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(57) Abstract: A hydraulic cylinder ( 11) is disclosed
comprising a cylinder barrel (12) within which a move-
able piston (17) is provided. A piston (17) is connected to
a piston-rod (19) and the barrel (12) is divided by the p is
ton (17) into a bottom chamber (21) and a piston-rod side
chamber (22). The barrel (12) is configured such that one
of the chambers (21, 22) lies substantially concentrically
within at least a region of the other chamber (22, 21). The
invention also relates to hydraulic arrangements compris
ing at least one hydraulic cylinder of this type, and prefer
ably a plurality of hydraulic cylinders of this type. The
configuration of the hydraulic cylinder allows a multi-
cylinder hydraulic actuating unit to be constructed in a
more compact manner, with the hydraulic cylinders ar

ranged concentrically. Also disclosed in a method and ar

rangement for independently controlling the pitch of a
plurality of blades in a turbine rotor or a propeller.



HYDRAULIC CYLINDER AND RELATED ARRANGEMENTS

The present invention relates to hydraulic cylinders

and to hydraulic arrangements comprising a plurality of

hydraulic cylinders, particularly for use as blade-pitch

actuators for turbines or propellers.

It has been proposed previously to use hydraulic actuator

arrangements to control the pitch of propeller blades on

aircraft engines, so that the propeller can be adapted to

different thrust levels and air-speeds in order to maximise

efficiency and prevent the blades from stalling.

In contra-rotating propeller arrangements, where two

propellers are arranged one behind the other for rotation

in opposite directions, it has been proposed to provide two

hydraulic cylinders; one to control the blade-pitch of each

propeller. However, in the environment of an aero-engine,

space is very limited, and weight concerns are paramount.

It is therefore desirable to provide a hydraulic actuator

arrangement comprising two hydraulic cylinders in as

compact a package as practicable.

One previously proposed form of dual-cylinder

hydraulic actuator for this purpose is illustrated in

figure 1 . The arrangement illustrated in figure 1 has

actually been proposed for use in controlling the blade-

pitch of a contra-rotating propfan engine (also sometimes

known as an ultra-high bypass engine) , which can be

considered to represent a modified form of turbofan engine,

with a pair of contra-rotating unducted fans arranged

outside the engine nacelle.

The prior art arrangement of figure 1 has a first

hydraulic cylinder 1 comprising a cylinder barrel 2 , within

which a piston 3 is provided, the piston being carried at

the end of an elongate piston-rod . The piston 3 and the

piston-rod 4 are both provided with an axial through-bore



5 . A second hydraulic cylinder is provided which comprises

a cylinder barrel 7 mounted against one end of the barrel 2

of the first cylinder 1 . The second hydraulic cylinder

also comprises a piston 8 which is carried at the end of an

elongate piston-rod 9 . The piston-rod 9 of the second

hydraulic cylinder 6 is arranged to extend through the

central bore 5 of the first piston-rod, and so the two

piston-rods are thus arranged for independent, sliding

movement relative to one another. Each cylinder is provided

with a respective pair of feed/return lines 10 which,

because of the end-to-end relation of the two cylinders,

are arranged along one side of the arrangement. Each

piston rod is mechanically connected to the blades of a

respective fan, such that movement of the rods serves to

adjust the pitch of the fan blades. The blades of each fan

can therefore be pitched independently of those of the

other fan.

Because of the end-to-end relation of the two

cylinders 1 , 6 , the prior art actuator arrangement shown in

figure 1 has a length which is approximately equal to the

sum of the lengths of the two cylinders. Therefore,

although this arrangement has a relatively low profile in

the vertical sense as illustrated, it is rather long which

can cause installation issues. Another drawback of this

sort of arrangement is that the feed/return lines are

spread along the length of the assembly, which can cause

packaging problems for some installations.

Another area where multi-cylinder hydraulic actuators are

required is in the field of tidal- or wind-turbines of the

sort which are becoming increasingly useful in converting

kinetic energy from tidal currents or wind into mechanical

energy for the generation of electrical power.

Contra-rotating tidal- or wind-turbines have been proposed,

where it is desirable to control the blade-pitch of each



rotor independently. For such installations, an actuator

of the sort described above with reference to figure 1 can

be difficult to house within the turbine' s nacelle, given

the size of the hydraulic cylinders required to generate

sufficient actuating power, and the restrictions on the

size of the nacelle arising from casting limitations and

the need to ensure that it can be conveniently transported

and manoeuvred in to position at the installation site.

It is essential that tidal- or wind- turbines be

configured to stop automatically in case of malfunction,

for example if the generator overheats or becomes

disconnected from the electrical grid, in which case the

generator would no longer brake the rotation of the rotor,

with the result that the rotor would start accelerating

rapidly and uncontrollably, possibly to the point of

destruction. Accordingly, it is a certification

requirement that tidal- and wind-turbines have at least two

means to prevent such over-speed occurances. One proposal

for this has been to use a collective blade-pitching

mechanism in which all of the blades of the rotor are

pitched in synchronism, together with a separate mechanical

disc-brake. In such an arrangement, the collective blade

pitching arrangement represents one braking mechanism, and

the disc-brake represents the second braking mechanism.

However, in order to provide effective braking to a large

tidal- or wind-turbine, the disc brake arrangement needs to

have a very large size and mass, which is disadvantageous

from the point of view of installation constraints,

particularly in the case of a wind turbine where the brake

mechanism needs to be supported at the top of a tall

support tower which for aerodynamic reasons must be made as

slender as possible.

It is an object of the present invention to provide an

improved hydraulic cylinder for possible use in a multi-



cylinder hydraulic arrangement, and to provide an improved

hydraulic arrangement incorporating such a cylinder.

Accordingly, a first aspect of the present invention

provides a hydraulic cylinder comprising a cylinder barrel

within which a moveable piston is provided, the piston

being connected to a piston-rod; wherein the barrel is

divided by the piston in to a bottom chamber and a piston-

rod side- chamber, the barrel being configured such that

one of said chambers lies substantially concentrically

within at least a region of the other chamber.

Preferably, the bottom chamber lies concentrically

within at least a region of the piston-rod side-chamber.

In a preferred arrangement, the barrel is closed at

one end by a cylinder head through which the piston-rod

extends, and is closed at the other end by a cylinder

bottom, each said chamber being provided in fluid

communication with a respective port, both of the ports

being provided through the cylinder bottom.

Alternatively, the piston-rod side-chamber can lie

concentrically within at least a region of the bottom

chamber. In such an arrangement, the barrel is preferably

closed at one end by a cylinder head through which the

piston-rod extends, and is closed at the other end by a

cylinder bottom, each said chamber being provided in fluid

communication with a respective port, both of the ports

being provided through the cylinder head.

In a preferred arrangement, one of said chambers is

substantially cylindrical in form and lies substantially

concentrically within an annular region of the other

chamber.

The annular region of the other chamber may be

configured so as to have an inner profile which tapers

towards the port of the chamber.



According to another aspect of the present invention,

there is provided a hydraulic arrangement comprising a

first hydraulic cylinder of the type disclosed above,

provided in combination with a second hydraulic cylinder,

the first and second cylinders being arranged substantially

concentrically.

In such an arrangement, the second cylinder is

preferably provided within an axial throughbore extending

through the piston and the piston-rod of the first

cylinder.

Preferably, the bottom chamber of the first hydraulic

cylinder is substantially annular in form and is provided

around at least a region of the second hydraulic cylinder.

Alternatively, the first cylinder may be provided within an

axial throughbore extending through the piston and the

piston-rod of the second cylinder.

The second cylinder may be configured so as to have a

form generally similar to that of the first cylinder

described above.

A hydraulic arrangement falling within the scope of

the present invention may also comprise at least one

additional hydraulic cylinder (i.e. an hydraulic cylinder

in addition to the first and second hydraulic cylinders

mentioned above), such that all of the hydraulic cylinders

of the arrangement are substantially concentric with

respect to one another. In such an arrangement the or each

additional cylinder may preferably have a similar form to

the first and second cylinders described above.

Preferably, the hydraulic cylinders each have a barrel

of substantially equal length, the barrels being

substantially aligned with one another.

A hydraulic arrangement as described above may be

configured to hydraulically actuate a variable pitch



turbine rotor, for example a rotor forming part of a tidal-

or wind-turbine.

In such an arrangement, each hydraulic cylinder may be

arranged to control the pitch of a respective rotor blade.

Alternatively, each hydraulic cylinder may be arranged

to collectively control the pitch of the blades of a

respective rotor in a contra-rotating turbine arrangement.

Another aspect of the invention provides a wind or

tidal turbine having a multi-cylinder hydraulic arrangement

of the type identified above, wherein the hydraulic

arrangement is configured to control the pitch of the rotor

blades during rotation of the rotor such that the pitch of

each blade changes from a first predetermined pitch to a

second predetermined pitch as the blade passes a first

predetermined position, and subsequently returns to said

first pitch as the blade passes a second predetermined

position .

In a preferred arrangement, the rotor is supported for

rotation about a substantially horizontal axis by a support

structure, the arrangement being such that during rotation

of the rotor each said blade becomes overlapped with the

support structure substantially at said first predetermined

position, and subsequently moves clear of said support

structure substantially at said second predetermined

position.

A hydraulic arrangement of the type described above

may also be configured to hydraulically actuate a variable

pitch propeller arrangement. In such a case, each

hydraulic cylinder may be arranged to control the blade-

pitch of a respective propeller of a contra-rotating

propeller arrangement, for example for use in a propfan

engine .



It is another object of the present invention to

provide an improved method of adjusting the pitch of the

blades of a propeller or turbine.

Accordingly, there is also provided a method of

controlling the pitch of a plurality of blades within a

turbine rotor or a propeller, the method comprising the

step of providing each blade with a respective pitch-

actuator, and actuating each said pitch-actuator

independently of the or each other pitch-actuator so as to

adjust the pitch of the blades independently of one

another .

The method may comprise the step of actuating the

pitch-actuator of each blade during rotation of the rotor

or propeller such that the pitch of said blade changes from

a first predetermined pitch to a second predetermined pitch

as the blade passes a first predetermined position, and the

subsequent step of actuating the pitch-actuator of said

blade such that its pitch returns to said first pitch as

the blade passes a second predetermined position.

In such a method employed to control the pitch of

blades within a wind or tidal turbine rotor, the turbine

rotor is preferably supported for rotation about a

substantially horizontal axis by a support structure, and

wherein each said blade becomes overlapped with the support

structure substantially at said first predetermined

position, and subsequently moves clear of said support

structure substantially at said second predetermined

position .

The method may preferably involve the use of a multi -

cylinder hydraulic arrangement of the type identified

above, wherein each hydraulic cylinder is used as a

respective said pitch-actuator to hydraulically control the

pitch of a respective blade.



So that the invention may be more readily understood,

and so that further features thereof may be appreciated,

embodiments of the invention will now be described, by way

of example, with reference to the accompanying drawings, in

which:

Figure 1 (referred to above) is a sectional drawing

illustrating a prior art multi-cylinder hydraulic actuator;

Figure 2 is a perspective view illustrating a

hydraulic cylinder in accordance with a first embodiment of

the present invention;

Figure 3 is a perspective view illustrating a

hydraulic cylinder in accordance with a second embodiment

of the present invention;

Figure 4 is a sectional view illustrating a multi-

cylinder hydraulic arrangement incorporating a hydraulic

cylinder of the type illustrated in figure 2 ;

Figure 5 is a sectional view similar to that of figure

illustrating an alternative multi-cylinder hydraulic

arrangement incorporating a hydraulic cylinder of the type

illustrated in figure 3 ;

Figure 6 is a sectional view of an alternative multi-

cylinder hydraulic arrangement incorporating a modified

form of the hydraulic cylinder illustrated in figure 2 ;

Figure 7 is a schematic drawing showing the internal

profile of an inner chamber of an alternative form of

hydraulic cylinder;

Figure 8 is a perspective view illustrating a

hydraulic cylinder incorporating a piston-rod side-chamber

having a region shaped as illustrated in figure 7 ;

Figure 9 is a schematic drawing illustrating a

hydraulic arrangement in accordance with the present

invention provided as part of a tidal- or wind-turbine;

Figure 10 is an enlarged view of part of the

arrangement illustrated in figure 9 ;



Figure 11 is a schematic front elevation showing three

successive positions of the rotor of a wind turbine;

Figure 12 is a perspective view corresponding

generally to that of figure 9 , but illustrating a tidal- or

wind-turbine having two contra-rotating rotors;

Figure 13 is a longitudinal sectional view through a

contra-rotating propfan engine incorporating a hydraulic

actuating arrangement in accordance with the present

invention; and

Figure 14 is a longitudinal sectional view

corresponding generally to that of figure 13, showing a

contra-rotating propfan engine incorporating a hydraulic

actuating arrangement in accordance with another embodiment

of the present invention.

Referring now to figure 2 , there is illustrated a

hydraulic cylinder 11 in accordance with the present

invention. The cylinder 11 comprises a cylinder barrel 12

which is closed at one end by a cylinder head 13 and which

is closed at the opposite end by a cylinder bottom 14. As

will be appreciated, the cylinder barrel takes the form of

a right-circular cylinder.

An internal chamber wall 15, in the form of a right

circular cylinder of reduced diameter compared to the

cylinder barrel 12, is provided within the cylinder barrel

12 and extends from the cylinder bottom 14 towards the

cylinder head 13, terminating at an open end 16 spaced

slightly inwardly of the cylinder head 13.

A piston 17 is provided within the internal space

defined by the chamber wall 15, the piston 17 being

slideably moveable within the cylinder and being provided

in sealing engagement around its periphery with the inner

surface of the internal chamber wall 15. The piston 17 is

mounted to an inner end 18 of a piston-rod 19, the piston-

rod 19 extending through the open end 16 of the internal



chamber wall 15 and through a sealed opening 20 formed at

the centre of the cylinder head 13.

The moveable piston 17 thus divides the cylinder

barrel 13 in to two fluidly-distinct chambers. One of

these chambers represents a bottom chamber 21 and is

defined within the internal chamber wall 15, between the

cylinder bottom 14 and the piston 17. The other chamber

represents a piston-rod side-chamber 22 on the piston-rod

side of the piston 17. The piston-rod side-chamber has two

regions which are in substantially free fluid-communication

with one another, namely an inner region 23 located within

the internal chamber wall 15, and an outer annular region

24 located outside the internal chamber wall 15.

As can also be seen in figure 2 , the hydraulic

cylinder 11 is provided with a pair of ports. Firstly, a

port 25 is provided through the cylinder bottom 14 in

fluid-communication with the bottom chamber 21 within the

confines of the internal chamber wall 15. A second port 26

is also provided through the cylinder bottom 14, but this

port lies outside the confines of the internal chamber wall

15 so as to lie in fluid-communication with the piston-rod

side-chamber 22, and in particular so as to lie in direct

fluid-communication with the outer annular region 24. The

ports 25, 26 are each connected to a respective hydraulic

fluid feed/return line 27, 28.

As will be appreciated, if hydraulic fluid is supplied

under pressure along the feed line 27, through the port 25

and in to the bottom chamber 21, the piston 17 will be

driven away from the cylinder bottom 14 with the result

that the piston-rod 19 is moved so as to extend further out

of the sealed opening 20 provided in the cylinder head 13.

As the piston is moved in this way, the hydraulic fluid

within the piston-rod side-chamber 22 is driven out through

the port 26 and along the return line 28. The operation of



the hydraulic cylinder is reversed when hydraulic fluid is

provided under pressure along the line 28 so as to pass

through the port 26 in to the piston-rod side-chamber 22.

It should be appreciated that in the hydraulic

cylinder arrangement illustrated in figure 2 , the inner

region 23 of the piston-rod side-chamber 21 is

substantially cylindrical in form and lies concentrically

within the outer annular region 24 of the piston-rod side-

chamber 22. This arrangement is also illustrated in figure

4 (which will be discussed in more detail hereinafter) in

which the central hydraulic cylinder 11 is constructed

exactly as described above and as illustrated in figure 2 .

Turning now to consider figure 3 , however, there is

illustrated an alternative embodiment of the hydraulic

cylinder of the present invention, in which the positions

of the bottom chamber 21 and the piston-rod side-chamber 22

have been effectively swapped such that the piston-rod

side-chamber 22 is substantially cylindrical in form and

lies concentrically within an annular region of the bottom

chamber 21. In this arrangement the cylinder head 13,

through which the piston-rod 19 extends, is shown at the

left hand end of the cylinder barrel 12, whilst the

cylinder bottom 14 is shown at the right hand end. In this

arrangement, the internal chamber wall 15 has the same

general form as in the arrangement illustrated in figure 2 ,

but is now closed at one end by the cylinder head 13 and

extends towards the cylinder bottom 14 so as to terminate

at an open end 16 located slightly inwardly of the cylinder

bottom 14. The effect of this reversed arrangement is that

the bottom chamber 21 of the arrangement shown in figure 3

has a configuration generally similar to that of the

piston-rod side-chamber 22 of the arrangement in figure 2 ,

and thus comprises two distinct regions, namely an inner



region 29 of generally cylindrical form lying within an

outer annular region 30.

As will be appreciated from a consideration of figure

3 , in order to allow the piston-rod 19 to pass through the

sealed opening 20 formed centrally within the cylinder head

13, the feed/return line 28 and its associated port 26

provided in fluid-commumcation with the piston-rod side-

chamber 22 has been moved off-axis.

Another notable difference between the arrangements

illustrated in figure 2 and figure 3 is that in the

arrangement of figure 3 , the ports 25, 26 are provided

through the cylinder head 13, whereas m the arrangement of

figure 2 , the ports 25, 26 are provided through the

cylinder bottom 14. Nevertheless, it should be appreciated

that in both of these arrangements the cylinder barrel 12

is divided by the piston 17 in to a bottom chamber and a

piston-rod side-chamber, such that one of those chambers

(the bottom chamber in the case of figure 2 , and the

piston-rod side-chamber 22 in the case of figure 3 ) lies

substantially concentrically within at least a region of

the other chamber. This means that the ports 25, 26 can

both be provided through the same end plate of the cylinder

11 (the ports 25, 26 being formed through the cylinder

bottom 14 in the case of figure 2 , and being provided

through the cylinder head 13 in the case of figure 3 ) .

This provides significant packaging advantages when

providing a hydraulic arrangement comprising a plurality of

hydraulic cylinders, as will now be explained in more

detail with regard to figure 4 .

Figure 4 illustrates a hydraulic arrangement in

accordance with the present invention which incorporates

three hydraulic cylinders arranged generally concentrically

with respect to one another. The first hydraulic cylinder

11 takes the form described above and illustrated in figure



2 and is located centrally within the array. A second

hydraulic cylinder 11a is provided around the outside of

the first cylinder 11. In order to permit this

arrangement, the piston 17a of the second cylinder 11a has

a generally annular form defining a relatively large

central opening 31 through which the cylinder barrel 12 of

the first hydraulic cylinder 11 is slideably received. As

will be apparent from figure 4 , the piston-rod 19a of the

second cylinder 11a also has a relatively large

complimentary central bore through which the cylinder

barrel 12 of the first cylinder 11 is slideably received.

The cylinder head 13a of the second cylinder 11a also

has a generally annular form, as indeed does the cylinder

bottom 14a. As will therefore be appreciated, the entire

construction of the second hydraulic cylinder 11a is

generally annular in form so as to lie substantially

concentrically around the centrally located first hydraulic

cylinder 11. This means that in the arrangement

illustrated in figure 4 , the bottom chamber 21a of the

second hydraulic cylinder 11a has a generally annular form

extending around the periphery of the cylinder barrel 12 of

the first hydraulic cylinder 11. Similarly, the inner

region 23a of the piston-rod side-chamber 22a of the second

hydraulic cylinder 11a also has an annular form with the

outer annular region 24a lying outside it. The bottom

chamber 21a and the outer annular region 24a of the piston-

rod side-chamber 22a are both each provided with respective

fluid ports 25a, 2βa provided through the cylinder bottom

14a in the same manner as in the case of the central first

hydraulic cylinder 11.

Although it will not be described in detail here, the

hydraulic arrangement of figure 4 also comprises a third

hydraulic cylinder lib, having a configuration

substantially identical to that of the second hydraulic



cylinder 11a, and thus having a generally annular form so

as to lie around the outer periphery of the second

hydraulic cylinder 11a.

It will therefore be appreciated that the arrangement

illustrated in figure 4 comprises three concentrically

arranged hydraulic cylinders, all of which have cylinder

barrels 12, 12a, 12b of substantially equal length such

that the respective cylinder heads 13, 13a, 13b and the

respective cylinder bottoms 14, 14a, 14b are effectively

aligned and may thus be defined by a unitary end plate.

This arrangement therefore allows the provision of a

plurality of individually operable hydraulic cylinders in a

unit of significantly reduced length compared to the prior

art illustration of figure 1 . Of course, the arrangement

illustrated in figure 4 will grow in radial dimension with

each additional hydraulic cylinder but in certain

applications, such as within the nacelles of tidal- or

wind-turbines, it has been found that this increased

dimension can be more readily accommodated than an

arrangement of very long length such as that illustrated in

figure 1.

Another advantage with the arrangement illustrated m

figure 4 is that the feed/return ports 25, 26, 25a, 26a are

more conveniently arranged on a single end face of the

hydraulic arrangement which has been found to enable the

associated feed/return lines to be packaged more compactly

than in the sort of arrangement as illustrated in figure 1

in which the feed lines are spread along the length of the

hydraulic arrangement.

Of course, whilst the concentric arrangement

illustrated in figure 4 has been described with reference

to use of a central hydraulic cylinder 11 of the type

illustrated in figure 2 and with annular derivatives of the

cylinder illustrated in figure 2 , variants of the invention



could be constructed using a central cylinder of the

alternative form illustrated in figure 3 and annular

derivatives thereof.

Figure 5 illustrates an arrangement based generally on

that of figure 4 , but with the central cylinder having been

replaced with a cylinder of the type illustrated in figure

2 , and with the third cylinder lib having been removed. It

will be noted, however, that the second cylinder 11a is

identical to that of the arrangement shown in figure 4.

As will be noted from consideration of figure 5 , the

central cylinder 11 is effectively reversed from the

orientation shown in figure 4 such that its piston rod 19

extends in the opposite direction to the piston 19a of the

second annular cylinder 11a. The piston rod side chamber

22 is therefore substantially cylindrical in form and lies

concentrically within an annular region 30 of the bottom

chamber 21. It should thus be noted that in this

arrangement the cylinder head 13, through which the piston-

rod 19 extends is located at the left-hand-end of the

arrangement as illustrated, and is thus contiguous with the

cylinder bottom 14a of the second cylinder 11a. Similarly,

the cylinder bottom 14 of the central cylinder 11 is now

contiguous with the cylinder head 13a of the second

cylinder .

Turning now to consider figure 6 , there is illustrated

an alternative embodiment of hydraulic arrangement

comprising a central hydraulic cylinder 32 around which is

provided an annular hydraulic cylinder 11a of identical

configuration to the second hydraulic cylinder 11a

described above and illustrated in the arrangements of

figures 4 and 5 . However, in this arrangement, it will be

noted that the central hydraulic cylinder 32 has a

different form to any of those described above.



The central hydraulic cylinder 32 of the arrangement

illustrated in figure 5 is not configured so that the

bottom chamber lies substantially concentrically within a

region of the piston-rod side-chamber or vice-versa .

Instead, the central hydraulic cylinder 32 takes a more

conventional form in which the bottom chamber 33 is defined

to one side of the piston 34 and the piston-rod side-

chamber 35 is defined entirely on the other side of the

piston 34, actually within the piston-rod 36 which in this

arrangement is hollow. In order to provide fluid-

communication with the piston-rod side-chamber 35, via a

fluid line 37 formed through the same end plate as the

fluid lines 27a, 28a of the annular cylinder 11a, the

piston 34 has an annular form and is arranged to slide over

an axial fluid supply pipe 38. The end of the fluid supply

pipe 38 on the piston-rod side of the piston 34 carries a

bracket 39 to which the cylinder head 40 of the central

hydraulic cylinder 32 is secured and retained in position.

Figures 7 and 8 illustrate a possible modification to

the cylinder arrangements illustrated in figures 2 and 3

which has been proposed in order to improve the hydraulic

efficiency of the cylinder arrangement. In this modified

version, the outer annular region 24 of the piston-rod

side-chamber 22 has been modified so as to have an inner

profile which tapers (i.e. narrows) towards the port 26.

Figure 7 illustrates, in schematic form, the preferred form

of the tapering inner profile for the outer and inner

region 24. It is believed that by using the tapering

profile illustrated in figures 7 and 8 , pressure losses

within the hydraulic fluid can be reduced when compared to

the arrangement illustrated in figure 2 in which there is a

large step-up in area between the outlet area of the port

26 and the area of the annular region 24 with which it

communicates. It is envisaged that the arrangement



illustrated in figure 3 could also be modified in a similar

manner to that illustrated in figures 7 and 8 such that the

outer annular region 30 of the bottom chamber 21 would have

an inner profile tapering towards the port 25.

Turning now to consider figure 9 , there is

illustrated, in schematic form, a cut away view of a tidal

turbine incorporating a hydraulic actuating arrangement

comprising a pair of concentric hydraulic cylinders in

accordance with the present invention. However, it should

be appreciated that the arrangement illustrated in figure 9

could also serve as a wind-turbine with relatively minor

modifications. Also, it should be noted that for the sake

of simplicity and clarity, the turbine rotor illustrated in

figure 8 comprises only two rotor blades 40, 41, the pitch

of each being independently controlled by a respective

hydraulic cylinder 11, 11a. However, it is common in

tidal- and wind-turbine installations to use turbine rotors

comprising three or possibly even more rotor blades, in

which case the pitch of each additional rotor blade would

also be controlled by a respective hydraulic cylinder,

necessitating a three- or four-cylinder hydraulic actuator.

Each rotor blade 40, 41 is connected to a central hub

44 of the turbine for individual rotation about a

respective longitudinal blade axis 45, 46. The central hub

44 is mounted for rotation relative to a fixed nacelle 47,

about a longitudinal axis 48.

The hub 44 is fixed to a central shaft 49 which runs

along the longitudinal axis 48 and is connected at its

opposite end to a generator 50 housed within the nacelle 47

in a manner known per se. Also housed within the fixed

nacelle 47 is a hydraulic supply system 51 which comprises

at least one hydraulic pump and a hydraulic fluid reservoir

connected via feed/return lines (indicating generally at



52) to the inner chambers of the respective hydraulic

cylinders 11, 11a in order to operate the cylinders.

As illustrated more clearly in figure 10, the stem 42,

43 of each rotor blade 40, 41 is rotatably connected, at a

point 52 which is spaced radially from the respective blade

axis to the end 53 of a respective cranked connecting rod

54, 55. Thus, each connecting rod 54, 55 has a

longitudinal arm 56, 57 which lies substantially parallel

to the longitudinal axis 48. The opposite end of each

connecting rod 54, 55 is fixably connected to a respective

thrust bearing 58, 59 mounted to the projecting end of a

respective hydraulic cylinder piston 19, 19a.

As each hydraulic cylinder 11, 11a is actuated, such

that its associated piston 19, 19a is moved axially along

the longitudinal axis 48, linear motion is imparted to the

respective connecting rods 54, 55, as represented

schematically by arrow 60 in figure 10 which, by virtue of

the eccentric connection between the end 53 of the

connecting rod and the respective blade stem 42, 43,

imparts a rotational deflection to the respective rotor

blade 40, 41, about the respective blade axis 45, 46. In

this manner, hydraulic operation of each cylinder 11, 11a

serves to control the pitch of a respective blade 40, 41.

As will be appreciated, in the embodiment illustrated in

figure 9 , the pistons 19, 19a of the two hydraulic

cylinders do not rotate significantly around the

longitudinal axis 48, the thrust bearings 58, 59 serving to

allow the hub 44 and the associated blades 40, 41 to

rotate. However, it is envisaged that the arrangement of

figure 9 could be modified by allowing the pistons 19, 19a

to rotate within the respective hydraulic cylinders 11,

11a, thereby eliminating the need for the thrust bearings

58, 59. Of course, given the likely speed of rotation

required (approximately 20rpm in the case of a tidal



turbine) , such a modification would require very effective

seals between the hydraulic cylinders and their respective

rotating pistons.

As will also be appreciated from figure 9 , in the

specific arrangement illustrated, the piston 19 of the

central hydraulic cylinder 11 has an annular form provided

around the central shaft 49, thereby allowing the shaft 49

to rotate within the piston 19. Such an arrangement would

require one of the feed/return lines 52 to be moved off-

centre with respect to the longitudinal axis of the

hydraulic cylinder 11, in a manner generally similar to

that illustrated in figure 3 . Nevertheless, the

arrangement illustrated in figure 9 allows the feed/return

lines 52 all to be located on an end face of the hydraulic

arrangement, thereby leading to a very neat and efficient

network of piping.

It is envisaged that an electronic control system

arranged to sense individual blade position and hub speed

would be used to calculate the direction and degree of

blade-pitch-adjustment required, converting this into a

target linear movement required by the relevant piston.

A hydraulic actuating arrangement of the type shown in

figure 9 lends itself particularly well to use as a braking

device in the context of a tidal- or wind-turbine

installation. As previously mentioned, it is important

that all tidal- or wind-turbines are provided with at least

two mechanisms to slow the turbine rotor in the event of

failure or disconnection of the generator, or some other

malfunction which would otherwise cause the rotor to

accelerate without control. Prior art arrangements achieve

this by using collective pitch-control of all the turbine

blades as one brake mechanism, and a disc brake as a second

brake mechanism. However, the present invention proposes

independently controlling the pitch of each turbine blade



40, 41 such that the pitch control mechanism associate with

each blade represents a separate brake mechanism. So,

taking the example shown in figure 9 , in the event of a

failure occurring which causes the turbine rotor to begin

accelerating without the normal load applied through the

generator 50, the two hydraulic cylinders 11, 11a can be

actuated independently of one another so as to move the two

blades to different pitches, the effect of which is to slow

the rotor very rapidly. However, should one of the two

hydraulic cylinders 11, 11a fail, the pitch of the other

blade can still be adjusted by the remaining cylinder in

order to slow the rotor, thereby providing sufficient

redundancy, such that the large and inconvenient disc-brake

of the prior art arrangements can be dispensed with.

Turning now to consider figure lla there is

illustrated a wind-turbine arrangement comprising a

supporting structure in the form of a pylon 58 . The pylon

supports a fixed nacelle 59 at its upper end, and a turbine

rotor 60 is mounted for rotation about a substantially

horizontal axis relative to the nacelle 59. The rotor 60

illustrated comprises three variable pitch rotor blades 61,

62, 63, each of which is mounted for rotation about a

respective longitudinal blade axis 64, 65, 66. It is

envisaged that the pitch of the blades 61, 62, 63 will be

individually controlled via a three-cylinder version of the

hydraulic actuator arrangement illustrated in figure 9 ,

each hydraulic cylinder being arranged to control the pitch

of a respective blade.

As will now be explained in further detail with

reference to figures lla, lib and lie, one aspect of the

present invention proposes individually adjusting the pitch

of each blade 61, 62, 63 as it moves past the support pylon

58, in order to account for the non-uniform flow of air (or



in the case of a tidal turbine, water) through the rotor in

the region of the pylon.

Figure 11a shows the rotor 60 in a position in which

each of the three blades is substantially clear of the

pylon 58 . In this rotational position it is proposed that

each blade 61, 62, 63 will be trimmed about its respective

axis 64, 65, 66 so as to have a first predetermined pitch,

the first predetermined pitch being appropriate for the

instant wind conditions.

Figure lib shows the rotor 60 in a subsequent position

during its rotation in which the blade 61 is partially

overlapped with the support pylon 58 . The position of the

blade 61 shown in figure lib represents a first

predetermined position, in which the longitudinal axis 64

of the blade lies coincident with a nominal radial axis 65

which makes an acute angle α to the vertical. When the

blade 61 reaches its first predetermined position, its

respective hydraulic actuator is actuated to adjust the

pitch of the blade, changing its pitch from the first

predetermined pitch to an alternate second predetermined

pitch, the second predetermined pitch being calculated as

more efficient for the local flow conditions whilst the

blade moves past the pylon 58.

Figure lie shows the rotor in a subsequent position,

in which the blade 61 has moved substantially past the

pylon 58 and is about to clear the pylon. The position of

the blade 61 shown in figure lie represents a second

predetermined position, in which the longitudinal axis 64

of the blade lies coincident with a second nominal radial

axis 66 on the opposite side of the pylon and which makes

an acute angle θ to the vertical. When the blade 61

reaches its second predetermined position, its respective

hydraulic actuator is actuated again to adjust the pitch of

the blade, returning its pitch from the second



predetermined pitch to the first predetermined pitch for

optimal operation in the region of substantially

undisturbed airflow away from the pylon 58 .

Each of the other rotor blades 62, 63 are also

successively adjusted in the manner described above, as

they move past the pylon 58.

It is envisaged that in most installations, the angle

α will be substantially equal to the angle θ , but it is to

be appreciated that this is not essential. It should also

be noted that the values of angles α and θ can be adjusted

depending on the particular characteristics of any given

pylon/rotor/prevailing wind combination. For example, in

some installations it may be appropriate to allow each

blade to become more overlapped with the pylon than shown

in figure lib before the pitch of the blade is adjusted, in

which case the angle α would be reduced from that shown in

figure lib.

Whilst this aspect of the invention has been described

above with reference to figures 11a, lib and lie in the

context of a wind-turbine, it should be appreciated that a

similar pitch-adjustment regime could be applied to the

blades of a tidal-turbine.

It is also thought that the above-described method of

varying the pitch of each blade as it moves through a lower

region of its rotational path could be used to improve the

overall performance of a wind- or -tidal turbine by

adjusting the pitch of each blade to account for the local

reduction in working medium (air or water flow rate

respectively) in the lower region of the rotor due to

altitude/depth mass flow gradient variations caused by a

surface boundary layer.

Figure 12 illustrates an arrangement generally similar

to that illustrated in figure 9 , except the arrangement of

figure 12 shows a wind- or tidal-turbine comprising a pair



of contra- rotating rotors 69, 70. In this arrangement,

the central hydraulic cylinder 11 is arranged to

collectively control the pitch of the rotor blades 71 of

the first turbine rotor 69, whilst the second hydraulic

cylinder 11a is arranged to collectively control the pitch

of the blades 72 of the second rotor 70. In this

arrangement, because the two rotors 69, 70 are spaced apart

from one another along the longitudinal axis 48, the

pistons 19, 19a of the hydraulic cylinders can be arranged

so as to have a length appropriate to eliminate the need

for cranked connecting rods as illustrated in the

arrangement of figure 9 . In this arrangement, the rotor

blades 71, 72 are each connected to the respective thrust

bearing 67, 68 by radially arranged, substantially straight

connecting rods 73, 74.

Turning now to consider figure 13, a contra-rotating

propeller gas turbine engine (commonly known as a "propfan"

engine) is indicated at 75 and has a principal and

rotational axis 76. The engine 75 comprises a core engine

77 having, in axial flow series, an air intake 78, an

intermediate pressure compressor 79 (IPC), a high pressure

compressor 80 (HPC), combustion equipment 81, a high

pressure turbine 82 (HPT), a low pressure turbine 83 (IPT),

a free power turbine 84 (LPT) and a core exhaust nozzle 85.

A nacelle 86 generally surrounds the core engine 77 and

defines the intake 78 and nozzle 85 and a core exhaust duct

87. The engine also comprises two contra-rotating

propellers 88, 89 attached to and driven by the free power

turbine 84, which comprises contra-rotating blade arrays

90, 91.

The gas turbine engine 75 works in a conventional

manner so that air entering the intake 78 is accelerated

and compressed by the IPC 79 and directed in to the HPC 80

where further compression takes place. The compressed air



exhaustives from the HPC 80 is directed in to the

combustion equipment 81 where it is mixed with fuel and the

mixture is combusted. The resultant hot combustion

products then expand through, and thereby drive, the high,

low-pressure and free power turbines 82, 83, 84 before

being exhausted through the nozzle 85 to provide some

propulsive thrust. The high, low-pressure and free power

turbines 82, 83, 84 respectively drive the high and

intermediate pressure compressors 80, 79 and the propellers

88, 89 by suitable inter-connecting shafts. Propellers 88,

89 normally provide the majority of propulsive thrust.

The engine of figure 13 incorporates a hydraulic

actuating arrangement comprising a pair of concentric

cylinders in accordance with the present invention. The

piston-rod 19 of a central hydraulic cylinder 11 extends

axially from a cylinder barrel arrangement 92, and carries

a plurality of radially extending connecting rods 93 at its

free end (only two connecting rods illustrated) . Each

connecting rod 93 is connected to the root of a respective

blade of the first propeller 88, in a manner generally

similar to that of the arrangement described above with

regard to figures 9 and 12. Similarly, the piston rod 19a

of an outer annular hydraulic cylinder 11a extends

outwardly from the cylinder barrel arrangement 92 and

carries a plurality of radially extending connecting rods

94 at its free end (only two connecting rods illustrated) .

Each connecting rod 94 is connected to the root of a

respective blade of the second propeller 89.

As will be understood, actuation of the first

hydraulic cylinder 11 thus serves to adjust the pitch of

each blade of the first propeller 88, whilst actuation of

the second hydraulic cylinder 11a serves to adjust the

pitch of each blade of the second propeller 89.



Figure 14 illustrates a similar propfan engine to that

illustrated in figure 13, but shows the hydraulic actuating

arrangement having been replaced with one of the type

illustrated in figure 5 . In this arrangement, the central

hydraulic cylinder 11 serves to adjust the pitch of the

second propeller 89, via its piston-rod 19 and a similar

arrangement of radial connecting rods 94 . The second,

annular, piston rod 19a exits the cylinder barrel housing

92 from the opposite end and serves to adjust the pitch of

the first propeller 88. As will be seen from figure 13,

because the pistons 19, 19a of the two hydraulic cylinders

11, 11a of this arrangement extend in opposite directions,

the cylinder barrel housing 92 can be more conveniently

located between the axial positions of the two propellers

88, 89, where there is more space available.

While the invention has been described in conjunction

with the exemplary embodiments described above, many

equivalent modifications and variations will be apparent to

those skilled in the art when given this disclosure.

Accordingly, the exemplary embodiments of the invention set

forth above are considered to be illustrative and not

limiting. Various changes to the described embodiments may

be made without departing from the spirit and scope of the

invention .



Claims :
1 . A hydraulic cylinder (11) comprising: a cylinder

barrel (12) within which a moveable piston (17) is

provided, the piston (17) being connected to a piston-rod

(19); wherein the barrel (12) is divided by the piston (17)

into a bottom chamber (21) and a piston-rod side chamber

(22), characterised by the barrel (12) being configured

such that one of said chambers (21, 22) lies substantially

concentrically within at least a region of the other

chamber (22, 21) .

2 . A hydraulic cylinder according to claim 1 , wherein the

bottom chamber (21) lies concentrically within at least a

region (24) of the piston-rod side chamber (22).

3 . A hydraulic cylinder according to claim 1 or claim 2 ,

wherein the barrel (12) is closed at one end by a cylinder

head (13) through which the piston-rod (19) extends, and is

closed at the other end by a cylinder bottom (14), each

said chamber (21, 22) being provided in fluid communication

with a respective port (25, 26), both of the ports being

provided through the cylinder bottom (14).

4 . A hydraulic cylinder according to claim 1 , wherein the

piston-rod side-chamber (22) lies concentrically within at

least a region of the bottom chamber (21) .

5 . A hydraulic cylinder according to claim 1 or claim 4 ,

wherein the barrel (12) is closed at one end by a cylinder

head (13) through which the piston-rod (19) extends, and is

closed at the other end by a cylinder bottom (14), each

said chamber (21, 22) being provided in fluid communication

with a respective port (25, 26), both of the ports being

provided through the cylinder head (13).

6 . A hydraulic cylinder according to any preceding claim,

wherein one of said chambers (21, 22) is substantially

cylindrical in form and lies substantially concentrically



within an annular region (24, 30) of the other chamber (22,

21) .

7 . A hydraulic cylinder according to claim 6 as dependant

upon either claim 3 or claim 4 , wherein the annular region

(24, 30) of the other chamber (22, 21) is configured so as

to have an inner profile which tapers towards the port (25,

26) of the chamber.

8 . A hydraulic arrangement comprising a first hydraulic

cylinder (11) in accordance with any one of claims 1 to 7

provided in combination with a second hydraulic cylinder

(lla), wherein the first (11) and second (Ha) cylinders

are arranged substantially concentrically.

9 . A hydraulic arrangement according to claim 8 , wherein

the second cylinder (32) is provided within an axial

throughbore (31) extending through the piston (17a) and the

piston-rod (19a) of the first cylinder (Ha).

10. A hydraulic arrangement according to claim 9 , wherein

the bottom chamber (21a) of the first hydraulic cylinder

(Ha) is substantially annular in form and is provided

around at least a region of the second hydraulic cylinder

(32) .

11. A hydraulic arrangement according to claim 8 , wherein

the first cylinder (H) is provided within an axial

throughbore (31) extending through the piston (17a) and the

piston-rod (19a) of the second cylinder (Ha).

12 . A hydraulic arrangement according to any one of claims

8 to 11, wherein the second cylinder (Ha) is also in

accordance with any one of claims 1 to 7 .

13. A hydraulic arrangement according to claim 11 or claim

12, wherein the bottom chamber (21a) of the second

hydraulic cylinder (Ha) is substantially annular in form

and is provided around at least a region of the first

hydraulic cylinder (Ha).



14 . A hydraulic arrangement according to any one of claims

8 to 13 comprising at least one additional hydraulic

cylinder (lib) such that all of the hydraulic cylinders

(11, 11a, lib) are substantially concentric with respect to

one another.

15. A hydraulic arrangement according to claim 14, wherein

the or at least one said additional cylinder (lib) is in

accordance with any one of claims 1 to 7 .

16. A hydraulic arrangement according to any one of claims

8 to 15, wherein the hydraulic cylinders (11, 11a, lib)

each have a barrel (12, 12a, 12b) of substantially equal

length, the barrels being substantially aligned with one

another .

17. A hydraulic arrangement according to any one of claims

8 to 16 configured to hydraulically actuate a variable

pitch turbine rotor.

18. A hydraulic arrangement according to claim 17, wherein

each hydraulic cylinder (11, lla) is arranged to control

the pitch of a respective rotor blade (40, 41) .

19. A hydraulic arrangement according to claim 17, wherein

each hydraulic cylinder (H, Ha) is arranged to

collectively control the pitch of the blades (71, 72) of a

respective rotor (69, 70) in a contra-rotating turbine

arrangement .

20. A wind or tidal turbine having a hydraulic arrangement

according to any one of claims 17 to 19.

21. A wind or tidal turbine having a hydraulic arrangement

according to claim 18, wherein the hydraulic arrangement is

configured to control the pitch of the blades (61,62,63)

during rotation of the rotor (60) such that the pitch of

each blade changes from a first predetermined pitch to a

second predetermined pitch as the blade passes a first

predetermined position (65), and subsequently returns to



said first pitch as the blade passes a second predetermined

position (66) .

22. A wind or tidal turbine according to claim 21, wherein

the turbine rotor (60) is supported for rotation about a

substantially horizontal axis by a support structure (58),

the arrangement being such that during rotation of the

rotor (60) each said blade (61,62,63) becomes overlapped

with the support (58) structure substantially at said first

predetermined position (65), and subsequently moves clear

of said support structure (58) substantially at said second

predetermined position (66).

23. A hydraulic arrangement according to any one of claims

8 to 16 configured to hydraulically actuate a variable

pitch propeller arrangement (88, 89).

24. A hydraulic arrangement according to claim 23, wherein

each hydraulic cylinder (11, lla) is arranged to control

the blade-pitch of a respective propeller (88, 89) in a

contra-rotating propeller arrangement.

25. A contra-rotating propfan engine (75) having a

hydraulic arrangement according to claim 24.

26. A method of controlling the pitch of a plurality of

blades (61,62,63) within a turbine rotor (60) or a

propeller, the method comprising the steps of providing

each blade with a respective pitch-actuator, and actuating

each said pitch-actuator independently of the or each other

pitch-actuator so as to adjust the pitch of the blades

(61,62,63) independently of one another.

27. A method according to claim 26 for controlling the

pitch of the blades (61,62,63) within a wind- or tidal-

turbine rotor.

28. A method according to claim 26 or claim 27, comprising

the step of actuating the pitch-actuator of each blade

(61,62,63) during rotation of the rotor (60) or propeller

such that the pitch of said blade (61) changes from a first



predetermined pitch to a second predetermined pitch as the

blade (61) passes a first predetermined position (65), and

the subsequent step of actuating the pitch-actuator of said

blade (61) such that its pitch returns to said first pitch

as the blade passes a second predetermined position (66) .

29. A method according to claim 28 as dependant upon claim

27, wherein the turbine rotor (60) is supported for

rotation about a substantially horizontal axis by a support

structure (58), and wherein each said blade (61,62,63)

becomes overlapped with the support structure (58)

substantially at said first predetermined position (65),

and subsequently moves clear of said support structure

substantially at said second predetermined position (66).

30. A method according to any one of claims 26 to 29

involving the use of a hydraulic arrangement according to

any one of claims 8 to 16, wherein each hydraulic cylinder

(11,11a) is used as a respective said pitch-actuator to

hydraulically control the pitch of a respective blade

(61, 62, 63) .

31. A hydraulic cylinder substantially as hereinbefore

described with reference to and as shown in figures 2 to 7

of the accompanying drawings.

32. A hydraulic arrangement substantially as hereinbefore

described with reference to and as shown in figures 4 , 5 ,

9 , 10 and 12 of the accompanying drawings.

33. A wind or tidal turbine substantially as hereinbefore

described with reference to and as shown in figures 8 to 12

of the accompanying drawings.

34 . A contra-rotating propf an engine substantially as

hereinbefore described with reference to and as shown in

figures 13 and 14 of the accompanying drawings.

35. A method of controlling the pitch of a plurality of

blades within a turbine rotor or propeller substantially as



hereinbefore described with reference to figure 11 of the

accompanying drawings .
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