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first piston (2) arranged in a first piston cylinder (3) thereby
forming a first piston chamber (5) and a second piston (8) ar-
ranged in a second piston cylinder(9) thereby forming a
second piston chamber (10). The first piston (2) is adapted to
be displaced between a braking position and a rest position.
The first piston (2) is spring biased in the direction of its rest
position, and the second piston (8) is adapted to adjust a dis-
tance (X) provided between a friction element (6) and a ro-
tatable element (7) in the rest position of the first piston (2)
by means of adjustment of a volume of hydraulic fluid
trapped in the second piston chamber (10). At least one
spring element is arranged to act between the first and
second pistons (2, 8). The first and second pistons (2, 8) are
so arranged that a hydraulic pressure in the first and second
piston chambers (5, 10), respectively, will urge the first and
second pistons (2, 8) in opposite directions, thereby biasing
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Brake or coupling system and method of operating such system

Technical Field

The present invention relates to a brake or coupling system comprising a first
piston arranged displaceably in a first piston cylinder thereby forming a first
piston chamber and a second piston arranged displaceably in a second pis-
ton cylinder thereby forming a second piston chamber, the first piston being
adapted to be displaced between a braking position, in which braking force is
applied between a friction element and a rotatable element, and a rest posi-
tion, in which the friction element is spaced from the rotatable element, the
first piston being spring biased in the direction of its rest position by means of
at least one spring element, and the second piston being adapted to adjust a
distance provided between the friction element and the rotatable element in
the rest position of the first piston by means of adjustment of a volume of hy-

draulic fluid trapped in the second piston chamber.

Background Art

US 5,485,902 describes a hydraulic brake piston adjuster assembly adapted
to automatically adjust the clearance between the brake lining and brake disc
as the lining is worn. A first piston is displaceable in a housing, and a second
piston is displaceable coaxially in the first piston in a second piston chamber.
During braking, the first piston is displaced in the direction of the brake disc,
whereby a set of disc springs is compressed fully until an abutment is
reached. Thereby, the piston cap of the second piston compresses the brake
stack. If the brake stack has been worn, the second piston will be displaced
relative to the first piston until abutment of the piston cap, as hydraulic fluid is
allowed to enter the second piston chamber through a relief valve. Thereby,
the position of the piston cap is adjusted according to wear of the brake lin-

ing, and, when releasing the brake, the piston cap will be retracted a certain
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distance by means of the disc springs. However, it may be complicated to
retract the second piston into the first piston in order to gain the space nec-
essary for a replacement of the brake lining, as the relief valve positioned
centrally within the second piston will have to be opened, and an adequate
force must be applied possibly manually to the piston cap of the second pis-

ton in order to retract the second piston into the first piston.

EP 0 413 112 A1 describes a hydraulic brake with automatic slack adjust-
ment. The rest position of a main brake piston is adjusted by means of an
auxiliary piston. The auxiliary piston is advanced as wear takes place and is
retained in its position entirely by means of friction rings. Furthermore, with
increasing wear of a brake lining, an increasing volume of hydraulic oil is
trapped behind the auxiliary piston in the rest position of the main brake pis-
ton with the only aim of withstanding sudden impacts on the main brake pis-
ton. However, the use of friction rings may not provide a sufficient accurate
adjustment of the rest position of a main brake piston. Furthermore, it may be
complicated to retract the main brake piston in order to replace the brake Ilin-
ing, as the brake may have to be completely disassembled in order to re-

lease the friction rings.

Disclosure of the Invention

The object of the present invention is to provide a brake or coupling system
adapted to adjust the clearance between a friction element and a rotatable
element in a rest position, whereby replacement of the brake lining is facili-
tated.

In view of this object, the at least one spring element is arranged to act be-
tween the first and second pistons, and the first and second pistons are so

arranged that a hydraulic pressure in the first and second piston chambers,
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respectively, will urge the first and second pistons in opposite directions,

thereby biasing the at least one spring element.

Thereby, as the rest position of the first piston may be defined by the position
of the second piston, an increasing wear of the friction element may be com-
pensated for by a decreasing volume of hydraulic fluid trapped in the second
piston chamber. Therefore, when the friction element has been fully worn, it
may easily be retracted a suitably distance from the rotatable element by
simply supplying hydraulic fluid to the second piston chamber. Thereby, the
space necessary for a replacement of the friction element may be obtained

simply by pushing a button.

In an embodiment, the effective piston area of the second piston is smaller
than the effective piston area of the first piston. Thereby, an equal hydraulic
pressure may be supplied to both the first and the second piston chamber
when braking force is to be applied, as the first piston will outbalance the
second piston so that the resulting force will displace the first piston to its
braking position. Thereby, the brake or coupling system may be simplified, as
a possible pressure reduction valve will not be necessary for the supply of

hydraulic fluid to the second piston chamber.

In an embodiment, the relative movement between the first piston and the
second piston is limited by means of a first end stop defining a first distance
between the first and second pistons and a second end stop defining a sec-
ond distance between the first and second pistons. Thereby, a more accurate
adjustment of the distance provided between the friction element and the ro-
tatable element in the rest position of the first piston may be obtained, as the
possible relative displacement between the first and the second piston is well
defined.
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In a structurally advantageous embodiment, the first and second piston cylin-
ders are both formed in a stationary housing of the brake or coupling system.

Thereby, the design of the brake or coupling system may be simplified.

In a structurally advantageous embodiment, the first and second pistons are
connected by means of a piston rod, and the first piston is arranged at a first
end of the piston rod, and the second piston is arranged at a second end of
the piston rod. Thereby, the design of the brake or coupling system may be
simplified. The friction element may be positioned more or less directly on the
first piston, as the second piston may be positioned opposite the rotatable

element in relation to the first piston.

The first piston and/or the second piston may be arranged displaceably in
relation to the piston rod in an axial direction of the piston rod. In one em-
bodiment, the second piston is fixed to the piston rod, and the first piston is

arranged displaceably in relation to the piston rod.

In an embodiment, the least one spring element is arranged in an internal
bore of the first piston and acts between the first piston and the first end of
the piston rod. This may especially be of advantage in the case that the ef-
fective piston area of the second piston is smaller than the effective piston

area of the first piston, as more space may be provided within the first piston.

However, the least one spring element may just as well be arranged between

the second piston and the second end of the piston rod.

In a structurally advantageous embodiment, the least one spring element has
the form of a stack of disc springs arranged around the first end of the piston

rod.



WO 2012/126877 PCT/EP2012/054778

10

15

20

25

30

In an embodiment, the first end stop defining the first distance between the
first and second pistons is formed by means of an end face of the first end of

the piston rod and a bottom face of the internal bore of the first piston.

In an embodiment, the second end stop defining the second distance be-
tween the first and second pistons is formed by means of a first end face of a
bushing arranged around the first end of the piston rod and a shoulder of the
first end of the piston rod, and a second end face of said bushing abuts a

stop element arranged in the internal bore of the first piston.

In an embodiment, the first and second piston chambers are connected to a
supply of hydraulic fluid via a valve system adapted to, during application of
braking force, supply hydraulic fluid to the first piston chamber and allow leak
of hydraulic fluid from the second piston chamber and to, during release of
braking force, allow hydraulic fluid to be drained from the first piston chamber
and close fluid connection to the second piston chamber so that a volume of
hydraulic fluid is trapped in the second piston chamber. Thereby, an increas-
ing wear of the friction element may automatically be compensated for by a

decreasing volume of hydraulic fluid trapped in the second piston chamber.

In a structurally advantageous embodiment, the valve system includes a
check valve provided with a first, a second and a third valve port, the check
valve includes a valve element that is spring biased against a valve seat to
normally prevent flow from the first valve port to the second valve port and to
normally allow flow from the second valve port to the first valve port when a
certain pressure drop occurs from the second valve port to the first valve
port, the check valve includes a pilot piston arranged to be displaced by a
hydraulic pressure applied to the third valve port so that the pilot piston en-
gages the valve element and brings it to its open position, the first valve port
is in fluid communication with the second piston chamber, and the second

and third valve ports are in fluid communication with a first hydraulic fluid
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supply line connecting the first piston chamber with a first brake inlet port.
Thereby, by means of a single check valve, an increasing wear of the friction
element may automatically be compensated for by a decreasing volume of
hydraulic fluid trapped in the second piston chamber. Pressurized hydraulic
fluid may simply be supplied to the first brake inlet port, when braking force is
to be applied, and the first brake inlet port may be connected to a drain, when

braking force is to be released.

In an embodiment, the first valve port is in fluid communication with the sec-
ond piston chamber via a possibly adjustable flow restriction. Thereby, the
response of the second piston during the release of braking force may be
regulated by the employment of a suitable flow restriction and possible fine-
tuned in the case of an adjustable flow restriction. Thereby, during the re-
lease of braking force, it may be avoided that the second piston starts to
move before the check valve closes in order to lock the second piston in its
actual position. Thereby, possibly a more accurate adjustment of the distance
provided between the friction element and the rotatable element in the rest

position of the first piston may be obtained.

In an embodiment, the second piston chamber is by means of a second hy-
draulic fluid supply line connected directly with a second brake inlet port.
Thereby, when the friction element has been worn, it may easily be retracted
a suitably distance from the rotatable element by simply supplying hydraulic
fluid to the second brake inlet port whereby it will reach the second piston

chamber via the second hydraulic fluid supply line.

In another embodiment, the valve system comprises a first electronically op-
erated valve connecting the first piston chamber with the supply of hydraulic
fluid and a second electronically operated valve connecting the second piston
chamber with the supply of hydraulic fluid, and the first and second electroni-

cally operated valves are controlled by means of a control system, such as a
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computer control system. Thereby, by controlling the first and second elec-
tronically operated valves accordingly, an increasing wear of the friction ele-
ment may automatically be compensated for by a decreasing volume of hy-

draulic fluid trapped in the second piston chamber.

In yet another embodiment, the first piston chamber is in fluid communication
with a first hydraulic fluid supply line, and a valve system is connected be-
tween the first piston chamber and the second piston chamber, wherein the
valve system is adapted to open a fluid connection between the first piston
chamber and the second piston chamber, when pressure force is applied and
hydraulic fluid is supplied to the first piston chamber via the first hydraulic
supply line, and adapted to close the fluid connection between the first piston
chamber and the second piston chamber, when braking force is released.
The valve system may be implemented into the piston rod. Thereby, a par-
ticular simple solution for the braking system is provided. Advantageously,

the valve system comprises a pilot valve.

According to another embodiment, a relief is connected to the second piston
chamber, thereby preventing that an over pressure is built up in the second

piston chamber which could provide a violent retraction of the brake.

The present invention further relates to a method of operating a brake or
coupling system, the system comprising a first piston arranged displaceably
in a first piston cylinder thereby forming a first piston chamber and a second
piston arranged displaceably in a second piston cylinder thereby forming a

second piston chamber, the method comprising the following steps:

in order to apply a braking force between a friction element and a rotatable
element, displacing the first piston from a rest position to a braking position
by supplying hydraulic fluid to the first piston chamber, thereby biasing at

least one spring element,
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in order to release said braking force between the friction element and the
rotatable element, displacing the first piston from the braking position to the
rest position by allowing hydraulic fluid to leave the first piston chamber,

thereby at least partially unbiasing the at least one spring element,

in order to adjust a distance provided between the friction element and the
rotatable element in the rest position of the first piston, adjusting a volume of

hydraulic fluid trapped in the second piston chamber.

The method is characterized by that the at least one spring element is acting
between the first and second pistons, and by that, during application of said
braking force, a hydraulic pressure in the first and second piston chambers,
respectively, urge the first and second pistons in opposite directions, thereby
biasing the at least one spring element. Thereby, the above-mentioned prop-

erties may be obtained.

Brief Description of the Drawings

The invention will now be explained in more detail below by means of exam-

ples of embodiments with reference to the very schematic drawing, in which

Fig. 1 is a cross-section along the line |-l of Fig. 4 through part of a brake

system according to the invention, whereby a first piston is in its rest position,

Fig. 1A shows part of Fig. 1 on a larger scale,

Fig. 2 is a cross-section along the line lI-Il of Fig. 4 through part of the brake

system, whereby the first piston is in its rest position,
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Fig. 3 is a cross-section corresponding to that of Fig. 1, however, whereby

the first piston is in its braking position,

Fig. 4 is a top view of the brake system according to the invention,

Fig. 5 is a diagram illustrating possible valve connections for the brake sys-

tem

H

Fig. 6 is a cross-section through an embodiment of a check valve suitable for

the brake system, and

Fig. 7 is a cross-section of another embodiment brake system according to

the invention.

Detailed description of the Invention

Fig. 1 illustrates the invention by means of a brake system 1. The illustrated
brake system 1 is suitable to stop or brake the rotor of a wind turbine; how-
ever, the invention is equally applicable to other kinds of brake systems and
coupling systems. In the following, directions such as up and down, left and

right refers to the brake system 1 as it is illustrated in Figs. 1 to 3.

The brake system 1 according to the invention is a so-called active brake
whereby, in order to brake, an action has to be taken, and that is, hydraulic
pressure has to be applied. Normally, a brake includes two callipers, each
including a friction lining, one calliper on each side of a rotatable element,
such as a disc, and these clamp in on the disc at the same time. In a dual-
spring brake system, each calliper includes a return spring. If the brake for
example is to be mounted directly on a gearbox and/or on a system with a
possibility for axial movement of the rotatable element, a mono-spring brake

may be applied. The mono-spring brake system includes a brake calliper and
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a so-called holding calliper that are both mounted displaceably on an axis,
which means that they can move and adjust if the position of the disc
changes. The invention is equally applicable to dual-spring and mono-spring

brake systems.

The shown brake system 1 comprises a first piston 2 arranged displaceably
in a first piston cylinder 3 formed in a stationary housing 4 of the brake sys-
tem, thereby forming a first piston chamber 5 below the first piston 2. On the
top of the first piston 2 is arranged a friction element 6 in the form of a friction
lining adapted to engage a rotatable element 7 arranged above the friction
element 6. The first piston 2 is adapted to be displaced between a braking
position, as shown in Fig. 3, in which the friction element 6 engages the ro-
tatable element 7 and braking force thereby is applied between the friction
element 6 and the rotatable element 7, and a rest position, as shown in Figs.
1 and 2, in which the friction element 6 is spaced from the rotatable element
7. Thereby, a certain required distance X is provided between the friction

element 6 and the rotatable element 7 as indicated in Fig. 1.

Furthermore, brake system 1 comprises a second piston 8 arranged dis-
placeably in a second piston cylinder 9 formed in the stationary housing 4 of
the brake system, thereby forming a second piston chamber 10 above the
second piston 8. The second piston 8 is arranged below the first piston 2
concentrically therewith and is connected with the first piston 2 by means of a
piston rod 11, whereby the second piston 8 is adapted to adjust the distance
X provided between the friction element 6 and the rotatable element 7 in the
rest position of the first piston 2 by means of adjustment of a volume of hy-
draulic fluid trapped in the second piston chamber 10. The first piston 2 is
arranged at a first end 12 of the piston rod 11, and the second piston 8 is ar-

ranged at a second end 13 of the piston rod 11.
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The first piston 2 is sealed against the first piston cylinder 3 by means of
conventional sealing rings 38. The piston rod 11 is sealed against a bore in
the stationary housing 4 connecting the first and the second piston chambers
5, 10 by means of a conventional sealing ring 39, such as an O-ring. The
second piston 8 is sealed against the second piston cylinder 9 by means of a
rubber sealing disc 40 compressed between two metal discs 41 in that the
upper metal disc 41 abuts a shoulder 42 of the piston rod 11 and the lower
metal disc 41 abuts a nut 43 screwed onto an end thread of the piston rod
11. By this configuration, an easy assembly of the first and second pistons 2,
8 in the stationary housing 4 may be obtained by first inserting the first piston
in the housing from above and then inserting the second piston from below

and then mounting the nut 43.

However, the first and second pistons 2, 8 and the piston rod 11 may be

sealed in their respective bores by any suitable sealing rings.

In the embodiment shown, the second piston 8 is fixed to the piston rod 11,
and the first piston 2 is arranged displaceably in relation to the piston rod 11
in the axial direction of the piston rod 11. The second end 13 of the piston rod
11 is arranged in an internal bore 14 of the first piston 2. The relative dis-
placement of the first piston 2 in relation to the piston rod 11 and therefore
the relative movement between the first piston 2 and the second piston 8 is
limited to the above-mentioned required distance X by means of a first end
stop defining a first distance between the first and second pistons 2, 8 and a
second end stop defining a second distance between the first and second

pistons 2, 8.

The first end stop defining the first distance between the first and second pis-
tons 2, 8 is formed by means of an end face 16 of the first end 12 of the pis-
ton rod 11 and a bottom face 15 of the internal bore 14 of the first piston 2.

The second end stop defining the second distance between the first and sec-
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ond pistons 2, 8 is formed by means of a first end face 18 of a bushing 19
arranged around the first end 12 of the piston rod 11 and a shoulder 17 of the
first end 12 of the piston rod 11. A second end face 20 of said bushing abuts
a stop element 21 arranged in the internal bore of the first piston 2 and fixed

in the internal bore 14 by means of a locking ring 22.

A spring element in the form of a stack of disc springs 23 is arranged around
the first end 12 of the piston rod 11 in the internal bore 14 of the first piston 2
and acts between the first piston 2 and the first end 12 of the piston rod 11
and thereby between the first and second pistons 2, 8. The upper end of the
stack of disc springs 23 abuts the shoulder 17 of the first end 12 of the piston
rod 11, and the lower end of the stack of disc springs 23 abuts the stop ele-
ment 21 arranged in the internal bore of the first piston 2. Looking at Figs. 1
to 3, it is realized that the first piston 2 thereby is spring biased in the direc-
tion of its rest position by means of the stack of disc springs 23. It is noted
that although a different number of disc springs 23 is shown in different fig-
ures, this is only due to difficulties drawing the disc springs 23 in their com-
pressed state; of course, the brake system 1 will in reality comprise the same

number of disc springs in all states of operation.

Furthermore, it is noted that the first and second pistons 2, 8 are so arranged
that a hydraulic pressure in the first and second piston chambers 5, 10, re-
spectively, will urge the first and second pistons in opposite directions,
thereby biasing the at least one spring element in the form of the stack of
disc springs 23. In addition, it is noted that the effective piston area of the
second piston 8 is smaller than the effective piston area of the first piston 2.
Thereby it may be obtained that an equal hydraulic pressure may be supplied
to both the first piston chamber 5 and the second piston chamber 10 when
braking force is to be applied, as the first piston 2 will then outbalance the
second piston 8 so that the resulting force will displace the first piston 2 up-

wards to its braking position as shown in Fig. 3.
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The first and second piston chambers 5, 10 are connected to a (not shown)
supply of hydraulic fluid via a valve system 24 adapted to, during application
of braking force, supply hydraulic fluid to the first piston chamber 5 and allow
leak of hydraulic fluid from the second piston chamber 10 and to, during re-
lease of braking force, allow hydraulic fluid to be drained from the first piston
chamber 5 and close fluid connection to the second piston chamber 10 so

that a volume of hydraulic fluid is trapped in the second piston chamber 10.

In the embodiment shown, the valve system 24 includes a check valve 25
provided with a first valve port 26 (see Figs. 1, 3, 5 and 6), a second valve
port 27 (see Figs. 2, 5 and 6) and a third valve port 28 (see Figs. 2, 5 and 6).
The check valve 25 includes a valve element 29 in the form of a ball that is
spring biased against a valve seat 30 to normally prevent flow from the first
valve port 26 to the second valve port 27 and to normally allow flow from the
second valve port 27 to the first valve port 26 when a certain pressure drop
occurs from the second valve port 27 to the first valve port 26, see Figs. 5
and 6. Furthermore, the check valve 25 includes a pilot piston 31 arranged to
be displaced by a hydraulic pressure applied to the third valve port 28 so that
the pilot piston 31 engages the valve element 29 and brings it to its open po-

sition.

The check valve 25 may, for instance, be supplied by Sterling Hydraulics, for
instance of the type D02D3, and be configured to operate as described in the
following. The spring-loaded valve element 29 in the form of a ball is shifted
by low pressure on the second valve port 27 allowing free flow to the first
valve port 26. The pilot piston 31 is shifted by a pilot pressure on the third
valve port 28 and acts to shift the spring-loaded ball allowing flow from the
first valve port 26 to the second valve port 27. Reverse flow, from the first
valve port 26 to the second valve port 27, is blocked when pressure on the

first valve port 26 is, as an example, about three times greater than the pilot
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pressure on the third valve port 28. Back pressure on the second valve port
27 and, as an example, a third of the pressure drop, the first and second
valve ports 26, 27 each add to the pilot pressure required on the third valve
port 28.

As seen in Figs. 1 and 3, the first valve port 26 is in fluid communication with
the second piston chamber 10. As seen in Fig. 2, the second and third valve
ports 27, 28 are in fluid communication with a first hydraulic fluid supply line
32 connecting the first piston chamber 5 with a first brake inlet port 33. In or-
der to bring the first piston 2 to its braking position shown in Fig. 3, the first
brake inlet port 33 is supplied with hydraulic fluid from the above-mentioned
(not shown) supply of hydraulic fluid. A not shown solenoid valve or the like

may open for the supply of hydraulic fluid.

In the embodiment shown, the first valve port 26 is in fluid communication
with the second piston chamber 10 via a flow restriction 34 in the form of a
narrow passage that may be provided in a separate plug inserted into a
channel 35 connecting the first valve port 26 and the second piston chamber
10. The flow restriction 34 may alternatively be in the form of an adjustable
restriction, for instance a flow reduction valve or a restricted aperture of vari-
able cross-section. By means of the flow restriction 34, during the release of
braking force, it may be avoided that the second piston 8 starts to move be-
fore the check valve 25 closes in order to lock the second piston 8 in its ac-
tual position. Thereby, possibly a more accurate adjustment of the distance
provided between the friction element 6 and the rotatable element 7 in the

rest position of the first piston 2 may be obtained.

As seen in Figs. 1 and 3, the second piston chamber 10 is by means of a
second hydraulic fluid supply line 36 including the above-mentioned channel
35 connected directly with a second brake inlet port 37. Thereby, when the

friction element 6 has been worn, it may easily be retracted a suitably dis-
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tance from the rotatable element 7 by simply supplying hydraulic fluid to the
second brake inlet port 37 whereby it will reach the second piston chamber

10 via the second hydraulic fluid supply line 36.

In the figures, it is seen that some channel ends are closed by means of
plugs 44 in order to obtain the desired channel configurations. In Fig. 4, it is
apparent that the stationary housing 4 of the brake system 1 is provided with

bores 45 for mounting bolts.

In an alternative, not shown embodiment, the valve system 24 comprises a
first electronically operated valve connecting the first piston chamber 2 with
the supply of hydraulic fluid and a second electronically operated valve con-
necting the second piston chamber 10 with the supply of hydraulic fluid, and
the first and second electronically operated valves are controlled by means of
a control system, such as a computer control system. The first and second

electronically operated valves may for instance be solenoid valves or the like.

Independently of how the valve system 24 is configured, for instance by
means of mechanically or electronically controlled valves, the brake or cou-

pling system according to the invention may be operated as follows.

In order to apply a braking force between the friction element 6 and the ro-
tatable element 7, the first piston 2 is displaced from a rest position to a brak-
ing position by supplying hydraulic fluid to the first piston chamber 5. At the
same time, a hydraulic pressure is supplied to the second piston chamber 10
so that a hydraulic pressure in the first and second piston chambers 5, 10,
respectively, urge the first and second pistons 2, 8 in opposite directions,
thereby biasing the at least one spring element in the form of the stack of
disc springs 23 acting between the first and second pistons until abutment of
the above-mentioned first end stop. Because the effective piston area of the

second piston 8 is smaller than the effective piston area of the first piston 2,
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the resulting force on the first and second pistons will displace the first piston

2 upwards so that the friction element 6 engages the rotatable element 7.

In order to release said braking force between the friction element 6 and the
rotatable element 7, the first piston 2 is displaced from the braking position to
the rest position by allowing hydraulic fluid to leave the first piston chamber 5,
thereby at least partially unbiasing the stack of disc springs 23 until abutment
of the above-mentioned second end stop. At the same time, in order to adjust
the distance provided between the friction element 6 and the rotatable ele-
ment 7 in the rest position of the first piston 2, the volume of hydraulic fluid
now present in the second piston chamber 10 is trapped in the chamber by

closing the channel 35 leading to the second piston chamber 10.

Fig. 7 is a cross-section of another embodiment brake system according to
the invention. This embodiment differs from the embodiment shown in Figs.
1-3 in that the valve system 24’ is integrated into the rod piston. The valve
system 24’ comprises a pilot valve. In order to bring the first piston to its brak-
ing position, the first piston chamber 5’ is supplied with hydraulic fluid via the
first hydraulic supply line 32’. Thereby, hydraulic fluid is also supplied to the
pilot valve via first valve ports. This forces an internal piston down in order to
open up second valve ports in fluid connection with the second piston cham-
ber 10’ and at the same time biases an internal spring connected to said pis-
ton. Thus, a fluid connection between the first piston chamber 5 and the
second piston chamber 10’ is opened. Once the braking force is released
and hydraulic fluid is allowed to drain from the first piston chamber &, the
internal spring and the piston of the pilot valve retract and close the fluid con-
nection between the first valve ports and the second valve ports, thus closing
the fluid connection between the first piston chamber 5 and the second pis-
ton chamber 10’ and accordingly trapping the hydraulic fluid in the second

piston chamber 10’
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Claims

1. A brake or coupling system (1) comprising a first piston (2) arranged dis-
placeably in a first piston cylinder (3) thereby forming a first piston chamber
(5) and a second piston (8) arranged displaceably in a second piston cylinder
(9) thereby forming a second piston chamber (10), the first piston (2) being
adapted to be displaced between a braking position, in which braking force is
applied between a friction element (6) and a rotatable element (7), and a rest
position, in which the friction element (6) is spaced from the rotatable ele-
ment (7), the first piston (2) being spring biased in the direction of its rest po-
sition by means of at least one spring element, and the second piston (8) be-
ing adapted to adjust a distance (X) provided between the friction element (6)
and the rotatable element (7) in the rest position of the first piston (2) by
means of adjustment of a volume of hydraulic fluid trapped in the second pis-
ton chamber (10), characterized in that the at least one spring element is
arranged to act between the first and second pistons (2, 8), and in that the
first and second pistons (2, 8) are so arranged that a hydraulic pressure in
the first and second piston chambers (5, 10), respectively, will urge the first
and second pistons (2, 8) in opposite directions, thereby biasing the at least

one spring element.

2. A brake or coupling system according to claim 1, wherein the effective pis-
ton area of the second piston (8) is smaller than the effective piston area of
the first piston (2).

3. A brake or coupling system according to claim 1 or 2, wherein the relative
movement between the first piston (2) and the second piston (8) is limited by
means of a first end stop defining a first distance between the first and sec-
ond pistons (2, 8) and a second end stop defining a second distance be-

tween the first and second pistons (2, 8).
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4. A brake or coupling system according to any one of the preceding claims,
wherein the first and second piston cylinders (3, 9) are both formed in a sta-

tionary housing (4) of the brake or coupling system (1).

5. A brake or coupling system according to any one of the preceding claims,
wherein the first and second pistons (2, 8) are connected by means of a pis-
ton rod (11), and wherein the first piston (2) is arranged at a first end (12) of
the piston rod (11), and the second piston (8) is arranged at a second end
(13) of the piston rod (11).

6. A brake or coupling system according to claim 5, wherein the least one
spring element is arranged in an internal bore (14) of the first piston (2) and

acts between the first piston (2) and the first end (12) of the piston rod (11).

7. A brake or coupling system according to claim 6, wherein the least one
spring element has the form of a stack of disc springs (23) arranged around
the first end (12) of the piston rod (11).

8. A brake or coupling system according to claim 6 or 7, wherein the first end
stop defining the first distance between the first and second pistons (2, 8) is
formed by means of an end face (16) of the first end (12) of the piston rod
(11) and a bottom face (15) of the internal bore (14) of the first piston (2).

9. A brake or coupling system according to any one of the claims 6 to 8,
wherein the second end stop defining the second distance between the first
and second pistons (2, 8) is formed by means of a first end face (18) of a
bushing (19) arranged around the first end (12) of the piston rod (11) and a
shoulder (17) of the first end (12) of the piston rod (11), and wherein a sec-
ond end face (20) of said bushing (19) abuts a stop element (21) arranged in

the internal bore (14) of the first piston (2).
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10. A brake or coupling system according to any one of the preceding claims,
wherein the first and second piston chambers (5, 10) are connected to a
supply of hydraulic fluid via a valve system (24) adapted to, during applica-
tion of braking force, supply hydraulic fluid to the first piston chamber (5) and
allow leak of hydraulic fluid from the second piston chamber (10) and to, dur-
ing release of braking force, allow hydraulic fluid to be drained from the first
piston chamber (5) and close fluid connection to the second piston chamber
(10) so that a volume of hydraulic fluid is trapped in the second piston cham-
ber (10).

11. A brake or coupling system according to claim 10, wherein the valve sys-
tem (24) includes a check valve (25) provided with a first, a second and a
third valve port (26, 27, 28), wherein the check valve (25) includes a valve
element (29) that is spring biased against a valve seat (30) to normally pre-
vent flow from the first valve port (26) to the second valve port (27) and to
normally allow flow from the second valve port (27) to the first valve port (26)
when a certain pressure drop occurs from the second valve port (27) to the
first valve port (26), wherein the check valve (25) includes a pilot piston (31)
arranged to be displaced by a hydraulic pressure applied to the third valve
port (28) so that the pilot piston (31) engages the valve element (29) and
brings it to its open position, wherein the first valve port (26) is in fluid com-
munication with the second piston chamber (10), and wherein the second
and third valve ports (27, 28) are in fluid communication with a first hydraulic
fluid supply line (32) connecting the first piston chamber (5) with a first brake
inlet port (33).

12. A brake or coupling system according to claim 11, wherein the first valve
port (26) is in fluid communication with the second piston chamber (10) via a

possibly adjustable flow restriction (34).
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13. A brake or coupling system according to claim 11 or 12, wherein the sec-
ond piston chamber (10) by means of a second hydraulic fluid supply line

(36) is connected directly with a second brake inlet port (37).

14. A brake or coupling system according to claim 10, wherein the valve sys-
tem (24) comprises a first electronically operated valve connecting the first
piston chamber (5) with the supply of hydraulic fluid and a second electroni-
cally operated valve connecting the second piston chamber (10) with the
supply of hydraulic fluid, and wherein the first and second electronically op-
erated valves are controlled by means of a control system, such as a com-

puter control system.

15. A brake or coupling system according to any of the preceding claims,
wherein the first piston chamber (5') is in fluid communication with a first hy-
draulic fluid supply line (32’), and a valve system (24’) is connected between
the first piston chamber (5’) and the second piston chamber (10’), wherein
the valve system (24’) is adapted to open a fluid connection between the first
piston chamber (5’) and the second piston chamber (10’), when pressure
force is applied and hydraulic fluid is supplied to the first piston chamber (%)
via the first hydraulic supply line (32’), and to close the fluid connection be-
tween the first piston chamber (5’) and the second piston chamber (10),

when braking force is released.

16. A brake or coupling system according to claim 15 and any of claims 5-14,

wherein the valve system (24’) is implemented into the piston rod (11).

17. A brake or coupling system according to claim 15 or 16, wherein the

valve system (24’) comprises a pilot valve.

18. A brake or coupling system according to any of the preceding claims,

wherein a relief is connected to the second piston chamber (10, 10°).
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19. A method of operating a brake or coupling system (1), the system com-
prising a first piston (2) arranged displaceably in a first piston cylinder (3)
thereby forming a first piston chamber (5) and a second piston (8) arranged
displaceably in a second piston cylinder (9) thereby forming a second piston

chamber (10), the method comprising the following steps:

in order to apply a braking force between a friction element (6) and a ro-
tatable element (7), displacing the first piston (2) from a rest position to a
braking position by supplying hydraulic fluid to the first piston chamber (5),

thereby biasing at least one spring element,

in order to release said braking force between the friction element (6) and the
rotatable element (7), displacing the first piston (2) from the braking position
to the rest position by allowing hydraulic fluid to leave the first piston chamber

(5), thereby at least partially unbiasing the at least one spring element,

in order to adjust a distance provided between the friction element (6) and
the rotatable element (7) in the rest position of the first piston, adjusting a

volume of hydraulic fluid trapped in the second piston chamber (10),

characterized by that the at least one spring element is acting between the
first and second pistons (2, 8), and by that, during application of said braking
force, a hydraulic pressure in the first and second piston chambers (5, 10),
respectively, urge the first and second pistons (2, 8) in opposite directions,

thereby biasing the at least one spring element.
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