functional groups; R'? is selected from hydrogen, halo, nitro, hydrocarbyl,
optionally substituted or interposed with functional groups, or -R3>-R°ZY": and Z is an anion of charge m: mixing the monomer with
the substance and, optionally, at least one of a solvent for the monomer and an Initiator to form a monomer containing mixture;
placing a pre-determined gquantity of the monomer containing mixture in a pre-determined location so as to form a desired shape;
and polymerising the monomer so as to produce a polymeric matrix of a desired shape which encapsulates the substance.
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ABSTRACT

A speed-difference-dependent hydraulic clutch comprises a drive
housing (11), which rotates in a housing (20), a first shaft
(21) which can be connected in a rotationally fixed manner to
the drive housing, a second shaft (22) which is connected in a
rotationally fixed manner to the drive housing, and furthermore
a hydrostatic displacement machine (1), a friction clutch (12)
for connecting the first shaft (21) to the drive housing (11),
and a piston (10) for acting on the friction clutch (12), the
drive housing (11l) having a pressure space (9) and where a
pressure 1is produced 1in the pressure space (9) when a
difference in speed occurs 1in the pressure space (9), this
pressure giving rise to action upon the friction clutch (12),
and a passage (13) leading from the pressure space to a control
valve which opens up the route to a space of lower pressure in
a controlled manner. In order to make possible a sensitive,
precise and rapid control and adaptation of the characteristic
with as little outlay as possible, the control valve (14) is
arranged in the drive housing (1l1) and/or, in the second shaft
(22), which 1s connected in a rotationally fixed manner to the
drive housing (11l), is arranged coaxially with said shaft, and
has a control element (52) which can be displaced in the
direction of the axis and i1s actuated by an actuator (59, 61,
62) which i1is fixed on the housing.

Figure: Fig. 1
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SPEED-DIFFERENCE-DEPENDENT HYDRAULIC CLUTCH WITH A CONTROL VALVE

The 1nvention <relates to a speed-difference-dependent
hydraulic clutch which comprises a drive housing, which rotates in a

housing that is fixed 1in space and forms a reservoir for a working

fluid, a first shaft which can be connected in a rotationally fixed

manner to the drive housing, a second shaft which i1is connected 1in a
rotationally fixed manner to the drive housing, and furthermore a
hydrostatic displacement machine, a friction clutch for connecting
the first shaft to the drive housing and a piston for acting on the
friction clutch, which are accommodated 1in the drive housing, the

drive housing having a pressure space, and where a pressure 1S

produced 1n the pressure space when a difference occurs between the

speed of the drive housing and that of the first shaft, this pressure
giving rise to action upon the friction clutch, and a passage leading
from the pressure space to a control wvalve which opens up the route
to a space of lower pressure 1n a controlled manner and is arranged
in the drive housing and/or in the second shaft, which is connected
1in a rotationally fixed manner to the drive housing, 1s arranged

coaxially with said shaft.
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Clutches of this type are used in various
configurations in the drive train of motor vehicles for direct
transmission of a torque or for locking a link differential for
driving the wheels of one axle or for distributing the drive
torque between two axles. The hydrostatic displacement machine
‘comprises an innef rotor and an outer rotor, for example, but
is equally possible to use hydrostatic displacement machines of
some other kind. In either case, two parts (for example, the
drive housing and the output shaft) perform a relative movement
when there 1is a speed difference and thus produce a pressure
that acts on the piston of the friction clutch.

A speed-difference-dependent hydraulic clutch of this
tvpe is disclosed in US 4,924,989. That part of the shaft,
which can be connected to the drive housing, that protrudes
into the c¢lutch 1is design there as a control wvalve which
contains a control element producing the connection between the
delivery and 1intake sides of the pump. On account of the
control valve being situated in the connectable shaft, two
rotary inputs are required for connecting it to the delivery
and intake sides of the pump. A third rotary input 1is used to
feed the fluid, which is placed under pressure by the brake
cylinder during braking, to the control wvalve 1in order to
actuate the control element. This renders the control wvalve
inaccessible to such an extent that it can only be actuated
hydraulically. However, this 1s not expedient in a genuine

control system which i1s not coupled to the brake system.
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A speed-difference-dependent hydraulic clutch with a
central valve 1s disclosed 1n US 6,145,644. The valve 1is
accommodated in the shaft connected to the drive housing, i.e.
again is accommodated entirely on the inside. However, it is
only a valve which reacts to certain operation states
(temperature pressure) without a control action from the
outside, i1.e. is not a control valve.

However, the problem on which the invention is based is
to design a clutch of the generic type in such a manner that
sensitive, precise and rapid control and adaptation of the
characteristic i1is ensured, with an outlay which 1is small as
possible.

According to the invention, this i1is achieved by wvirtue
of the fact that the control valve has a control element which
can be displaced i1in the direction of the axis and is actuated
by an actuator fixed on the housing, and by virtue of the fact
that an actuator which 1s arranged outside the second shaft,
which is connected in a rotationally fixed manner to the drive
housing, 1s mounted fixed on the housing and acts on the
control element 1s provided. The control valve therefore always
rotates together with said control element, which means that
rotary inputs are no longer required, and the rétating control
valve can be actuated from the stationary housing. Since the
drive housing and second shaft are connected fixedly to each
other or are even a single part, the control valve 1is

accommodated in the drive housing at a point at which the
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passage can be brought directly to; and yet the actuation can
take place from the second shaft, i.e. by means of an actuator
of small diameter which is guided with greater precision and
less friction.

In a development of the invention, the control wvalve
comprises the control element and a valve body having a
cylindrical surface which is coaxial with the axis of rotation
and 1s 1ntended for the control element, the coaxial
cylindrical surface being open into the interior of the drive
housing and the passage leading from the pressure space into an
inlet opening on the cylindrical surface (claim 2). The control
element 1s accordingly a coaxial control piston and the fluid
flow released by it can flow into the interior of the friction
clutch where it can cool and lubricate it.

A particularly simple construction and reliable
functioning i1s obtained by virtue of the fact that the control
element 1s a cylindrical pin which is loaded in the opening
direction of the valve by a compression spring (claim 3). A pin
of this type can be produced with exacting tolerance and the
compression spring ensures that the clutch i1s very rapidly

released 1f there 1s a defect.

The control wvalve 1is a proportional valve which is

controlled as a function of operating states (claim 4). This

enables the torque which 1s transmitted by the clutch to be
controlled electronically as a function of driving states and,

if appropriate, the driver'’s wishes.
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In a first embodiment, the actuator interacts with a
selector sleeve which surrounds the second shaft, rotates
together with it and can be displaced in the axial direction,
and a rod which passes through the selector sleeve and the
second shaft and comes into contact with the control element is
provided, the second shaft having a slot for the rod to pass
through (claim 5). Since the selector sleeve sits on the shaft,
its diameter can be small. The rod permits the movement into
the 1interior of the shaft to be introduced and is guided

precisely in the slot.

In a particularly advantageous embodiment, the actuator
is a solenoid which surrounds the second shaft and acts on the
control element through a magnetically neutral region of the
second shaft (claim 6). This enables the field of the solenoid,
which 1s fixed on the housing, to act on the control wvalve
through the shaft without any contact and without losses due to
friction. In this case, it 1i1s particularly favorable for the
valve body to be inserted into a central hole of the drive

housing and for the control element to be a pin with a magnet

core (claim 7).

The invention 1s described and explained below with

reference to figures, in which:

Fig. 1: shows a schematic diagram of the first embodiment of

the invention,

Fig. 2: shows a longitudinal section through the first

embodiment,
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Fig. 3: shows a longitudinal section through the second
embodiment.

In Fig. 1, a hydrostatic displacement machine 1 is merely
indicated without its connection to the elements of the speed-
difference-dependent hydraulic clutch. Reference is made for
this purpose to Fig. 2. The machine has a pressure chamber 2 or
3 and a suction chamber 3 or 2, depending on the mathematical
sign of the difference in speed. The chambers 2, 3 are
connected via non-return valves 4 on the intake side and a
rotary input 5 to a sump 6, from which the intake is drawn. On
the other side, the chambers 2, 3 are connected wvia non-return
valves 7 on the delivery side and a pressure line 8 to a
pressure space 9, in which they act on a piston 10 which is
guided in a drive housing 1l1. By means of the pressure in the
pressure space 9, the plates or discs of a clutch 12 are
brought 1into contact and the clutch is thus more or less
closed.

A passage 13 with a control wvalve 14 branches off from
the pressure line 8. From said passage, a line 15 leads to the
sump 6, here for the purposes of lubricating and cooling
throughout the interior of the clutch 12. As is to be explained
in greater detail with reference to Fig. 2, the control wvalve
14 1s situated in a rotating part and 1is actuated by a non-
rotating actuator via a movement connector 16. In the example

shown, the movement connector 16 1s a selector fork.
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In Fig. 2, the housing is referred to by 20, a first
shaft by 21 and a second shaft by 22. The housing 20 1s bell-
shaped, forms a sump 6 in 1its bottom region for the working
fluid, a flange 23 on the side of the second shaft 22 for
connection to another part of a drive train, for example to an
axle differential, and, on the side of the first shaft 21, has
a cover part 24 which is screwed to the housing 20. The first
shaft 21, 1is disconnected here to a force source, protrudes
deep into the housing 20 and supports an inner rotor 26 of the
pump 1, which is here a pump of the Gerotor type, and a clutch
hub 27. Both are connected to it in a rotationally £fixed
manner, for example by means of suitable coupling teeth or
splined shaft profiles. Inner coupling discs 28 are arrahged in
a rotationally fixed and displaceable manner on the clutch hub
27. The clutch hub 27 is positioned on an end plate 29.

The second shaft 22 is connected here in a rotationally
fixed manner to a driven shaft 32 which 1s, for example, a
hollow shaft which is guided in a bearing 33. The drive housing
11 is connected in a rotationally fixed manner or, as shown,
integrally to the second shaft 22. The drive housing 11 1is
formed by a circumferential wall 34 with a base 35, an
intermediate plate 36 and a pump housing 37 which are clamped
together by means of threaded screws 39. The pressure space 9
in which the piston 10 is guided i1s formed in the intermediate
plate 36. The pump housing 37 contains, eccentrically and

rotatably, an outer rotor 38 which 1interacts with the 1inner
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rotor 26. Since the inner rotor 26 1s connected in a
rotationally fixed manner to the first shaft 21 and the outer
rotor 38 interacts with the second shaft 22, the feed quantity
or the pressure produced by the pump 1 1s determined by the
difference in the speeds of the first shaft 21 and of the
second shaft 22.

The pressure line 8 can be seen in the intermediate
plate 36, crossing the latter in the axial direction. A branch
passage 42 branches off from said pressure line and leads into
the threaded hole 40, into which one of the threaded screws 39
is screwed. The passage 13 extends along the axis of this
threaded screw 39 and furthermore from the threaded hole 40
into a radial passage 43 which ends at the control valve 14.

The control valve 14 1is embedded in a concentric hole
48 which, beginning in the base 35 of the drive housing 11 with
a thread, extends 1n a graduated manner into the second shaft
22. Situated in this hole 48 1is a valve body 44, which 1is
screwed in a sealing manner into the drive housing 11 and forms
an annular space 45, from which one or more inlet openings 46
extend into the interior of the valve body 44 and lead into a
coaxial central hole 49 which forms a cylindrical surface 47.
In said central hole, a control element 52 can be displaced in
the axial direction. This control element 1s a simple,
cylindrical pin here. It is pushed to the right in the figure

by a compression spring 53 and is moved by the actuator counter
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to the force of this spring in the closing direction of the
inlet openings 46.

For this purpose, a slot 54 passes through the second
shaft 22, a rod 55 being guided in a displaceable manner in the
axial direction in the slot 54. This rod 55 is inserted on both
sides in a selector sleeve 56 which rotates together with the
second shaft 22. This selector sleeve 56 1s connected, here via
a deep-groove ball-bearing, to a non-rotating selector ring 57
which, for 1its part, is moved by a selector lever 59 wvia a
driver pin 58. The selector lever 59 is guided by its lower end
in a spherical bearing 60 of the housing 20 and, at its upper
end, has a toothed selector 61 in which an actuator piston 62
here engages. In this case, the actuator could be a stepping
motor, 1f appropriate with a corresponding step-down gear.

In Fig. 3, the mechanical actuation of Fig. 2 1is
replaced by a magnetic actuation. For this purpose, the hole 48
of the second shaft 22 1is widéned and extended by a hole 70 to
which a guide hole 71 is connected. The control element 52 is
therefore guided by its front end in the valve body 44 and by
its rear end in the guide hole 71. In the space 70, the control
element 52 has an armature 72 which is connected fixedly to it.
It could also be formed integrally or the control element 52
itself could be designed as the armature. A magnetizing coil 74
is provided in a stationary manner, 1i.e. fastened to the
housing 20, outside the second shaft 22. In order for it to be

possible for the magnetic field produced by it to act on the
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armature 72, the second shaft 22 has a zone 73 of low magnetic
permeability. This can be produced by selection of the material
or by heat treatment.

Energy which is modulated by a control unit (not shown)
in such a manner that the control valve 14 can be operated as a
proportional valve i1s supplied to the magnetizing coil 74 via a
line 75. This control unit can process both signals relating to
the driving state and actions of the driver to form an output
signal which wvia the magnetizing coil 74, controls the control
valve 14 and therefore the torque which is transmitted. The
multiple advantages of an electrical activation of the rotating

control valve, and this without sliding contacts, are obvious.
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PATENT CLAIMS

1. A speed-difference-dependent hydraulic clutch,
comprising a drive housing (11), which rotates in a housing (20)
that 1s fixed 1n space and forms a reservoir for a working
fluid, a first shaft (21) which can be c¢onnected i1in a
rotationally fixed manner to the drive housing, a second shaft
(22) which 1is connected in a rotationally fixed mannexr to the
drive housing, and furthermore a hydrostatic displacement
machine (1) that is responsive to a difference in speed between

the first (21) and second (22) shafts, a friction clutch (12)

tor connecting the first shaft (21) to the drive housing (11)

and a piston (10) for acting on the friction clutch (12), which
are accommodated 1n the drive housing, the drive housing (11)
having a pressure space (9), whereby a pressure is produced in
the pressure space (9) when a difference occurs between the
speed of the drive housing (11) and that of the first shaft
(21), wherein the pressure gives rise to action wupon the
friction clutch (12), and a passage (13) 1leading from the
pressure space to a control wvalve (14) which opens up the route

to a space of lower pressure 1n a controlled manner, and 1is
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arranged in the drive housing (11) and/or, in the second shaft

(22), and 1s arranged coaxially with said second shaft, wherein
the control wvalve (14) has a control element (52) which can be
displaced 1n the direction of the axis and 18 actuated by an
actuator, and wherein the actuator 1s arranged outside the
second shaft (22) and is mounted fixed on the housing and acts
on the control element (52).

2 . The speed-difference-dependent hydraulic clutch as
claimed in claim 1, wherein the control valve (14) comprises the
control element (52) and a valve body (44) having a cylindrical
surface (47) which is coaxial with the axis of rotation and 1is
intended for the control element (52), the coaxial c¢ylindrical
surface (47) being open into the interior of the drive housing
(11) and the passage (13) 1leading from the pressure space (9)
into an inlet opening (46) on the cylindrical surface (47).

3. The speed-diftfterence-dependent hydraulic c¢lutch as
claimed in c¢laim 2, wherein the control element (52) 1s a
cylindrical pin which 1s loaded 1n the opening direction of the
control valve (14) by a compression spring (53).

4 . The speed-difference-dependent hydraulic clutch as
claimed in claim 1 or 2, wherein the control wvalve (14) 1s a

proportional valve which 1s controlled as a function of

operating states.
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5. The speed-difference-dependent hydraulic c¢lutch as

claimed 1n c¢laim 1 or 2, wherein the actuator interacts with a

selector sgsleeve (56) which surrounds the second shaft (22),

TN

rotates together with it and can be displaced in the axial

direction, and wherein a rod (55) passes through the gselector
sleeve (56) and the second shaft (22) and comes 1into contact
with the control element (52) 1is provided, the second shaft (22)
having a slot (54) for the rod (55) to pass through.

6 . The speed-difference-dependent hydraulic c¢lutch as
claimed 1in claim 1 or 2, wherein the actuator (74) 1s a solenoid
(74) which surrounds the second shaft (22) and acts on the

-

ement (52) through the second shaft (22), with a

control e

magnetically neutral region (73) of the shaft (22) preventing a

magnetic short circuit.

7. The speed-difference-dependent hydraulic clutch as
claimed in claim 6, wherein the valve body (44) is inserted into
a central hole (48) of the drive housing (11) and the control

element (52) is a pin with an armature (72).
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