wo 2016/200272 A1 [ I NPF 00 0000 Y R 0 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/200272 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

15 December 2016 (15.12.2016) WIPO | PCT
International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
F15B 21/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
. . L. AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/NOZ2016/050119 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
International Fi]ing Date: HN, HR, HU, ID, IL, H\I, IR, IS, JP, KE, KG, KN, KP, KR,
8 June 2016 (08.06.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Priority Data: . L
15171831.9 12 June 2015 (12062015) EP (84) De51gnated States (unless otherwise zndlcated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
Applicant: NATIONAL OILWELL VARCO NOR- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
WAY AS [NO/NOYJ; Postboks 401 Lundsiden, 4604 Kristi- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
ansand S (NO). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Inventors: HANSEN, Michael Rygaard; Torvasen 11, DK, EE, ES, F1, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
4886 Grimstad (NO). SORENSEN, Jesper Kirk; Lillerore LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
16. 4876 Grimstad (NO) ’ ’ SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

’ ’ GW,KM, ML, MR, NE, SN, TD, TG).
Agent: HAMS® PATENTBYRA ANS; P.O. Box 171, .
Published:

SANDNES 4302 (NO).

with international search report (Art. 21(3))

(54) Title: IMPROVEMENTS IN THE CONTROL OF HYDRAULIC ACTUATORS

103h—
103b—T

108\

103
/\/

101

120
LS
s

——>[7p] Hs X?TI H o
= f T TN T
uMain 1pgp 7+ BT 109a P Q ,,,,,,,,,
109¢— o e
o W
! 110b | 140~ ppijot] *, —130
123
105 B aE
113 122 uProp
104 106 121
FIG. 3

(57) Abstract: Methods of controlling an actuator 103 during operation using a hydraulic circuit, and related apparatus, are de-
scribed. The circuit can comprise a first path section along which fluid is supplied to a first chamber 103a of the actuator using a first
valve 110 and a second path section along which fluid is extracted from a second chamber 103b of the actuator using a second valve
111. In various embodiments, pressure data associated with a pressure of the fluid supplied to the first side of the actuator are ob -
tained, a pilot pressure pPilot is produced based on the data and the first and second valves are configured based on the pilot pres-
surepPilot.
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IMPROVEMENTS IN THE CONTROL OF HYDRAULIC ACTUATORS

The present invention relates in particular to the operation and control of hydraulic

actuators.

Background

Hydraulic actuators are used in a wide range of industrial applications for handling
ioads. Examples include uses for example in large-scale industrial apparatus for lifting
and manipuiating heavy equipment, such as cranes, elevators, manipulator arms or
the like. Such apparatus are typically supplied with power fluid for driving the actua-
tors through a hydraulic circuit. The circuit may include components such as valves or
the like which are configured in response to a sensed ioad on the actuator to operate
and control the actuator appropriately. Components in such circuiis may operate un-
der data control for example electrically by supplying electrical control signals to the
components and/or under fluid control by supplying a control fluid to the components,
but at the same time it is typically of interest that such control arrangements avoid
unnecessary complexity. In large-scale equipment, power requirements for the actua-
tors may be substantial and as such prevailing thinking has been to keep both the
power supply and control circuitry straightforward and reliable, for reducing potential
failures in the hydraulic circuitry or actuator where such an eventuality could be safety
concern and be costly to rectify. In harsh environments, such as on marine platforms
or vessels, for example in the oil and gas exploration and production industry, provi-
sion of simple, reliable and safe systems for delivering hydraulic operability of this
kind has been paramount. Downtime due to failures in equipment in this industry can

also be very costly.

In Figure 1, there is shown a prior art hydraulic circuit 2 used for providing an actuator
3 with hydraulic power for operating the actuator 3. The actuator 3 has a piston 3p
which is movable within a piston housing 3h back or forth as indicated by the arrow 3¢

by the application of pressure by hydraulic power fluid against the piston 3p on a first
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side 3a (moving the piston toward the second side 3b) or against the piston on a sec-

ond side 3b (moving the piston toward the first side 3a).

The hydraulic power fluid is supplied from a tank 4 with the assistance of a pump 5,
and is guided through the circuit 2 to the first or second sides 3a, 3b of the actuator 3
as appropriate. Power fluid is supplied into a chamber in the piston housing 3h on one
of the sides 3a, 3b, causing movement of the piston 3p toward the other side, whilst
power fluid is expelled from the chamber in the piston housing 3h on the other of the

sides 3a, 3b and is guided back through the circuit to a drain 6 along a drain line 13.

The power fluid is guided into the actuator via line 8 or line 7. To facilitate this, the
circuit 1 has load-sensing directional control valve 9. The configuration of the direc-
tional control valve 9 determines the route for the hydraulic power fluid from the
pump 5 to the actuator 3. In Figure 1, the Ioad-sensing directional control valve S is
shown in a neutral position, in which no movement of the piston 3p is taking place.
However, it will be appreciated that upon activating the directional control valve 9
(toward the left hand side as viewed in the figure such that the block 9a is active),
power fluid is directed from the pump 5 into the line 7 and into the first side 3a of the
actuator 3, urging the piston toward the second side 3b. Returning power fluid is then

extracted from the second side 3b of the actuator via the line 8 to the drain line 13.

The load exerted on the actuator 3 may vary, and in view of this, the circuit 2 includes
certain control measures. Firstly, the circuit 2 is provided with a pressure compensat-
ing valve 10. The pressure compensating valve 10 is configured to adjust the flow of
power fluid from the pump 5 so that a suitable pressure is applied so that the piston
3b is moved at a particular speed. Secondly, the circuit 2 is provided with a counter-
balance valve 11. The counterbalance valve 11 is configured to adjust the flow of re-
turning power fluid from the actuator 3 to control the pressure on the second side 3b
of the actuator 3 against which the piston 3p needs to act. This is intended to help to
control the speed and stop the piston 3p running away in the event of load compo-
nents which may be exerted in the same direction as the piston movement, In this
way, the circuit 2 using the counterbalance valve 11 and the pressure compensating
valve 10 provides a way for the speed of the actuator 3 to be independent of the load

and for overrunning loads to be handled.

Nevertheless, the circuit 2 can experience practical difficulties in that instabilities can

appear over time leading to a loss of control of movement of the piston 3p, e.g. in the
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event of overrunning loads, which in turn may cause cavitation damage in the meter-
ing-in line 7 {or line 8 which is the metering-in line when moving in the other direc-
tion) and/or damage to the piston 3p and/or the piston housing 3h. It is alsc typically
desirable to ensure that the movement of the actuator 3, e.g. speed of piston 3b, is
unchanged over a range of different loads, in order to handle loads safely and predict-
ably. This issue can be further understood by further considering the operation of the

counterbalance valve 11 and the pressure compensation valve 10 in Figure 1.

The counterbalance valve 11 is controlied using control lines 11a, 11b which supply
controf fluid to the valve 11 for configuring the valve, e.g. positioning a valve spool so
as to restrict or permit fluid flow through the valve by an amount determined by the
control fluid in the control lines 11a, 11b. The control line 11a is connected to the line
7 supplying fluid to the first side 3a of the actuator 3, and the control line 11b is con-
nected to the line 8 from the second side 3b of the actuator. In this way, the valve 11
can sense the pressure in the power fluid being supplied to the first side 3a in line 7
and the pressure in the returning power fluid from the second side 3b of the actuator
in line 8, and is configured according to the difference in pressure between the first
and second sides 3a, 3b of the actuator 3. In the event that the actuator 3 experienc-
es an overrunning load, for example, an effect is produced on the pressures in the
power fluid on the first and second sides 3a, 3b of the actuator, and the valve re-
sponds accordingly through the control lines 11a, 11b to configure the valve to limit
the flow out of the second side 3b actuator to resist the load, to restore the pressure

differential.

The pressure compensating valve 10 is controlled using control lines 10a, 10b which
supply controf fiuid to the valve 10 for configuring the valve, e.g. by positioning a
vaive spool so as to restrict or permit fluid flow from the pump 5 through the valve by
an amount determined by the control pressure in the control lines 10a, 10b. As can
be seen, the control line 10a is connected to an outlet side of the load-sensing direc-
tional control valve 9, which when block 9a is active (for moving the actuator piston
3p toward the sacond side 3b), senses the pressure in the power fluid being supplied
into the first side of the piston via line 7. The control line 10b is connected to the inlet
side of the load-sensing directional control valve 9 which senses the pressure of the
power fluid being supplied into the directional control valve 9 through supply line 12,
The valve therefore adjusts to compensate for any pressure drop in the power fluid
across the load-sensing directional control valve 9. The pressure compensating valve

10 is further configured to allow an increased or decreased flow into the first side of
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the actuator 3a to facilitate the same speed of movement of the piston 3p for different
joads. In the event of a change in load, e.g. an overrunning load, pressure effects in
the first side 3a of the actuator 3¢ can lead to the valve 10 increasing or decreasing
the pressure in line 12 to maintain the same pressure drop in the fluid flowing through
the directional control valve @ from line 12 to line 7 via block Sa, thereby counteract-

ing the influence of the pressure effect on the speed of the actuator 3.

The actuator 3, in particular the speed and movement of the piston 3p when handling
loads, is therefore controlled by way of counterbalance vaive 11 and the pressure
compensating valve 10 acting and cooperating together. However, valve responses to
the load conditions can be imperfect in terms of timings, such that short duration, high
frequency pressure perturbations may occur in the power fluid in the metering-in line
7 to the first side 3a of the actuator 3a. Such instabilities may amplify over time, and
jeopardise the performance of the actuator 3 in handling loads and adversely affect
safety. In particular, the actuator 3 may become susceptible to sudden movements

and damage as described above in the event of overrunning loads.

Various sclutions have been proposed to deal with this instability issue where addi-
tional valves or modifications to the counterbalance valve 11 and/or pressure compen-
sation valve 10 are made but where to their detriment they give up much of the func-
tionality to ensure that the speed of movement of the piston 3p is independent of the

load, whilst the effects of overrunning loads are counteracted.

It will be noted that Figure 1 shows the features of the hydraulic circuit 2 to be used
for movement of the piston 3p toward the second side 3b of the actuator 3. However,
the actuator 3 in the example is two-way movable, and as such, the arrangement of
the counter balance valve 11 acting on the returning power fluid would in practice also
be mirrored on the other side of the actuator 3 for when the piston 3p moves in the
opposite direction toward the first side 3a (and the directional control valve is switched
with a second block 3b active), although this is not shown in Figure 1 for purposes of
clarity, In Figure 2, the apparatus of Figure 1 is shown including this mirrored ar-
rangement including a second counterbalance valve 117, operating under control from
control lines 11a" and 11b’, and a second check valve 14’. The valves 11’ and 14’ are
active to control the overrunning load when the piston 3p is moving toward the first

side 3a.
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In addition, it can be noted that Figure 1 shows the neutral configuration of the circuit
2 in which the piston 3p is in a stationary position, where a third block 3c of the load
sensing directional control valve 9 is being applied. In this configuration, flow from
the pump 5 into the actuator 3 is disconnected and the first side 3a of the actuator 3
is depressurized. The pressure in the second side 3b of the actuator 3 adjusts to main-
tain the equilibrium with external load on the piston 3p. The check valve 14 and the

counter balance valve 11 remain closed.

Summaty.of the dnvention

In light of the above, according to a first aspect of the Invention, there is provided a
method of controlling an actuator during operation of a hydraulic circuit, the circuit
comprising a first path section along which fluid is supplied to a first chamber of the
actuator using a first valve, and a second path section along which fluid is extracted
from a second chamber of the actuator using a second valve, the method comprising
the steps of:

(&) obtaining pressure data associated with a pressure of the fluid supplied
to the first side of the actuator;

(b) producing a pilot pressure pPilot based on the data; and

(<) configuring either or both of the first and second valves using the pilot

pressure pPilot.

The pressure data may typically comprise a signal of the pressure in the fluid supplied
to the first chamber.

The actuator typically comprises a moving component, movable in dependence upon
the pressure of the fluid in said first and/or second chambers, e.g. according to a
pressure differential therebetween. The moving component may be for example a

piston arm), shaft or rod or the like,

The obtained pressure data may be first pressure data, and the method may further
comprise processing the first pressure data to produce second pressure data, wherein
the pilot pressure is produced based upon the second pressure data. At least one
component from the first pressure data may be preserved in the produced second

pressure data.
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The obtained pressure data may be first pressure data, and the method may further
comprise processing the first pressure data to determine at least one set pressure

pSet for determining the pilot pressure.

The step of processing the first pressure data to obtain the second pressure data may
comprise filtering the first pressure data. Thus, the first pressure data may be pro-
cessed to remove at least one frequency component. Accordingly, the step of pro-
cessing the first pressure data to obtain the second pressure data may be performed
to remove high frequency components. The second pressure data, e.g. time-series
data, may thus be based on the first data, without the removed high-frequency com-
ponent or components. The second pressure data obtained may therefore typically

not contain the removed component or components,

The step of filtering may be performed to remove one or more high-frequency compo-
nents may be removed. The step of filtering may comprise applying a low-pass filter

to the first pressure data.

The pilot pressure pPilot may typically be produced using a third valve operable to
configure a valve control path. In this way, the third valve may be operable for ad-
justing a pressure in a control fluid in the valve control path, e.g. within a control fluid

circuit.

The method may further comprise generating a control signal uProp based on the sec-
ond pressure data. The method may include passing the control signal uProp to a
third valve to produce the pilot pressure pPilot for configuring either or both of the
first and second valves. The third valve may be a pressure relief valve operable to
cenfigure a valve control path for adjusting a pressure in a control fluid in the path.
The third valve may be a pressure reducing valve operable for configuring a valve con-

trol path for adjusting a pressure in a control fluid in the valve control path.

The method may further comprise measuring the produced pilot pressure pFilot, com-
paring the measured pilot pressure pPifot with the second pressure data, and updating

the control signal uProp in dependence upon the comparison.

The first valve may preferably comprise a pressure compensating valve. The pressure
compensating may typically be operable for adjusting a pressure of the fluid in the
first path section, and/or the first chamber. In doing so, the pressure compensating
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valve may be operable to configure an inlet pathway for supplying fluid into an inlet of

a load-sensing directional control valve.

The second valve may preferably be a counterbalance valve. The counterbalance
valve may typically be operable for resisting undesired movement of the actuator,

The counterbalance valve may be operable to configure the second path section.

The first and second valves may preferably be configured to be operable to maintain
an actuator speed that is independent of external disturbances on the actuator. The
first and second valves may cooperate to protect the actuator from being affected by
external force components or changes in such force components during movement.
Such force components may result from a load such as an overrunning load, or chang-
es in such a load, on the actuator or the moving component thereof,

The first path section may comprise a metering-in line.

The pressure data associated with the pressure in the fluid supplied to the first side of
the actuator may comprise at least one pressure pLS of the fluid at an outlet of a load

sensing directional control valve,

The method may further comprise measuring at least one pressure pLS to obtain the

data. The data may typically be obtained using a pressure transducer.

According to a second aspect of the invention, there is provided apparatus for operat-
ing and controlling a hydraulic actuator, the apparatus comprising:

first and second valves;

a first path section along which fluid is supplied to a first chamber of the actua-
tor using the first valve;

a second path section along which fluid is extracted from a second chamber of
the actuator using the second valve; and

at least one device for producing a pilot pressure pPilot based upon obtained
data associated with a pressure of the fluid supplied to the first chamber of the actua-
tor, wherein either or both of the first and second valves are configured using the pilot

pressure pPilot,

The apparatus may further comprise the actuator. The device may typically comprise

a third valve.
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The device may comprise any one or more of: a determiner; a controller; and control

structure.

The apparatus may further comprise a control fluid circuit, or a component thereof,for

controlling the first and second valves.

According to a third aspect of the invention, there is provided a computer device for
use in operating and controlling an actuator operable using a hydraulic circuit compris-
ing a path section along which fluid is supplied to a first chamber of the actuator using
a first valve, and a path section along which fluid is extracted from a second chamber
of the actuator using a second valve, the computer device being configured to receive
data associated with a pressure of the fluid supplied to the first chamber of the actua-
tor, for determining a pilot pressure pfifot to be generated based upon the obtained

data for configuring either or both of the first and second valves.

According to a fourth aspect of the invention, there is provided a computer program

for the computer device of the third aspect.

According to a fifth aspect of the invention, there is provided a method of controlling
an actuator during operation of a hydraulic circuit comprising a first path section along
which fluid is supplied to a first chamber of the actuator using a first valve, and a sec-
ond path section aloeng which fluid is extracted from a second chamber of the actuator
using a second valve, the method comprising the steps of:

(a) computing a set pressure pSet in dependence upon a pressure of the
fluid supplied to the first chamber of the actuator; and

(b) configuring either or both of the first and second valves based on the

computed set pressure.

The method may further comprise producing a pilot pressure pfilot based on the set
pressure pSet; and configuring the first and second valves using the pilot pressure
pPifot,

According to a sixth aspect of the invention, there is provided apparatus for use in
controlling an actuator during operation of a hydraulic circuit comprising, the appa-
ratus comprising:

first and second valves;
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a first path section along which fluid is supplied to a first chamber of the actua-
tor using the first valve;

a second path section along which fluid is extracted from a second chamber of
the actuator using the second valve; and

at least one device for computing a set pressure pSet in dependence upon a
pressure of the fluid supplied to the first chamber of the actuator for configuring either

or both of the first and second valves based on the computed set pressure.

According a seventh aspect of the invention, there is provided a computer device for
use in controlling an actuator operable using a hydraulic circuit comprising a path sec-
tion along which fluid is supplied to a first chamber of the actuator using a first valve,
and a path section along which fluid is extracted from a second chamber of the actua-
tor using a second valve, the computer device being configured to compute a set pres-
sure pSet in dependence upon a pressure of the fluid supplied to the first chamber of
the actuator, the computed set pressure to be used for configuring either or both of

the first and second valves.

According to an eighth aspect of the invention, there is provided a computer program

for the computer device of the seventh aspect.

Any of the aspects of the invention may include further features as described in rela-
tion to any other aspect, wherever described herein. Features described in one em-
bodiment may be combined in other embodiments. For example, a selected feature
from a first embodiment that is compatible with the arrangement in a second embod-
iment may be employed, e.g. as an additional, alternative or optional feature, e.g.
inserted or exchanged for a similar or like feature, in the second embodiment to per-
form (in the second embodiment) in the same or corresponding manner as it does in
the first embodiment. Embediments of the invention are advantageous in various

ways as will be apparent from the specification throughout.

Description and drawings
There will now be described, by way of example only, embodiments of the invention
with reference to the accompanving drawings, in which:

Figure 1 is a diagram of prior art apparatus for controlling an actuator;
Figure 2 is a diagram of the prior art apparatus for controlling the actuator

of Figure 1 showing additional structure;
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Figure 3 is a diagram of apparatus for controlling an actuator according to

an embodiment of the invention;

Figure 4 is a representation of a control structure in the apparatus of Fig-
ure 3;
Figure 5 is a representation of a computer device for implementing the

control structure of Figure 4;

Figure 6 is a graph of pressure curve results from the apparatus of Figure
3 in use;
Figure 7 is a diagram of apparatus for controlling an actuator according to

another embodiment of the invention;

Figure 8 is a diagram of apparatus for controiling an actuator according to
a further embodiment;

Figure 9 is a diagram of apparatus for controlling an actuator according to
vet a further embodiment;

Figure 10 is a diagram of apparatus for controiling an actuator according to
yet a further embodiment;

Figure 11 is a diagram of apparatus for controlling an actuator in the form
of a motor according to an embodiment of the invention; and

Figure 12 is block diagram of a method according to an embodiment of the

invention.

Reference is made firstly to Figures 3 and 4. In Figure 3, there is shown apparatus
101 having a hydraulic circuit 102 which is used for providing an actuator 103 with

hydraulic power for operating and controlling the actuator 103.

The circuit 102 has a pressure compensating valve 110 and a counterbalance valve
111 which are configured using a pilot pressure pPilot which is generated based upon
a determined pressure pSet. The pressure pSet is determined using a control struc-
ture 150. A pressure plLS is measured using a transducer 120 and is passed to a de-
terminer 151 in the control structure 150 as an input, and the pressure pLS is pro-
cessed in order to determine the pressure pSet for generating the pilot pressure
pPilct. The pressure pLS is processed in the determiner 151 by applying a low-pass
filter to the pressure plS, in order to obtain the set pressure pSet, In this way, the
set pressure pSet is obtained in dependence upon the pressure as measured in the
line 107 with a high frequency component filtered out, This technique can therefore
provide an improved basis for configuring the counterbalance valve 111 and the pres-

sure compensating valve 110. The functionality of the counterbalance valve 111 and



[V

10

20

30

WO 2016/200272 PCT/NO2016/050119

11

pressure compensating valve 110 to control the actuator 103 under external loads
may thus be improved as the valves 110, 111 can respond on the basis of the pres-
sure in the metering-in line 107 (since the set pressure pSet is based upon the pres-
sure pLS), whilst the processing performed in the control structure 150 can help to

suppress instabilities as may be suffered by the prior art.

Figure 5 shows a computer device 200 including an In/Out unit 201 through which the
inputs and outputs of the control structure 150 are conveyed. The computer device
200 further comprises memory 203 for storing any of: data; computer programs
and/or machine readable instructions. For example, a computer program for pro-
cessing a signal of the pressure pLS may be stored using the memory 203. The com-
puter device 200 also includes a microprocessor 202 that can be used for any of pro-
cessing data, executing programs and/or performing instructions, for implementing
the control structure 150. Preferably, the computer device 200 is in the form of a
programmable logic controlier. 1t will be appreciated that the control structure 150
and/or the determiner 151 in order to provide its function in determining the pressure

pSet could be provided by other forms of apparatus.

Whilst this example illustrates that the pressure plLS may be subjected to filtering, it
will be understood that other operations may be applied in order to determine a suita-
ble pressure pSet for generating the pilot pressure pPijot. Such operations may for
example include removing a noise component, performing signal smoothing or averag-
ing, analysing or performing an estimation using the pressure pLS. In doing so, em-

pirical or numerical methods could be used.

The pilot pressure pPifot is communicated through control lines 110a, 111a to the X’
ports of the valves 110, 111 to configure them accordingly. In order to generate the
pilot pressure pPilot, the determiner 150 Is used to control a propertional pressure
relief valve 130, which is used to adjust the pressure of control fluid in the lines 110a,
111a to correspond with the pressure pSet. A uProp signal is generated based on
pSet and is passed to the propertional pressure relief valve 130 to operate it appropri-

ately. The uProp signal is output from the In/Out unit 201 of the computer device 200..

Referring again to Figure 3, the apparatus 101 includes a control fluid tank 121 and
control fluid pump 122 for providing a supply of control fluid through a supply line
122i. A control fluid drain line 123 is provided for draining away control fluid, The

proportional pressure relief valve 130 is arranged between the pump 122 and the
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drain line 123, and is adjustable, e.g. by a movable valve spool to bleed off control
fluid to a drain, to control communication of control fluid between the supply line 122i
and the drain line 123. Thus, the pressure of control fluid in the supply line 122i (and
hence the lines 110a, 111b which the supply line supplies) can be determined by the
proportional pressure relief valve 130, so as to achieve the appropriate pilot pressure
pPifot.

It can be noted further in Figure 3 that the apparatus 101 includes a pressure distribu-
tion valve 131. When a piston 103p of the actuator 103 is being moved toward the
second side 103b (upon application of power fluid into a chamber on & first side 103a
of the actuator 103), block 131a of the pressure distribution valve 131 is active and
control fluid at the pilot pressure pPifot is communicated through the valve 131 into
the line 111a and into the port X of the counterbalance valve 111, In Figure 3, both a
load-sensing directional control valve 109 and the pressure distribution valve 131 are
in the neutral configuration (blocks 109c and 131c active), with the actuator 103 sta-
tionary. In this neutral configuration, the pressure port *X’ in the counterbalance
valve 111 is in communication with the drain line 123, and both the supply of the con-

trol fluid via pump 122 and supply of power fluid via pump 105 are disconnected.

When the apparatus 101 is used to move the piston 103p, an input signal uMain is
passed to the directional control valve 109 to activate the relevant block 109a and an
input signal uDist, based upon the input signal uMain, is sent from the determiner 150
to the pressure distribution valve 131 in order to activate the block 10%a so as to
communicate the pilot pressure pPilot for configuring the pressure compensating valve

110 and counterbalance valve 111 as described above.

In general, operation is such that a pilot pressure is generated using the determiner
150 on an ongoing basis. The pressure pLS is received and the pressure pSet pro-
duced by the determiner as time-series data, and the determiner 150 sends a time-
series command signal uProp to the pressure relief valve 130 accordingly. The pilot
pressure pPilot generated in the control fluid is thus updated over time, e.g. continu-

ously and/or automatically.

In order to facilitate proper generation of the pilot pressure, the generated pressure
pPilot is measured using a pressure transducer 140 and is fed back to the determiner
150 as an input. The measured pilot pressure pPilol and the set pressure pSet are

compared for checking agreement between the pressure pPifot actually generated and
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the determined set pressure pSet. A proportional integral (PI)-control function is used
to determine any difference pDelta between the measured pressure pPilot generated
in the fluid and the pressure pSet, and applies a gain to the pressure pSet signal if
appropriate. The signal uProp is then communicated accordingly, taking into account
the gain, to control the pilot pressure pPilot being generated in the fluid via the pro-

portional pressure relief valve 130.

Figure 6 shows time-series plots of data showing the signal of the measured pressure
pLS and that of the resulting set pressure pSet after low pass filtering of the signal of
the measured pressure plS. As can be seen, the set pressure pSet after filtering does
not contain the high-frequency fluctuations of the pressure plS observed by meas-
urement of the fluid. WNevertheless, the computed set pressure pSet includes the
longer period variations observed in the pressure plLS, so that appropriate configura-

tion of valves 110, 111 can be made to control the actuator 103.

With reference again to Figure 3, in further detail, it can be noted that the piston 103p
of the actuator 103 is movable within a piston housing 103h under control of the pres-
sure compensating valve 110 and the counterbalance valve 111. The piston 103 is bi-
directionally movable by hydraulic power fluid acting in a chamber on the first side
103a of the actuator 103 for moving the piston 103p toward a second side 103b or by
“hydraulic power fluid acting in a chamber on the second side 103b of the actuator 103
for moving the piston 103p toward the first side 103a. The power fluid is supplied
through the circuit 102 to the appropriate chamber. The pump 105 is used for supply-
ing the hydraulic power fluid from a tank 104, The chambers on the first and second
sides 103a, 103b operate such that movement of the piston 103p, e.g. toward the
second side 103b by the fluid supplied into the chamber at the first side 103a, is re-
sisted by power fluid in the other chamber. Accordingly, with a first body of hydraulic
power fluid being supplied into one of the sides 103a, 103b, a second body of hydrau-
lic power fluid is expelled from the chamber on the other of those sides 103a, 103b.
The power fluid is led into the relevant chamber of the actuator 103 via line 108 or
line 107 as appropriate, facilitated by the load-sensing directional control valve 108.
It will be appreciated that the configuration of the directional control valve 109 deter-
mines the route for the hydraulic power fluid from the pump 105 to the actuator 103.
The load-sensing directional control valve 109 is shown in Figure 3 in a neutral posi-
tion, in which no movement of the piston 103p is taking place. However, upon acti-
vating the directional control valve 109 toward the left hand side as viewed in the fig-

ure such that the block 109a is active whereby ports A and T are connected and ports
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B and P are connected, power fluid can be directed from the pump 105 into the line
107 and into the first side 103a of the actuator 103, for urging the piston 103p toward
the second side 103b. Returning power fluid can then be extracted from the second
side 103b of the actuator via the line 108 fo the drain line 113 to a drain 106.

The pressure compensating valve 110 is configured to adjust the flow of power fluid
from the pump 105 so that a suitable pressure is applied for moving the piston 103p
at a certain speed. The counterbalance valve 111 can adjust the flow of returning
power fluid from the actuator 103 to control the pressure in the chamber on the sec-
ond side 103b against which the piston 103p needs to act to maintain the speed
(when moving for example toward the second side 103b). In the event of variations
in the load, the counterbalance valve 111 can adjust the path for fluid out of the sec-
ond side 103b in order to maintain the speed of the piston 103p independently of the
load, e.g. to maintain a pressure differential between the chambers on the first and
second sides 103a, 103b of the actuator. Control of the valves 110, 111 using the
pilot pressure generated as described above facilitates correct performance of the
counterbalance valve 111 and the pressure compensating valve 110 such that poten-
tial instabilities as may arise by operation of the valves in the presence of overrunning

or other externally imparted loads can be suppressed or prevented,

It can further be noted that the pressure compensating valve 110 is controlled accord-
ing to the pressures in control lines 110a, 110b e.g. by positioning a valve spool as
determined by the pressure in the control lines 110a, 110b. In this way, the pilot
pressure in the control line 110a can control the valve 110 so as to configure the path
for power fluid through the valve 110. The control line 110b is connected to the inlet
side of the load-sensing directional control valve 109 and senses the pressure of the
power fluid being supplied into the directional control valve 109 through supply line
112,

The counterbalance valve 111 is controlled according to the pressures in control lines
111a, 111b, e.g. by positioning a valve spool so as to restrict or permit fluid flow
through the valve 111 by an amount determined by the pressure in the control lines
i11a, 111b. In this way, the pilot pressure in the control line 111a can control the
valve 111 so as to configure the path for power fluid through the valve 111. The con-
trol line 111b is connected to the line 108 from the second side 103b of the actuator
103 so as to sense the pressure in the returning power fluid from the second side
103b of the actuator in line 108,
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Figure 3 illustrates a simplified version of the apparatus 101 highlighting key compo-
nents involved for operating and controlling the actuator moving in the direction to-
ward the second side 103b, e.g. when subjected to an overrunning load. In practice,
it is also desired to operate and control the actuator in the direction toward the first
side 3a of the actuator 103, e.g. when subjected to an overrunning load. The same
functionality is thus implemented by mirroring the configuration of the counterbalance
valve 111 and check valve 114 on the other side of the actuator 103, and the full con-
figuration for controlling the actuator movements and overrunning loads in both direc-

tions is shown in Figure 7.

In Figure 7, the apparatus 101’ includes a second counter balance valve 111’ opera-
tive under control from lines 111b’ and 111a’, and a second check valve 114’. These
operate in alternation with the counterbalance valve 111 and check valve 114, and
resist the movement of the piston 103p toward the first side 103a. The second coun-
terbalance valve 111’ and check valve 114’ operate to resist the movement when the
directional control valve 109 has the block 109b active, whereby the ports A and P are
connected and ports B and T are connected. When the block 109a is active however,
and ports A and T are connected and ports B and P are connected, the counterbalance
valve 111 and check vaive 114 operate to resist the movement toward the second side
103b.

The counterbaiance valves 111, 111’ uses separate control lines 111a, 1113’ to the
raspective X ports of the valves 111, 111", In order to supply control fluid on these
lines 111a, 111a’, the apparatus 101’ has a pressure distribution valve in the form of a
directional control valve 531, operating under control of the uDist signal (which in turn
is linked to the uMain load sensing signal). When the piston 103p of the actuator 103
is being moved toward the second side 103b {upon application of power fluid into the
chamber on the first side 103a), block 531b of the valve 531 is active and control fluid
at the pilot pressure pPilot is communicated through the valve 531 into the line 1113
and into the port X of the counterbalance valve 111, Conversely, when the piston
103p of the actuator 103 is being moved toward the first side 103a (upon application
of power fluid into the chamber on the second side 103b), block 531a of the valve 531
is active and control fluid at the pilot pressure pPifot is communicated through the
valve 531 into the line 111a’ and into the port X of the second counterbalance valve

111’. The neutral configuration with block 531c active is shown in Figure 7.
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In other variants, other arrangements may be used to generate the pressure pPilot in
the control fluid, not necessarily using the proportional pressure relief valve 130 as

illustrated in Figures 3 and 4.

Turning to Figure 8, one such variant is depicted, in which the apparatus 601 has a
valve arrangement 630 for generating the pilot pressure according using the wProp
signal, instead of the pressure relief valve 130. The valve arrangement 630 in this
example includes a proportional pressure reducing valve 651 which is used to gener-
ate the pilot pressure pPilot. A second valve 652 is provided between the pump 621
and the drain line 623 for bleeding off pressure to the drain line 623 to control the

pressure of control fluid at the P port of the pressure reducing valve 651.

In the above-described embodiments, the pilot pressure pPilot which is generated
from pSet as determined by the determiner 150 is communicated to both the counter-
balance valve 111 and the proportional pressure relief valve 130. It will however be
appreciated that the pressure pPilot from the determiner 150 can in other examples
be applied to one or the other of the counterbalance vaive 111 and the pressure com-
pensating valve 110 {or the counterbalance valve 111’ and the pressure compensating

valve 110 as the case may be). Such examples are illustrated in Figures 9 and 10.

In Figure 9, the apparatus 701 is configured in the same way as the apparatus 101 of
Figure 3 except in this example the pressure pPilot from the determiner 105 is com-
municated through the line 710a to the X port of the pressure compensating valve 710
and not to the counterbalance valve 711. The pressure pLS is sensed by transducer
720 and fed to the determiner 150, The control line 711a is connected to the line 707
so that the X port of the counterbalance valve 711 senses the pressure in the fluid

being supplied to the first side 703a of the actuator 703.

In Figure 10, the apparatus 801 is configured in the same way as the apparatus 101 of
Figure 3 except in this example the pressure pPifot from the determiner 105 is com-
municated through the line 811a to the X port of the counterbalance valve 811 and
not to the pressure compensating valve 810. The pressure pLS is sensed by transduc-
er 820 and fed to the determiner 150, The control line 810a is connected to an outet
side of the load-sensing directional control valve 809, which senses the pressure in the

power fluid being supplied into the first side of the piston via line 807,
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The configurations in Figures © and 10 represent simpler variants that may be effec-
tive while still offering improvements in the controliability of movement instabilities by
overrunning loads, due to the pilot pressure pPilot being generated based on a com-
puted set pressure pSet from the determiner 105. The system in Figure 9 can be
particularly advantageous because no artificially generated hydraulic pressure is sent
to the counterbalance valve which is considered an important safety component.
Therefore, the simpler system with the direct connection {(provided by line 711a) may

benefit from an easier certification requirement.

It can be noted that the presently described techniques can be applied with actuators
of different types. The actuators may be multi-directional in their movement, and
may be controlied in respective directions using apparatus as described. For example,
as illustrated in Figure 11, rather than a bi-directional linear translation piston such as
the pistons 103, 603, 703, 803, the actuator is in the form of a hydraulic motor 903
whereby a moving component in the form of a shaft 903s is rotated by hydraulic con-
trol. Shaft movement under load is controlled by an opposing pressure chamber,
Thus, movement of the shaft 903s pressure in the line 907 into a first pressure cham-
ber 903a, is resisted by fluid in a second pressure chamber 903b using the counter-

balance valve 911.

In Figure 12, a method 300 of controlling a hydraulic actuator has the steps 51 to 54,
as shown. In steps S1 and S2, pressure data providing a signal of the pressure in the
power fluid into the actuator is obtained from transducer measurements, and a set
pressure is computed based upon the pressure data, e.g. by filtering the signal. In
$3, a pilot pressure is generated, e.g. using a pressure relief valve in a control fluid
circuit, using the computed set pressure. In S4, the pilot pressure is produced in the
contro! fluid and is communicated via the fluid to the ports in a counter balance valve
and a pressure compensation valve, causing the valves to be set according to the pilot
pressure. In this way, the paths for power fluid into and out of the actuator are de-

termined by the valves in dependence on the pilot pressure to control the actuator.

Various modifications and improvements may be made without departing from the

scope if the invention herein described.
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Claims

i. A method of controlling an actuator during operation using a hydraulic circuit,
the circuit comprising a first path section along which fluid is supplied to a first cham-
ber of the actuator using a first valve, and a second path section along which fluid is
extracted from a second chamber of the actuator using a second valve, the method
comprising the steps of:

€)) obtaining pressure data associated with a pressure of the fluid supplied
to the first side of the actuator;

{b) producing a pilot pressure pPifot based on the data; and

(c) configuring either or both of the first and second valves using the pilot

pressure pPifot.

2. A method as claimed in claim 1, wherein the pressure data comprises a signal

of the pressure in the fluid supplied to the first chamber.

3. A method as claimed in claim 1 or 2, wherein the obtained pressure data are
first pressure data, and the method further comprises processing the first pressure
data to produce second pressure data, wherein the pilot pressure pPilot is produced

based upon the second pressure data.

4, A method as claimed in claim 3, wherein at least one component from the first

pressure data is preserved in the produced second pressure data.

5. A method as claimed in any preceding claim, wherein the obtained pressure
data are first pressure data, and the method further comprises processing the first
pressure data to determine at least one set pressure pSet for determining the pilot

pressure pPiiot.

6. A method as claimed in any of claims 3 to 5, wherein the step of processing the
first pressure data to obtain the second pressure data comprises filtering the first

pressure data.

7. A method as claimed in claim 6, wherein the step of filtering comprises apply-

ing a low-~pass filter to the first pressure data.
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8. A method as claimed in any of claims 3 to 7, which further comprises generat-
ing a control signal uProp based on the second pressure data, and passing the control
signal uProp to a third valve to produce the pilot pressure pPilot for configuring either

or both of the first and second valves.

9. A method as claimed in claim 8, wherein the third valve is operable to configure

a valve control path for adjusting a pressure in a control fluid in the path.

10. A method as claimed in claim 8 or 9, which further comprises measuring the
produced pilct pressure pPifot, comparing the measured pilot pressure with the second
pressure data, and updating the control signal uProp in dependence upon the compari-

50N,

11, A method as claimed in any preceding claim, wherein the first valve comprises
a pressure compensating valve operable for adjusting a pressure of the fluid in the

first path section.

12. A method as claimed in any preceding claim, wherein the second valve com-
prises a counterbalance valve operable for resisting undesired movement of the actua-

tor.

13, A method as claimed in any preceding claim, wherein the first and secend
valves are configured to be operable to maintain an actuator speed that is independ-

ent of external disturbances on the actuator,

14. A method as claimed in any preceding claim, wherein the first path section

comprises a metering-in line.

15, A method as claimed in any preceding claim, wherein pressure data associated
with the pressure in the fluid supplied to the first side of the actuator comprises at
least one pressure pl.S of the fluid at an outlet of a load sensing directional control

valve,

16, Apparatus for operating and controlling a hydraulic actuator, the apparatus
comprising:

first and second valves:
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a first path section along which fluid is supplied to a first chamber of the actua-
tor using the first valve;

a second path section along which fluid is extracted from a second chamber of
the actuator using the second valve; and

at least one device for producing a pilot pressure pPilot based upon obtained
data associated with a pressure of the fluid supplied to the first chamber of the actua-
tor, wherein either or both of the first and second valves are configured using the pilot

pressure pPilot.

17. Apparatus as claimed in claim 16, further comprising the actuator.

18. Apparatus as claimed in claim 16 or 17, wherein said device comprises any one

or more of: a determiner; a controller; and a control structure.

19. Apparatus as claimed in any of claims 16 to 18, further comprising a control
fluid circuit, or components thereof, for controlling either or both of the first and sec-

ond valves.

20. A computer device for use in operating and controlling an actuator operable
using a hydraulic circuit comprising a path section along which fluid is supplied to a
first chamber of the actuator using a first valve, and a path section along which fluid is
extracted from a second chamber of the actuator using a second valve, the computer
device being configured to receive data associated with a pressure of the fluid supplied
to the first chamber of the actuator, for determining a pilot pressure pPilot to be gen-
erated based upon the obtained data for configuring either or both of the first and

second valves.

21. A computer program for the computer device of claim 20.

22. A method of contrelling an actuator during operation using a hydraulic circuit
comprising a first path section along which fluid is supplied to a first chamber of the
actuator using a first valve, and a second path section along which fluid is extracted
from a second chamber of the actuator using a second valve, the method comprising
the steps of:

(a) computing a set pressure pSet in dependence upon a pressure of the

fluid supplied to the first chamber of the actuator; and
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(b) configuring either or both of the first and second valves based on the

computed set pressure,
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