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Adaptive hydraulic pressure generator

TECHNICAL FIELD
The present invention relates to an adaptive hydraulic pressure generator for
systems in which the mechanical force producing energy varies significantly,

especially for wave energy systems.

BACKGROUND

A reference herein to a matter which is given as prior art is not to be taken
as an admission that the matter was known or that the information it
contains was part of the common general knowledge as at the priority date

of any of the claims.

In wave energy systems, the primary mechanical power is often in the form
of reciprocating linear movement, which is converted into hydraulic pressure
by means of pistons in cylindrical chambers. The problem with the various
systems converting wave power into mechanical energy is that the power
generated by the wave power plants is irregular, regarding both the speed of
movement and force. This is due to both the hydrodynamics of the waves
themselves and the construction of the wave power plant used. Over a
longer time span, the power levels produced by the wave power plant also
vary in accordance with the intensity of the waves. Power generation is thus

varying by nature.

When converting the mechanical energy obtained from a wave power plant
into hydraulic energy, due to the variation in the power output of the wave
power plant, also the volume flow and pressure of the hydraulic system are
pulsating. If the hydraulic energy is to be converted into electrical energy by
means of turbines or hydrostatic motors, the pulsating pressure will cause
problems to the controlling of the system. Varying pressures weaken the

efficiency of the system, because high efficiency is only achieved within a
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small operating range close to the design point of the system. At the
extreme ends of the operating range, that is, during weak waves, the
production of electricity may remain non-existent, but during strong waves,
on the other hand, a part of the power may have to be led out of the
hydraulic system through a pressure relief valve. This means considerable

power losses.

In wave energy systems, the primary energy can also be used for making
fresh water (for example) by reverse osmosis, instead of producing
electricity. This is a very straightforward and integrated system solution,
because the hydraulic system takes care of both power and material (saline
water) transfer. In the said system, the reverse osmosis process itself
constitutes a considerable control-technical challenge, because getting water
through semipermeable membranes requires that the system pressure must
always exceed the osmotic pressure of the water. The said value depending
on the salinity of the water is thus a threshold pressure which must be
exceeded in order to be able to start the actual process. On the other hand,
excessively high pressures may also cause problems and thus the hydraulic
system of a reverse osmosis plant should include a possibility for pressure
regulation in order to be able to start the process also with low wave
intensities, and for its energy and material balance to be optimal with

nominal and greater wave intensities.

Due to the construction of wave power plants, the power they produce is
typically reciprocating linear movement. A natural and, therefore, common
actuator for producing pressure energy in wave energy concepts is a linear
pump (a single-cylinder piston pump), which resembles a hydraulic cylinder
in construction. Where the hydraulic cylinder is a linear motor which converts
hydraulic power into mechanical power, the operation of the hydraulic linear
pump is the opposite. Solutions resembling a hydraulic cylinder are reliable

and their efficiency is good if gasket frictions and leaks can be limited to a
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low level with appropriate gasket solutions. A single-cylinder piston pump is,
however, a component with non-existent adjustability; the pressure
produced follows linearly the power input to it and the volume flow follows

similarly the speed of movement of the piston.

It is desirable to provide a solution for applications in which mechanical
power is supplied to the system in the form of linear movement and is
converted into pressure energy according to the displacement principle, that
is, by changing the volume of the pressure chambers by means of movement
directed at the pressure generator. The pressure chambers comprise a
piston/displacement surface, that is, a fluid displacing surface, which
pressurises the fluid. The solution can also be implemented in a situation
where the mechanical power is supplied to the system in the form of a rotary
movement, in which case the pressure chambers described below would be
implemented with a torque motor construction. The solution makes it
possible to expand the useful wave intensity range of wave energy in such a
way that a pressure exceeding the threshold pressure is obtained even in
weak waves, and on the other hand, the energy of stronger waves can also

be optimally utilised.

SUMMARY OF THE INVENTION

To achieve the above-mentioned desirable features amongst others, the
present invention in one form provides an adaptive hydraulic pressure
generator comprising at least two fluid chambers for systems in which an
external mechanical driving force is variable and acts on piston rods or on a
body forming the fluid chambers and produces reciprocating motion between
piston surfaces or displacement surfaces attached to the piston rods and the
at least two fluid chambers, causing a fluid in the fluid chambers to be
displaced via a high pressure duct to a system duct connected with an
application or via a low pressure duct to a container, wherein the pressure

generator includes a control-valve-system-and-logic arranged to connect the
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fluid chambers to each other or to the high pressure duct or to the low
pressure duct such that an effective area of the piston surfaces or
displacement surfaces changes in accordance with the changes in the
mechanical driving force exerted on the piston surfaces or displacement
surfaces or the body forming the fluid chamber and such that the pressure
produced by the pressure generator in the fluid supplied to the system duct
exceeds a given threshold pressure as required by the application. The
threshold pressure may be variable, for example, the threshold pressure
required in an RO-system may conceivably be controlled on the basis of

salinity.

In another form of the invention there is provided a method for controlling
an adaptive hydraulic pressure generator in systems in which an external
mechanical driving force is variable and acts on piston rods or on a body
forming the fluid chambers and produces reciprocating motion between
piston surfaces or displacement surfaces attached to the piston rods and the
at least two fluid chambers, causing a fluid in the fluid chambers to be
displaced via a high pressure duct to a system duct connected with an
application or via a low pressure duct to a container, wherein in the method,
the pressure produced by the pressure generator in the system duct is
measured, wherein a measured pressure value is entered in a control logic of
a control-valve-system-and-logic connected to the pressure generator, and
performing a primary algorithm, wherein based on the primary algorithm, the
control logic connects the fluid chambers to each other or to the high
pressure duct or to the low pressure duct such that an effective area of the
piston surfaces or displacement surfaces changes and such that the pressure
produced by the pressure generator in the fluid supplied to the system duct

exceeds a given threshold pressure as required by the application.

The adaptive pressure generator according to the invention consists of a

multichamber medium (fluid) pressurising unit and of a control system
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connected to it which is comprised of a control valve system and a control
logic. The pressurising unit also functions in an unadaptive basic mode
without a control system. The system converts the mechanical operating
energy changing as a function of time into hydraulic or pneumatic energy in
pressure chambers via pistons and/or displacement surfaces. The operating
energy is supplied to the pressurising unit by means of mechanical driving
force F. The driving force F may be exerted on either the piston rod or, for
example, the cylindrical body under pressure, or both. In a solution
implemented according to the torque motor principle, the operating energy is
supplied by the driving moment T. Applications of the adaptive hydraulic
pressure generator according to the invention are, among others, supplying
seawater into a reverse osmosis system to produce fresh water or to

filter/purify sea water, pumping water to a specific lifting height, etc.

In another form of the invention there is provided an adaptive hydraulic
pressure generator comprising at least two fluid chambers for systems in
which an external driving force is variable wherein the pressure generator is
arranged to cause a fluid in the fluid chambers to be displaced via a high
pressure duct to a system duct connected with an application or via a low
pressure duct to a container wherein the pressure generator is implemented
as a hydraulic torque pressure generator comprising at least one fluid
chamber unit with two or more fluid chambers, the torque pressure
generator is being supplied a driving torque by a rotary motion; and wherein
the pressure generator includes a control-valve-system-and-logic arranged to
connect the fluid chambers to one another or to the high pressure duct or to
the low pressure duct such that an effective radian volume of the fluid
chambers changes in accordance with the changes in the driving force
producing a torque in the pressure generator such that the pressure
produced by the pressure generator in the fluid supplied via the high
pressure duct and system duct to the application exceeds a given threshold

pressure as required by the application.
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Where the terms “comprise”, “comprises”, “comprised” or “comprising” are
used in this specification (including the claims) they are to be interpreted as
specifying the presence of the stated features, integers, steps or
components, but not precluding the presence of one or more other features,

integers, steps or components, or group thereto.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention is described in greater detail in the following, with reference to

the accompanying drawings, in which:

Figure 1 shows a diagrammatic view in principle of an embodiment of

the adaptive pressure generator according to the invention,

Figures 2-4 show some diagrammatic examples of embodiments of the

control valve system,

Figures 5-6 show the effective areas of different connection states,

Figures 7-8 show examples of different connections,

Figure 9 shows a control example as a block diagram,

Figures 10-16 show an embodiment of the pressure generator according to

the invention implemented as a torque pressure generator.

DETAILED DESCRIPTION

The invention intends to provide a pressure generation system which adapts
to a varying driving force, wherein by means of pressure chamber connection
system and a control logic is obtained a desired threshold pressure. The

pressure is generated by the displacement principle; the volume of the
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chamber changes, whereupon the pressure of the pressure medium therein
changes. The adaptation of the system pressure takes place by connecting
the pressurised chambers of the device either to each other, to a low-
pressure duct, a pressure duct, a system duct or an external pressure duct
(Figure 1). The control system takes care of the connections. In this
application, connection means that a flow from one chamber to another is

made possible, for example, by opening the appropriate valve.

Figure 1 shows diagrammatically an example of an adaptive pressure
generator. On the left side is a four-chamber pressure generator 10
comprising pressure chambers 11, 12, pistons 13, 14 and piston rods 15-17,
to which the driving force F is supplied. The pressure chambers are typically
circular cylinders in cross-section, but they may also have a different cross-
sectional shape, for example, elliptic, triangular or square, the corners of
which are preferably rounded for sealing purposes. The pressure chambers
11, 12 are divided into an upper chamber space and a lower chamber space,
where reference marking Aly indicates the piston area acting on the upper
chamber space of pressure chamber 11, reference marking Ala indicates the
piston area acting on the lower chamber space of pressure chamber 11,
reference marking A2y indicates the piston area acting on the upper chamber
space of pressure chamber 12 and reference marking A2a indicates the
piston area acting on the lower chamber space of pressure chamber 12.

Reference numeral 31 indicates a pressure sensor placed inside a chamber.

On the right side is depicted a control system and control logic 18 by means
of which is connected the type of combination of the pressurised areas Aly-
A2a of the pistons (effective area) that the desired threshold pressure is
obtained. In Figure 1, reference numeral 19 indicates a pressure
accumulator, reference numeral 20 a check valve, reference numeral 21 a
pressure relief valve and reference numeral 24 a container. The pressure

duct is indicated by reference numeral 25, the system duct by reference
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numeral 26, the external pressure duct by reference numeral 27 and the low-

pressure duct by reference numeral 28. In Table 1 are shown the other

markings used in the description of the apparatus.

Table 1. Markings and symbols.

Aiy Pressurised piston area in chamber 11, upper part in Figure 1

A1z Pressurised piston area in chamber 11, lower part in Figure 1

Ay Pressurised piston area in chamber 12, upper part in Figure 1

Az, Pressurised piston area in chamber 12, lower part in Figure 1

At Effective area

F Force (driving force)

T Driving moment

n Value on cycle revolution counter (number of stabilisation
cycle)

N Number of stabilisation cycles

p Pressure

p_threshold | Threshold pressure

p_measured | Measured pressure

W Energy produced by pressure generator

W_measured | Measured energy
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Figures 2-4 depict, as diagrammatic views in principle, some examples of the
control valve system included in the control system 18 as embodiments
equipped with two and three cylinder chambers. The cylinder chambers are
preferably connected successively, as are the cylinder chambers 11 and 12 in
Figure 1, but they may also be separate cylinder chambers. Each cylinder
chamber is preferably divided into two chamber spaces in the same manner

as cylinder chamber 11 or 12 in Figure 1.

Figure 2 shows the first embodiment of the control valve system. The control

valve system may include, for example, the following functions:

Check valve function (free flow in one direction, closed in the other). The
check valve function 211 connected to the low-pressure duct 28 allows free
flow from the low-pressure duct to the cylinder chamber 201, 202. The check
valve function 212 connected to the pressure duct 25 allows free flow from
the cylinder chamber 201, 202 to the pressure duct. The flow duct can be
opened and closed externally between the cylinder chamber and the low-
pressure duct by means of valve function 213 and between the cylinder

. _.____ chamber and pressure-duct 25-by- means of valve function 214. The external

20

25

30

control may be, for example, manual, electric, electromagnetic, hydfaulic,
pneumatic or the like. Reference numeral 26 denotes a system duct by
means of which hydraulic pressure is supplied to application, for example, a

reverse osmosis plant.

Figure 3 shows a second embodiment of the control valve system. This alter-
native control valve system may comprise, for example, the following func-

tions:

Check valve function (free flow in one direction, closed in the other). The
check valve function 311 connected to the low-pressure duct 28 allows free
flow from the low-pressure duct to the cylinder chamber 301, 302, 303 and
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the check valve function 312 connected to the pressure duct 25 allows free
flow from the cylinder chamber 301, 302, 303 to the pressure duct 25. The
flow duct can be opened and closed externally between the cyl'inder chamber
and the low-pressure duct by means of valve function 313 and between the
5 different cylinder chambers by means of valve function 314. The external
control may be, for example, manual, electric, electromagnetic, hydraulic,

pneumatic or the like.

Figure 4 shows a third embodiment of the control valve system. This alterna-
10  tive control valve system may further comprise, for example, the following

functions:

Check valve function (free flow in one direction, closed in the other). The
check valve function 411 connected to the low-pressure duct 28 allows free
15 flow from the low-pressure duct 28 to the cylinder chamber 401, 402, 403.
The check valve function 412 connected to the pressure duct 25 allows free
flow from the cylinder chamber 401, 402, 403 to the pressure duct 25. The
flow duct can be opened and closed externally between the different cylin-

---—~—derchambers by means of valve function 413. The éxternal control may be,

20 for example, manual, electric, electromagnetic, hydraulic, pneumatic or the
like. In this version of the control system there may be limitations with re-
spect to achieving every possible connection state between the cylinder
chambers.

25 By means of the control system, the pressure chambers can be connected
either to the system duct, the external pressure duct, to other pressure
chambers or to a low-pressure duct. '

In the following is described an example of the connections of a four-
30 chamber pressure generator, when the chamber is connected either to a
pressure duct or low-pressure duct. In the example are described the states
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which can be realised when the effective areas A« corresponding to the
connections are arranged into a discrete distribution according to increasing
area. A state refers to a plurality of active valve connections and the effective
area Aerr corresponding to it. In this example, the pressure chambers are
connected either to the pressure duct (1) or to the low-pressure duct (0).

The value of an effective area is formed in such a way that the pressurised
piston area directed in the direction of movement, which reduces the volume
of the pressure chamber in the direction M1 of the relative movement be-
tween the pistons and the body, thus increasing pressure, is considered to
have a positive sign, and similarly, the pressurised piston area directed in the
direction of movement, which increases the volume of the pressure chamber
and thus lowers the pressure, is considered as a negative area: If pressurised

chambers are connected to one another, the said areas directed in the direc-

tion of movement are added up and the effective area of the combination is
obtained. If the effective area is positive, the system increases the pressure
in the direction of movement M1, and if the effective area is negative, the

system aims to decrease pressure in the direction of movement M1, but to

_increase pressure as the pistons-move-in- the-opposite direction with respect

to the body, that is, in the direction of movement M2. If a flow duct is

opened into the pressure duct, for example, by means of a valve, by means
of connection combinations with a positive effective area, pressure can be
generated and increased pressure when operating in the direction of move-

- ment M1, and by means of connection combinations with a négative effective

25

30

area, pressure can be generated and increased when operatingkin the direc-
tion of movement M2. Should the value of the effective area be zero, the
system will not generate pressure when operating in either direction.

Table 2 shows the connections of a four-chamber pressure generator and
Table 3 shows a numerical example in which the effective areas are arranged
by increasing area values. In the example, the areas are selected in such a
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way that they increase almost linearly with the states. With this almost linear
distribution, the change in effective area is almost the same when moving
from one state to another. If a different distribution is desired, it is possible
by selecting the pressurised areas (in the example Aly, Ala, A2y, A2a) dif-
ferently.

Figure 5 shows the effective areas correspond‘ing to the connections shown
in Table 2, and Figure 6 shows the discrete distribution of effective areas
after sorting by the size of the areas.

When the next state is selected in the control algorithm (see control of appa-
ratus below), proceeding to the next point takes place by discrete distribu-

tion.

Table 2. Connections of a four-chamber pressure generator.

Connection Aly Ala A2y A2a
0 0 0 0 0
1 1 0 0 0
2 1 1 0 0
3 1 0 i3 0
4 1 0 0 1
5 1 1 i 0
& 1 1 0 1
7 1 4] I 1
8 1 1 1 1
9 0 1 ] 0
10 0 1 1 4]
11 0 1 0 1
12 0 1 1 1
13 4] 1] 1 0
14 0 Q 1 1
15 0 0 0 1

1- Chamber connected to pressure linefduct
0 Chamber connected to low-pressure duct
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Table 3. Numerical example. Effective areas of a four-chamber pressure ge-

nerator.
Aly Ala A2y A2a
1,1 31 4,6 3,6 Aeff
0 0 0 0 0
5 1,1 0 0 0 1,1
1,1 -3,1 0 0" -2
1,1 0 4,6 0 5,7
1,1 0 0 -3,6 -2,5
1,1 -3,1 4,6 0 2,6
1,1 -31 0 -3,6 -5,6
1,1 0 4,6 -3,6 2,1
10 1,1 -31 4,6 -3,6 -1
0 -3,1 0 0 -3,1
0 -3,1 4,6 0 1,5
0 -3,1 0 -3,6 -6,7
0 31 | 46 -3,6 -21
0 0 4,6 0 46
0 0 4,6 36 |1
0 0 0 -3,6 -36
15 _ .
Table 4. States obtained by sorting the effective areas in Table 3 by order of
magnitude. ’ o
T - —om e St ate— e ffi:s:urt Connection|  —
20 0 -6,7 1
1 -5.6 )
2z -3.6 1s
3 -3,1 g
4 -2,5 B
5 -2,1 12
25 : 6 -2 iy
7 -1 A
8 0 0
9 13
10 1.1 i
11 1.5 IR
30 ' 12 2,1 7
13 2.6 5
14 4.6 i3
15 5,7 A
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Connection examples

Connection examples of the embodiment of Figure 1 are illustrated in Figure
7, which shows only the connections without active valves. In Figure 7, ex-

5 ample (a), the topmost chamber generates pressure (area Aly), Table 2
connection 1 and Table 4 state 10. In example (b), the chambers above both
pistons generate pressure (Aly and A2y, State 15). In example (c), the three
topmost chambers are connected to the pressure duct (State 13). In exam-
ple (d), all chambers are connected to the pressure duct and the direction of

10 movement M2 is down (State 7). In Figure 7d, the direction of movement of
the piston rod is down M2, whereas in the other partial pictures it is up M1.
This is due to the fact that the effective area of the state of Figure 7d (State
7, Table 4) is negative, which means that the pressure (compared to the
pressure of the low-pressure duct) can only be increased by a downward

15 movement of the piston rod. The upward movement decreases the pressure
of the chambers (and may result in the vaporisation of the liquid in a system
filled with liquid). Figure 8 shows the valves which are ac_:tive in the connec-
tions of Figure 7c¢, in a case where the pressure duct is connected to a re-

e —verse-osmosis-system-(RO=reverse osmosis), T T -

20
Control of the apparatus

Detailed control of the apparatus can be carried out in different ways de-
pending on the instrumentation used. Below are described two examples,
25 one of which is based on the pressure measurement of the pressuré duct
alone, and the other is based on measuring the speed of movement and
chamber pressures, in addition to measuring the pressure of the pressure
duct. Irkespective of the instrumentation, the basic idea in control is that if
the driving force F decreases, the effective area Aer is reduced so that the
30 pressure produced by the pressure generator will exceed the threshold pres-
sure. Similarly, if the driving force increases, the effective areé Aeff is in-
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creased so that the pressure generated will still exceed the threshold pres-
sure. This threshold pressure m'ay be, for example, the osmotic pressure re-
quired by the reverse osmosis apparatus used for producing fresh water. The
primary aim of control is thus that the system will be able to exceed the

- given threshold pressure. This is ensured by the primary control algorithm.

Secondary aims are achieved by using an adaptation algorithm, by means of
which can be ensured, for example, that the energy balance of the system is

optimal.
Control example 1

Main function:
e The pressure p of the pressure duct is compared with the threshold
pressure p_threshold required by the system.
 If p < p_threshold, the effective area is decreased by selecting the -
previous ‘smaller’ state of state distribution.
e If p > p_threshold, the effective area is increased by selecting the
next larger’ state of state distribution according to the adaptation al-

gorithm explained below.

Most important stages:

i. Control, the control values are set in the memories (e.g. state mem-
ory, movement direction memories, delay basis memory, delay value
memory and decrement, see Figure 9)

~a. Initialisation: initial values are set as control values
<b. Free cycle: as control values is set a state making a free cycle
possible

2. Identification of the direction of movement with a MOVEMENT DIREC-
TION DETECTOR

3. Identification of a change in the direction of movement and the cycle
counter is reduced, if the basis for the delay is based on the cycle
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4. Connecting the state
a.The first time
i. e.g. the smallest (movement direction dependent) state
(smallest |Aeff|, with the correct movement direction
dependent sign)
ii. or a selected initial state (movement direction depend-
ent)
b.On the following times, the state (movement direction depend-
| ent) calculated during the cycle
5. Measurement of the pressures generated by the system from the
pressure duct (i.e. whether the threshold pressure is exceeded)
6. Comparison of the system pressure obtained (in cycle n) with the -
threshold pressure value of the pressure '
a. if p_measured(n) > p_threshold
An ADAPTATION ALGORITHM is used, the outcomes of
which are:
i. the state is maintained (n+1)
ii. the effective area is increased (the next time, that is,
n+1)
b. p_measured < p_threshold -> the effective area is decreased
- (the next time, that is, n+1)

0 f already the smallest effective area - all chambers are
connected to the low-pressure duct (State 8, Table |
4/Connection 0, Table 2), or |

iil. the smallest state is allowed to exist and the energy is
stored or used for an auxiliary or secondary function (re-
covery or conversion of energy by means of a turbine or
hydraulic motor into another form; auxiliary functions
are e.g. flushing)

7. Return to point 2
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The generation of overpressure (and overpower) is prevented with a
pressure relief valve

Should the active control system not function, the system will still be
able to generate pressure and volume flow without external control

with the check valve connections alone.

MOVEMENT DIRECTION DETECTOR

For example:

The chamber pressures of a small additional cylinder are measured, or
o An additional cylinder may be fixed to the pressure generator in

such a way that one of the piston rods of the pressure generator
drives the piston of the additional cylinder; the additional
cylinder does not have to participate in the actual pressure
generation, but the aim is to generate a movement direction
dependent pressure difference past the piston; the pressure
energy of the additional cylinder can be used for the auxiliary
functions of the wave power plant, such as for backwashing
filters, etc.

The sign of the displacement sensor or speed sensor signal is

identified, or

A power sensor 32 is connected to the piston rod (compression/pull is

detected)

From the piston rod or a sensor piece fixed to it are measured strains

(pull/compression), or

A logic based on (mechanic and electric) limit switches.

ADAPTATION ALGORITHM

This is used when the threshold pressure is exceeded; the effective
area Aeff is increased only after a delay to avoid possible back and
forth changing of states in certain cases. The solution is relevant in

cases where the changing of states is based only on measuring the
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pressure of the pressure duct (the case of preferable instrumenta-
tion). | |

e Delay, stabilisation period (how often tested whether current state is
the best)

o Time-based: the state is not changed until after the delay time
has lapsed

o Cycle-based: every Nth cycle (the state is changed, for example,
only after the tenth cycle)

e Is there any delay value (number of cycles or delay time) left, that is,
is the delay value > 0 | ..

o If yes, the state is left unchanged (the effective area is not in-
creased) and a return is made to the beginning of the main al-
gorithm |

o If no, the effective area is increased and the state memory is
updated and a return is made to beginning of the main algo-
rithm

o When using time-based stabilisation, the delay value (delay
time) is updated before the beginning of a new cycle and when
using cycle-based stabilisation, the delay value "(numbér of de-
lay cycles) is updated in connection with the changes of the di-
rection of movement '

o When using time-based stabilisation, the decrement is, for ex-
ample, the periodic time of the coupling loop or its multiple

o Whén using cycle-based stabilisation, the decrement is, for ex-
ample, one cycle '

e Return to point 2 in the main algorithm (in Control example 1)

The block diagram of Control example 1 is shown in Figure 9.
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Control example 2

1. The direction of movement is identified with a MOVEMENT DIRECTON
DETECTOR, which may be, for example
a. electric
5 i. a position sensor
ii. a speed sensor
iii. an acceleration sensor
b. magnetic
¢. hydraulic
10 d. mechanic
| e. or the like
2. The state is connected
a. The first time
‘i. e.g. the smallest effective (movement direction depend-
15 - ent) state
ii. or an original default state (movement direction depend-
ent)
b. On the following times, a state calculated by cycle (movement
direction dependent)
20 3. Measurement of
a. the pressures generated by the system
i. from the pressure duct (that is, “is the threshold pres-
sure exceeded”)
b. Measurement of other quantities
25 i. chamber pressures, force (can be estimated from cham-
ber pressures), speed of movement, etc.
ii. power and energy produced are calculated
iii. transferred to (movement direction specific) memory
4. The system pressure obtained (n) is compared with the threshold
30 pressure value of the pressure
a. if p_measured(n) > p_threshold



WO 2013/140042 PCT/FI12013/050315

10

15

20

25

30

18

i. the state is maintained (n+1) or (depends on an ADAP-
TATION ALGORITHM) | |

ii. the effective area is increased (the next time, that is,
n+1)

b. p_measured < p_threshold -> the effective area is décreased
(the next time, that is, n+1)

i. if already the smallest effective area - all chambers are
connected to the low-pressure duct, or

ii. the smallest area is allowed to exist and th_e energy is
used for an auxiliary/secondary function (energy, flush-
ing, etc.) o '

c. The energy/work (W_measured) produced is compared with the
previous (movement direction specific) value (in the memory,
n-1)

d. if p_measured(n) > p_threshold

i. and W_measured(n) > W_measured(n-1) -> the state is
allowed to exist (n+1)

ii. and W_measured(n) < W_measured(n-1) -> the previ-
ous state is connected (n+1)

e. if p_measured(n) > p_threshold

i. a smaller state is connected (n+1)
5. Return to point 1 '

- The generation of overpressure (and overpower) is prevented with a
pressure relief valve ' |

- Should the active control system not function, the system will still be
able to generate pressure and volume flow without external control
with the check valve connections alone.
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ADAPTATION ALGORITHM
¢ In the beginning is determined the delay, cycle time, periodic time
(how often tested whether current state is the best)
o The delay time counter is updated with a time increment (or
time decrement, if a subtractive counter is used) delta_t or
o The delay cycle counter is updated; change of state every Nth
semicycle (tested e.g. on every tenth semicycle whether the
change of state can be carried out)
e The current state is read from the memory
e The effective area is increased (Aesr)
o if the area is already at maximum, the said state is maintained

e Return to point 1 in the main algorithm (In Control example 2)

The operation of the torque pressure generator is described in greater detail
in the following, with reference to Figures 10-16 of the drawings.

In a torque pressure generator solution based on a torque motor, the me-

chanical torque T is converted into hydraulic pressure, for example, in such a

Way that the rotary motion of the torsion shaft is directed at a wing in a cy-

lindrical chamber which, when moving, aims to displace liquid (fluid) which is
pressurised when the flow of liquid out of the chamber is restricted/regulated
(for example, by means of valves, throttling or by guiding the flow to reverse
osmosis membranes, the penetration of which requires éxceeding a certain

threshold pressure).

- Figures 10-16 show a construction example of a torque pressure generator

30

1000 as diagrammatic views in principle. The torque pressure generator
1000 is comprised of two different cylinder units 1001 and 1002, which have
different diameters D1 and D2, respectively, and different lengths L1 and L2,
respectively. The construction comprises a torsion shaft 1003, 1004 extend-
ing through the cylinder units 1001, 1002, the torsion shaft having a diame-
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ter d1 in cylinder unit 1001 and d2 in cylinder unit 1002, respectively. On the
part 1003 of the torsion shaft in cylinder unit 1001 are arranged two wings
1005 and two limiters 1006, and on the part 1004 of the torsion shaft in cyl-
inder unit 1002 are arranged two wings 1007 and two limiters 1008, respec-
tively. The wings and the limiters form four chamber spaces A1, A2, B1, B2,
C1, C2, D1 and D2 in each cylinder unit. In the drawings, the limiters are
shown separated by a profile line from the rest of the cylinder construction,
but they are preferably made as an integrated whole with the rest of the cyl-
inder construction. Similarly, the asymmetric torsion shaft 1003, 1004 shown
in Figures 15 and 16 is shown with an added enlargement separated by a
profile line, but an integrated torsion shaft construction is preferably in ques-

tion.

There may be more wings and chambers than the above-mentioned two and
four, for example, four wings, four limiters and eight pressure chambers. At
a minimum, the solution may have one wing, one limiter and two chambers

in a single cylinder unit.

- Figure 11 shows sections A-A and C-C of Figure 10 and the valve connections

when the rotary motion of the torsion shaft 1003, 1004 is anti-clockwise. In
the situation in Figure 11, chambers Al, A2, C1 and C2 are pressurised and
liquid flows into chambers B1, B2, D1 and D2 from the low-pressure duct 28.

Figure 12 shows sections B-B and D-D of Figure 10 and the valve connec-
tions when the rotary motion of the torsion shaft is clockwise. In the situa-
tion in Figure 12, chambers B1, B2, D1 and D2 are pressurised and liquid
flows into chambers A1, A2, C1 and C2 from the low-pressure duct 28.

Figures 13 and 14 show the operation when the chambers A1 and A2 and B1
and B2 on the opposite side of the torsion shaft 1003, 1004 in cylinder unit
1001 and the chambers C1 and C2 and D1 and D2 in cylinder unit 1002 are
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combined, whereby the same pressure prevails in the combined chambers.
In Figure 13, the torsion shaft turns anti-clockwise and in Figure 14 clock-

wise.

Figures 15 and 16 show an example which uses an asymmetric torsion shaft
1003, 1004, in which case chambers of different sizes can be connected to
one another. In Figure 15, the torsion shaft turns anti-clockwise and in Fig-

ure 16 clockwise.

The radian volume of the torque pressure generator (that is, the volume
which a wing would displace when rotating by a radian) determines the de-
pendency of the driving moment exerted on the wing and the pressure. In a

simple cylindrical torque pressure generator, the radian volume depends on

~ the width of the wing (in the axial direction), on the distance of the tip and

base of the wing from the centreline of the shaft and on the number of

wings.

The effective displacement volume of the torque pressure generator (which
compares with the effective areas of a linear pressure generator) is deter-
mined on the basis of how the pressure chambers of the torque pressure
generator are connected to each other. This functions according to a similar
principle as in a linear pressure generator. When connecting a pressure
chamber volume increasing due to the rotary motion to a decreasing pres-
sure chamber volume, the effective radian volume decreases from what it
would be with the decreasing pressure chamber volume alone. The effective
radian volume is obtained by subtracting the radian volume of the increasing
pressure chamber volume from the radian volume of the decreasing pressure
chamber volume. Similarly, when combining two or more pressure chambers
decreasing due to the rotary motion, the effective radian volume is the sum

of these radian volumes.
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The Claims defining the invention are as follows:

1. An adaptive hydraulic pressure generator comprising at least two
fluid chambers for systems in which an external mechanical driving force is
variable and acts on piston rods or on a body forming the fluid chambers and
produces reciprocating motion between piston surfaces or displacement
surfaces attached to the piston rods and the at least two fluid chambers,
causing a fluid in the fluid chambers to be displaced via a high pressure duct
to a system duct connected with an application or via a low pressure duct to
a container, wherein the pressure generator includes a control-valve-system-
and-logic arranged to connect the fluid chambers to each other or to the
high pressure duct or to the low pressure duct such that an effective area of
the piston surfaces or displacement surfaces changes in accordance with the
changes in the mechanical driving force exerted on the piston surfaces or
displacement surfaces or the body forming the fluid chamber and such that
the pressure produced by the pressure generator in the fluid supplied to the

system duct exceeds a given threshold pressure as required by the

application.
2. A pressure generator according to claim 1, for wave energy systems.
3. A pressure generator as claimed in claim 1 or 2, wherein the control

system comprises a control valve system equipped with a control logic and a
pressure sensor for measuring the pressure produced by the pressure
generator in the system duct, on the basis of the measurement result given
by the pressure sensor, the control logic performs a primary algorithm and
on the basis thereof connects the fluid chambers to the high pressure duct or
the low pressure duct such that the effective area of the piston surfaces or
displacement surfaces changes and such that the pressure produced by the
pressure generator in the fluid supplied to the system duct exceeds the given

threshold pressure.
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4, A pressure generator as claimed in any one of claims 1 to 3, wherein
on the body or piston surface or displacement surface or piston rod is
arranged a pressure sensor for measuring the pressure in each fluid

chamber.

5. A pressure generator as claimed in any one of claims 1 to 4, wherein
on the piston rod connected to the piston surface or on the body forming the

fluid chamber is provided a power sensor or an acceleration sensor.

6. A reverse osmosis system or system for pumping fluid to a certain

height comprising the pressure generator of any one of claims 1 to 5.

7. A method for controlling an adaptive hydraulic pressure generator in
systems in which an external mechanical driving force is variable and acts on
piston rods or on a body forming the fluid chambers and produces
reciprocating motion between piston surfaces or displacement surfaces
attached to the piston rods and the at least two fluid chambers, causing a
fluid in the fluid chambers to be displaced via a high pressure duct to a
system duct connected with an application or via a low pressure duct to a
container, wherein in the method, the pressure produced by the pressure
generator in the system duct is measured, wherein a measured pressure
value is entered in a control logic of a control-valve-system-and-logic
connected to the pressure generator, and performing a primary algorithm,
wherein based on the primary algorithm, the control logic connects the fluid
chambers to each other or to the high pressure duct or to the low pressure
duct such that an effective area of the piston surfaces or displacement
surfaces changes and such that the pressure produced by the pressure
generator in the fluid supplied to the system duct exceeds a given threshold

pressure as required by the application.
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8. A method as claimed in claim 7, for wave energy systems.

9. A method as claimed in claim 7 or 8, wherein when said pressure
value exceeds the threshold pressure, the control logic also performs an

adaptation algorithm.

10. A method as claimed in any one of claims 7 to 9, wherein the
direction of movement or speed of movement of the piston surfaces or

displacement surfaces or the pressure in each fluid chamber is measured.

11. A method as claimed in any one of the claims 7 to 10, wherein the
driving force exerted on the piston rods or on the body forming the fluid

chamber is measured.

12. A method as claimed in any one of claims 7 to 11, wherein in the
method, when the pressure produced by the pressure generator is lower
than the threshold pressure and the effective area of the piston surfaces is at
a minimum value, all chambers are connected to a low-pressure duct

directed to a secondary application or storage.

13. An adaptive hydraulic pressure generator comprising at least two
fluid chambers for systems in which an external driving force is variable
wherein the pressure generator is arranged to cause a fluid in the fluid
chambers to be displaced via a high pressure duct to a system duct
connected with an application or via a low pressure duct to a container
wherein the pressure generator is implemented as a hydraulic torque
pressure generator comprising at least one fluid chamber unit with two or
more fluid chambers, the torque pressure generator being supplied a driving
torque by a rotary motion; and wherein the pressure generator includes a

control-valve-system-and-logic arranged to connect the fluid chambers to
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one another or to the high pressure duct or to the low pressure duct such
that an effective radian volume of the fluid chambers changes in accordance
with the changes in the driving force producing a torque in the pressure
generator such that the pressure produced by the pressure generator in the
fluid supplied via the high pressure duct and system duct to the application

exceeds a given threshold pressure as required by the application.

14. An adaptive hydraulic pressure generator according to claim 13, for

wave energy systems.
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