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(54) A METHOD OF CONTROLLING A HYDRAULIC SYSTEM, A HYDRAULIC SYSTEM AND A 
CRANE

(57) A hydraulic system for operating a working
equipment, said hydraulic system comprising a set of hy-
draulic cylinders (5, 6, 7), each having a first port (17,
18,19) and a second port (20, 21, 22) on opposite sides
of respective piston (8, 9, 10), a tank (23) for housing
hydraulic fluid, a pump (24) configured to pump hydraulic
fluid from the tank (23) to each cylinder, and a set of
hydraulic control valves (25, 26, 27), one for each cylin-
der, each control valve (25, 26, 27) being configured to
control a flow of hydraulic fluid from said pump (24) to
one of the first port (17, 18, 19) and the second port (20,
21, 22). The hydraulic system comprises means for de-
termining the total return flow rate from said cylinders (5,
6, 7) to the tank (23), and a control unit (28) configured
to control the flow rate of hydraulic fluid to said first or
second port (17-22)) of the cylinders (5, 6, 7) on basis of
the determined total return flow rate, such that a prede-
termined return flow rate limit is not exceeded.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method of
controlling a hydraulic system arranged to operate a
working equipment, wherein the hydraulic system com-
prises

- a set of hydraulic cylinders, each cylinder being
equipped with a piston which is slidingly arranged in
the cylinder, wherein each piston divides its associ-
ated cylinder chamber into a first chamber and a sec-
ond chamber, the first chamber being provided with
a first port through which hydraulic fluid is able to
enter and to exit the first chamber, and the second
chamber being provided with a second port through
which hydraulic fluid is able to enter and to exit the
second chamber,

- a tank for housing hydraulic fluid,
- a pump configured to pump hydraulic fluid from the

tank to each cylinder,
- a set of hydraulic control valves, one for each cylin-

der, each control valve being configured to control a
flow of hydraulic fluid from said pump to either of the
first port and the second port of its associated cylin-
der and to simultaneously allow a return flow from
the other of the first port and second port of its as-
sociated cylinder to the tank.

[0002] The invention also relates to such a hydraulic
system, as well as a crane provided with such a hydraulic
system.

BACKGROUND AND PRIOR ART

[0003] Cranes having hydraulic systems of the type
defined hereinabove are well known. Depending on the
area ratios between the active areas of the pistons in the
cylinders, the maximum total return flow rate of the cyl-
inders may be high, and sometimes substantially higher
than the maximum total flow rate delivered by the pump
into the respective cylinders. As a consequence thereof,
pressure spikes and pressure drops in the return flow
can be harmful to components of the hydraulic system
that are subjected to the total return flow. Such compo-
nents may include hoses, valves et cetera.
[0004] The problem is often most noticeable when sev-
eral crane functions are operated concurrently and by
retracting piston rods of the cylinders such as during fold-
ing of cranes. There is, for example, a risk of this occurring
when folding booms and retracting extension booms of
a loader crane into a parked position.
[0005] One solution to the above-mentioned problem
is to dimension the components subjected to such ele-
vated stress caused by large fluid return rates such that
they are able of coping with the pressure spikes caused
by elevated total return flow rates. This will mean that the

components are over-dimensioned for most operations
performed by the crane, which do not include elevated
total return flow. Over-dimensioning is costly, and it often
results in bulkier and heavier components, and should
therefore be avoided if possible.
[0006] It is thus an object of the invention to solve the
above-mentioned problem without such over-dimension-
ing of components that are subjected to high stress
caused by high total return flow rates.

SUMMARY

[0007] The object of the invention is achieved by
means of a method of controlling a hydraulic system ar-
ranged to operate a working equipment, wherein the hy-
draulic system comprises

- a set of hydraulic cylinders, each cylinder being
equipped with a piston which is slidingly arranged in
the cylinder, wherein each piston divides its associ-
ated cylinder chamber into a first chamber and a sec-
ond chamber, the first chamber being provided with
a first port through which hydraulic fluid is able to
enter and to exit the first chamber, and the second
chamber being provided with a second port through
which hydraulic fluid is able to enter and to exit the
second chamber,

- a tank for housing hydraulic fluid,
- a pump configured to pump hydraulic fluid from the

tank to each cylinder,
- a set of hydraulic control valves, one for each cylin-

der, each control valve being configured to control a
flow of hydraulic fluid from said pump to either of the
first port and the second port of its associated cylin-
der and to simultaneously allow a return flow from
the other of the first port and second port of its as-
sociated cylinder to the tank, wherein said method
is characterised in that it comprises the steps of:

- determining the total return flow rate from said cyl-
inders to the tank, and

- controlling the flow rate of hydraulic fluid to said first
or second ports of the cylinders on basis of the de-
termined total return flow rate, such that a predeter-
mined return flow rate limit is not exceeded.

[0008] According to one embodiment, the method is
characterised in that, for each cylinder the associated
piston has a first end surface area directed towards the
first chamber and a second end surface area directed
towards the second chamber, and in that -the step of
determining the total return flow rate comprises an esti-
mation of the total return flow rate on basis of information
regarding the flow rate of hydraulic fluid into each respec-
tive cylinder, on basis of information regarding into which
of the first and second chamber of the respective cylinder
that the hydraulic fluid flows, on basis of an area ratio
between the first end surface area and the second end
surface area of the piston of the respective cylinder, and
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on basis of information regarding the flow rate through
the pump.
[0009] According to one embodiment, each control
valve is configured to regulate the flow rate into its asso-
ciated cylinder either in a stepwise manner or in a step-
less manner between zero and maximum flow rate,
wherein the information regarding the flow rate of hydrau-
lic fluid into each respective cylinder is based on infor-
mation regarding a control position of each respective
control valve, and that the method comprises the step of
identifying said control position of the control valve. The
control valves may be referred to as proportional control
valves, in particular a load sensing proportional control
valve. In proportional control valve, the flow rate to a cyl-
inder is proportional to a control position of a manually
operated element of a user input device. The control po-
sition may be the position of a part of the valve that is
indicative of the degree of opening of the valve, and thus
the flow rate into the associated cylinder. Said part may
comprise a movable spool, and the means for determin-
ing said control position may comprise a spool position
sensor arranged to measure how much the spool has
been displaced The spool position sensor may be con-
nected to the control unit to communicate measurement
results to the control unit.
[0010] According to one embodiment, the hydraulic
system comprises a user input device which comprises
a manually operable element for operating the working
equipment, and the flow rate through the respective con-
trol valve into each cylinder is determined on basis of the
input from the manually operated element. The operator
has the user input device for controlling a working equip-
ment, such as a crane, operated by the hydraulic system.
The user input device may be mounted to the crane or a
separate unit connected to the control system of the
crane by cables or wireless transceivers. The operator
generates user input to manoeuvre the crane by push-
ing/pulling levers, buttons, touch screen etc. defined by
said manually operable element. A control system of the
hydraulic system may then issue control signals to the
control valves based on the received user input.
[0011] According to one embodiment, the method is
characterised in that, if it is determined that the total return
flow rate is equal to or above said predetermined return
flow rate limit, the flow rate of the hydraulic fluid into the
cylinders is reduced with a reduction ratio such that the
predetermined return flow rate limit is not exceeded.
[0012] According to one embodiment, the method is
characterised in that, if it is determined that the total return
flow rate approaches said predetermined return flow rate
limit with a pace which is above a predetermined pace
limit, and within a predetermined flow rate range, the flow
rate of the hydraulic fluid into the cylinders is reduced
with a reduction ratio such that the predetermined return
flow rate limit is not exceeded.
[0013] According to one embodiment, said reduction
ratio is equal for all the cylinders.
[0014] The object of the invention is also achieved by

means of a hydraulic system for operating a working
equipment, said hydraulic system comprising:

- a set of hydraulic cylinders, each cylinder being
equipped with a piston which is slidingly arranged in
the cylinder, wherein each piston divides its associ-
ated cylinder chamber into a first chamber and a sec-
ond chamber, the first chamber being provided with
a first port through which hydraulic fluid is able to
enter and to exit the first chamber, and the second
chamber being provided with a second port through
which hydraulic fluid is able to enter and to exit the
second chamber,

- a tank for housing hydraulic fluid,
- a pump configured to pump hydraulic fluid from the

tank to each cylinder,
- a set of hydraulic control valves, one for each cylin-

der, each control valve being configured to control a
flow of hydraulic fluid from said pump to one of the
first port and the second port of its associated cylin-
der and to simultaneously allow a return flow from
the other of the first port and second port of its as-
sociated cylinder to the tank, wherein said hydraulic
system is characterised in that it comprises:

- means for determining the total return flow rate from
said cylinders to the tank, and

- a control unit configured to control the flow rate of
hydraulic fluid to said first or second ports of the cyl-
inders on basis of the determined total return flow
rate, such that a predetermined return flow rate limit
is not exceeded.

[0015] According to one embodiment, the hydraulic
system is characterised in that, for each cylinder the as-
sociated piston has a first end surface area directed to-
wards the first chamber and a second end surface area
directed towards the second chamber, and in that the
means for determining the total return flow rate compris-
es the control unit, which is configured to estimate the
total return flow rate on basis of information regarding
the flow rate of hydraulic fluid into each respective cylin-
der, on basis of information regarding into which of the
first and second chamber of the respective cylinder that
the hydraulic fluid flows, on basis of an area ratio between
the first end surface area and the second end surface
area of the piston of the respective cylinder, and on basis
of information regarding the flow rate through the pump.
[0016] According to one embodiment, each control
valve is configured to regulate the flow rate into its asso-
ciated cylinder either in a stepwise manner or in a step-
less manner between zero and maximum flow rate,
wherein the means for determining the flow rate of hy-
draulic fluid into each respective cylinder comprises
means for determining a control position of each respec-
tive control valve. The control position may be the position
of a part of the valve that is indicative of the degree of
opening of the valve, and thus the flow rate into the as-
sociated cylinder. Said part may comprise a movable
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spool, and the means for determining said control posi-
tion may comprise a spool position sensor arranged to
measure how much the spool has been displaced, the
spool position sensor may be connected to the control
unit to communicate measurement results to the control
unit.
[0017] According to one embodiment the hydraulic
system comprises a user input device which comprises
a manually operable element for operating the working
equipment, and the control unit is configured to determine
a position of the manually operable element and to esti-
mate the flow through each control valve to its associated
cylinder on basis thereof.
[0018] According to one embodiment, if it is determined
by the control unit that the total return flow rate is equal
to or above said predetermined return flow rate limit, the
control unit is configured to reduce the flow rate of the
hydraulic fluid into the cylinders with a reduction ratio
such that the predetermined return flow rate limit is not
exceeded.
[0019] According to one embodiment, the control unit
is configured to determine the rate with which the total
return flow approaches the predetermined return flow
rate limit, wherein, if it is determined by the control unit
that the total return flow rate approaches said predeter-
mined return flow rate limit with a pace which is above a
predetermined pace limit, and within a predetermined
flow rate range, the control unit is configured to reduce
the flow rate of the hydraulic fluid into the cylinders with
a reduction ratio such that the predetermined return flow
rate limit is not exceeded.
[0020] According to one embodiment, said reduction
ratio is equal for all the cylinders.
[0021] The object of the invention is also achieved by
means of a crane, such as a loader crane, characterised
in that it comprises a hydraulic system according to the
present invention.
[0022] For the implementation of the invention, the hy-
draulic system may comprise a computer program com-
prising a computer program code for causing a computer
to implement a method according to the invention when
the computer program is executed in the computer.
[0023] The hydraulic system may further comprise a
computer program product comprising a non-transitory
data storage medium which can be read by a computer
and on which the program code of a computer program
as defined hereinabove is stored.
[0024] Moreover, a control system of the hydraulic sys-
tem according to the present invention may comprise an
electronic control unit comprising an execution means
and a data storage medium which is connected to the
execution means and on which the computer program
code of a computer program as defined hereinabove is
stored.

BRIEF DESCRIPTION OF THE DRAWING

[0025]

Fig. 1 is a schematic representation of a crane ac-
cording to the invention,
Fig. 2 is a schematic representation of a hydraulic
system according to the invention,
Fig. 3 is a flow chart showing steps of a method ac-
cording to the invention.

DETAILED DESCRIPTION

[0026] Fig. 1 illustrates a hydraulic loader crane which
preferably is equipped with a hydraulic system according
to the present invention. The crane comprises a body 1,
a first boom section 2 articulated to the body 1, an outer
boom 3 articulated to the first boom section 2, and an
extension boom 4 fixed to the outer boom 3. The first
boom section 2 is operated by means of a hydraulic lifting
cylinder 5, the outer boom 3 is operated by means of a
hydraulic outer boom cylinder 6, and the extension boom
is operated by means of a hydraulic extension boom cyl-
inder 7.The body 1 may comprise a crane column which
is rotatably mounted to a crane base (not shown in Fig.
1) so as to be rotatable in relation to the crane base about
an essentially vertical axis of rotation. The rotatable crane
column is operated by a swivel mechanism e.g. based
on a rack and pinion design comprising a hydraulic cyl-
inder, sometimes referred to as a slewing cylinder. Alter-
natively, the swivel mechanism may be a so called end-
less slewing system comprising a motor with gear and
slewing bearing to get a free rotation. In addition to this
further boom extensions operated by hydraulic extension
boom cylinders may be telescopically mounted to the ex-
tension boom 4 to give the crane additional reach. One
or more so called jibs, may further be mounted to the
outer boom 3. A jib is an additional crane boom which
may be mounted to the outer end of the outer boom by
means of a connecting unit with an insertion part that is
received inside the foremost telescopic crane boom sec-
tion of the outer boom. Jibs add further booms and hy-
draulic extension boom cylinders to the crane and are
connected to the hydraulic system of the crane.
[0027] The lifting cylinder 5, the outer boom cylinder 6
and the extension boom cylinder 7 form part of a hydraulic
system disclosed in fig. 2. Each of said cylinders 5, 6, 7
is equipped with a piston 8, 9, 10 which is slidingly ar-
ranged in the cylinder 5, 6, 7, wherein each piston 8, 9,
10 divides its associated cylinder chamber 5, 6, 7 into a
first chamber 11, 12, 13 and a second chamber 14, 15,
16. Each first chamber 11, 12, 13 is provided with a first
port 17, 18, 19 through which hydraulic fluid is able to
enter and to exit the first chamber 11, 12, 13, and each
second chamber 14, 15, 16 is provided with a second
port 20, 21, 22 through which hydraulic fluid is able to
enter and to exit the second chamber 14, 15, 16.
[0028] The hydraulic system further comprises a tank
23 for housing hydraulic fluid and a pump 24 configured
to pump hydraulic fluid from the tank 23 to each cylinder
5, 6, 7. There is a set of hydraulic control valves 25, 26,
27, one for each cylinder 5, 6, 7, each control valve 25,
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26, 27 being configured to control a flow of hydraulic fluid
from said pump 24 to one of the first port 17, 18, 19 and
the second port 20, 21, 22 of its associated cylinder and
to simultaneously allow a return flow from the other of
the first port 17, 18, 19 and the second port 20, 21, 22 of
its associated cylinder 5, 6, 7 to the tank 23. The hydraulic
system further comprises a control unit 28 configured to
determine the total return flow rate Rtot from said cylin-
ders 5, 6, 7 to the tank 23. The control unit 28 is also
configured to control the flow rate of hydraulic fluid to
said first or second ports 17-22 of the cylinders 5-7 on
basis of the determined total return flow rate Rtot, such
that a predetermined return flow rate limit Rmax is not
exceeded.
[0029] The control unit 28 forms part of a control sys-
tem of the hydraulic system and may comprise an elec-
tronic control unit comprising an execution means and a
data storage medium which is connected to the execution
means and on which a computer program code of a com-
puter program is stored. The computer program may
comprise a computer program code for causing a com-
puter to implement a method according to the invention
when the computer program is executed in the computer.
The control unit 28 may also comprise a computer pro-
gram product comprising a non-transitory data storage
medium which can be read by a computer and on which
the program code of a computer program as defined
hereinabove is stored. A user input device 32 configured
to allow a user to send control signals to the control unit
28 on basis of which the operation of the control valves
is controlled also forms part of the control system. The
user input device 32 may be remote from the crane struc-
ture. For example it may comprise a remote control de-
vice configured to be carried by an operator
[0030] The total return flow rate Rtot may be obtained
by providing one or more flow meters in the hydraulic
system, for the purposes determining Rtot by direct
measurement of the return flow rate. However, in the
embodiment disclosed, the control unit 28 is configured
to estimate, or calculate, Rtot on basis of input that it
receives continually regarding the operation and the
structural characteristics of the cylinders 5-7. Input from
sensors like flow meters, pressure sensors and/or tem-
perature sensors located at various positions in the hy-
draulic system may further be used to verify that the es-
timations are reasonable. Such sensor input may be fur-
ther used to modify the estimations, if needed.
[0031] For each cylinder 5, 6, 7 the associated piston
8, 9, 10 has a first end surface area A1 directed towards
the first chamber 11, 12, 13 and a second end surface
area A2 directed towards the second chamber 14, 15,
16. The return flow rate Ri from each cylinder 5, 6, 7 is
thus dependent on the area ratio A1/A2 and on the di-
rection of flow (i.e. if the hydraulic fluid flows into the first
port 17, 18, 19 or into the second port 20, 21, 22), and,
needless to say, the flow rate into the cylinder. The ratio
A1/A2 may be different for different cylinders. For some
cylinders, like the slewing cylinder, the ratio A1/A2 may

be 1.
[0032] The control unit 28 is thus configured to esti-
mate the total return flow rate Rtot on basis of information
regarding the flow rate of hydraulic fluid into each respec-
tive cylinder, on basis of information regarding into which
of the first and second chamber 11-16 of the respective
cylinder 5, 6, 7 that the hydraulic fluid flows, on basis of
an area ratio A1/A2 between the first end surface area
A1 and the second end surface area A2 of the piston 8,
9, 10 of the respective cylinder 5, 6, 7, and on basis of
information regarding the flow rate through the pump 24.
[0033] Each control valve 25, 26, 27 is configured to
regulate the flow rate into its associated cylinder 5, 6, 7
either in a stepwise manner or in a step-less manner
between zero and maximum flow rate, by displacing a
spool in the control valve. The control valves 25, 26, 27
are proportional valves arranged so as to regulate the
flow rate through the valve 25, 26, 27 towards the re-
spective cylinder 5, 6, 7 on basis of an order from an
operator. The input user device 32 comprises manually
operable elements, for example levers, knobs, touch
screens or the like, which are schematically represented
with reference number 29, 30, 31 in fig. 2. In a preferred
embodiment, the manually operable element 29, 30, 31
is arranged on a remote control device which is physically
separated from the control valves 25, 26, 27 and de-
signed so as to enable an operator to operate the crane
functions from a remote position. Alternatively, the con-
trol valves may be controlled with an input user device
physically connected to the control valves. Each control
valve may further be monitored by a spool position sensor
(33, 34, 35) arranged to measure how much the spool
has been displaced, the spool position sensor may be
connected to the control unit 28 to communicate meas-
urement results to the control unit 28.The control unit 28
is thus configured to estimate the return flow rate Ri of
each cylinder 5, 6, 7 on basis of the position of said man-
ually operable element 29, 30 ,31, which gives an indirect
information about the fluid flow rate into each respective
cylinder 5, 6, 7 and, or, by input from the measurements
of the spool position sensor (33, 34, 35). The measure-
ments from the spool position sensor may further be com-
bined with information regarding the flow rate through
the pump (24).
[0034] In addition to cylinders other hydraulic compo-
nents such as motors or hoists may further be part of the
hydraulic system and generate contributions to the return
flow. The output flow from these components may further
be estimated in accordance with user input signals and
input flow, and also be reduced using a similar method
as for the cylinders.
[0035] Regenerative cylinders may further be part of
e.g. the hydraulic system for the extension boom system.
When these cylinders are in regenerative mode there is
no, or little, return flow. This should of course be taken
into account in the estimations of the return flow. The
control system may monitor the mode of the regenerative
cylinders (if they are in normal operation or regenerative
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operation mode) and the estimations of return flow may
be performed accordingly.
[0036] If it is determined by the control unit 28 that the
total return flow rate Rtot is equal to or above said pre-
determined return flow rate limit Rmax, the control unit
28 is configured to reduce the flow rate of the hydraulic
fluid into the cylinders 5, 6, 7 with a reduction ratio Red
such that the predetermined return flow rate limit Rmax
is not exceeded.
[0037] In a further developed embodiment, the control
unit 28 is also configured to calculate the rate V (meas-
ured, for example, in litres/seconds2, l/s2) with which the
total return flow approaches the predetermined return
flow rate limit Rmax. If it is determined by the control unit
28 that the total return flow rate approaches said prede-
termined return flow rate limit Rmax with a pace which
is above a predetermined pace limit Vmax, the control
unit 28 is configured to reduce the flow rate increase of
the hydraulic fluid into the cylinders with a reduction ratio
such that the predetermined return flow rate limit Rmax
is not exceeded. Preferably, the reduction of the flow rate
increase is applied in a predetermined flow rate range
close to the predetermined return flow rate limit.
[0038] The above-mentioned reduction ratio is equal
for all the cylinders.
[0039] Fig. 3 shows a flow chart in which an embodi-
ment of the method according to the invention is dis-
closed.
[0040] An embodiment of the method comprises the
following steps:

S1) deciding for each cylinder 5, 6, 7 if there is a flow
of fluid into that cylinder, and the rate of that flow, as
measured in, for example, litres per minute, by sens-
ing the control position of a manually operated ele-
ment 29, 30, 31 used for controlling the operation of
the working equipment by controlling the flow
through a control valve 25, 26, 27, which controls
the flow of hydraulic fluid into each cylinder 5, 6, 7,
and, or, by receiving input signals from the spool
position sensor (33, 34, 35) representing a displace-
ment of a spool of the control valve,
S2) deciding, for each cylinder 5, 6, 7, into which of
said first chambers 11, 12, 13 or second chambers
14, 15, 16 that the hydraulic fluid flows by sensing
the position of the manoeuvrable element 29, 30, 31,
and, or, by receiving input signals from the spool
position sensor (33, 34, 35) representing a displace-
ment of a spool of the control valve,
S3) calculating the return flow rate Ri for each cylin-
der 5, 6, 7 on basis of the information in a) and b)
and on basis of the area ration A1/A2 for each cyl-
inder 5, 6, 7,
S4) determining the total return flow rate Rtot by sum-
ming the return flow rates Ri of the respective cylin-
ders 5, 6, 7,
S5) comparing the total return flow rate Rtot with the
predetermined return flow rate limit Rmax, and

S6) goto S1 if Rtot≤Rmax, or
S7) if Rtot>Rmax, applying a reduction ratio corre-
sponding to Rtot/Rmax on the requested flow rate
indicated by the manually operated elements 29, 30,
31 such that Rtot≤Rmax.

[0041] Steps S1-S7 are repeated repeatedly during
operation of the crane comprising the hydraulic system
in order to make sure that Rmax is not exceeded. The
control unit 28 may be configured to allow occasional
exceeding of Rmax under special circumstances, but,
preferably, the inventive method is applied continually
during operation of the crane. Rmax is a predetermined
return flow rate limit. For a hydraulic system according
to the invention one or more return flow rate limits may
be defined, e.g. one limit that may be occasionally ex-
ceeded and one limit that should not be exceeded due
to risk of system failure. The reduction rate may be further
increased if it is estimated that the limit that should not
be exceeded is approached.
[0042] It is assumed that the pump 24 operates at con-
stant nominal effect. As an alternative to reducing a con-
trol signal from the manually operated elements 29, 30,
31 to their respective control valve with a reduction ratio
corresponding to the calculated Rtot/Rmax, the output
of the pump 24 could be reduced with a reduction ratio
corresponding to Rtot/Rmax.

Claims

1. A method of controlling a hydraulic system arranged
to operate a working equipment, wherein the hydrau-
lic system comprises

- a set of hydraulic cylinders (5, 6, 7), each cyl-
inder (5, 6, 7) being equipped with a piston (8,
9, 10) which is slidingly arranged in the cylinder
(5, 6, 7), wherein each piston (8, 9, 10) divides
its associated cylinder chamber into a first cham-
ber (11, 12, 13) and a second chamber (14, 15,
16), the first chamber (11, 12, 13) being provided
with a first port (17, 18, 19) through which hy-
draulic fluid is able to enter and to exit the first
chamber (11, 12, 13), and the second chamber
(14, 15, 16) being provided with a second port
(20, 21, 22) through which hydraulic fluid is able
to enter and to exit the second chamber (14, 15,
16),
- a tank (23) for housing hydraulic fluid,
- a pump (24) configured to pump hydraulic fluid
from the tank (23) to each cylinder,
- a set of hydraulic control valves (25, 26, 27),
one for each cylinder, each control valve (25,
26, 27) being configured to control a flow of hy-
draulic fluid from said pump (24) to either of the
first port (17, 18, 19) and the second port (20,
21, 22) of its associated cylinder and to simul-
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taneously allow a return flow from the other of
the first port (17, 18, 19) and second port (20,
21, 22) of its associated cylinder to the tank (23),
wherein said method is characterised in that
it comprises the steps of:
- determining the total return flow rate from said
cylinders (5, 6, 7) to the tank (23), and
- controlling the flow rate of hydraulic fluid to said
first or second port (17-22)) of the cylinders (5,
6, 7) on basis of the determined total return flow
rate, such that a predetermined return flow rate
limit is not exceeded.

2. A method according to claim 1, characterised in
that, for each cylinder the associated piston (8, 9,
10) has a first end surface area directed towards the
first chamber (11, 12, 13) and a second end surface
area directed towards the second chamber (14, 15,
16), and in that

- the step of determining the total return flow rate
comprises an estimation of the total return flow
rate on basis of information regarding the flow
rate of hydraulic fluid into each respective cylin-
der, on basis of information regarding into which
of the first and second chamber (14, 15, 16) of
the respective cylinder that the hydraulic fluid
flows, on basis of an area ratio between the first
end surface area and the second end surface
area of the piston (8, 9, 10) of the respective
cylinder.

3. A method according to claim 2, characterised in
that each control valve (25, 26, 27) is configured to
regulate the flow rate into its associated cylinder ei-
ther in a stepwise manner or in a step-less manner
between zero and maximum flow rate, and in that
the information regarding the flow rate of hydraulic
fluid into each respective cylinder is based on infor-
mation regarding a control position of each respec-
tive control valve (25, 26, 27), and that the method
comprises the step of identifying said control position
of the control valve (25, 26, 27).

4. A method according to claim 1 or 2, characterised
in that the hydraulic system comprises a user input
device (32) which comprises a manually operable
element (29, 30, 31) for operating the working equip-
ment, and that the flow rate through the respective
control valve (25, 26, 27) into each cylinder (5, 6, 7)
is determined on basis of the input from the manually
operated element.

5. A method according to any one of claims 1-4, char-
acterised in that, if it is determined that the total
return flow rate is equal to or above said predeter-
mined return flow rate limit, the flow rate of the hy-
draulic fluid into the cylinders (5, 6, 7) is reduced with

a reduction ratio such that the predetermined return
flow rate limit is not exceeded.

6. A method according to any one of claims 1-5, char-
acterised in that, if it is determined that the total
return flow rate approaches said predetermined re-
turn flow rate limit with a pace which is above a pre-
determined pace limit, and within a predetermined
flow rate range, the flow rate of the hydraulic fluid
into the cylinders (5, 6, 7) is reduced with a reduction
ratio such that the predetermined return flow rate
limit is not exceeded.

7. A method according to claim 5 or 6, characterised
in that said reduction ratio is equal for all the cylin-
ders (5, 6, 7).

8. A hydraulic system for operating a working equip-
ment, said hydraulic system comprising:

- a set of hydraulic cylinders (5, 6, 7), each cyl-
inder being equipped with a piston (8, 9, 10)
which is slidingly arranged in the cylinder,
wherein each piston (8, 9, 10) divides its asso-
ciated cylinder chamber into a first chamber (11,
12, 13) and a second chamber (14, 15, 16), the
first chamber (11, 12, 13) being provided with a
first port (17, 18, 19) through which hydraulic
fluid is able to enter and to exit the first chamber
(11, 12, 13), and the second chamber (14, 15,
16) being provided with a second port (20, 21,
22) through which hydraulic fluid is able to enter
and to exit the second chamber (14, 15, 16),
- a tank (23) for housing hydraulic fluid,
- a pump (24) configured to pump hydraulic fluid
from the tank (23) to each cylinder,
- a set of hydraulic control valves (25, 26, 27),
one for each cylinder, each control valve (25,
26, 27) being configured to control a flow of hy-
draulic fluid from said pump (24) to one of the
first port (17, 18, 19) and the second port (20,
21, 22) of its associated cylinder and to simul-
taneously allow a return flow from the other of
the first port (17, 18, 19) and second port (20,
21, 22) of its associated cylinder to the tank (23),
wherein said hydraulic system is characterised
in that it comprises:
- means for determining the total return flow rate
from said cylinders (5, 6, 7) to the tank (23), and
- a control unit (28) configured to control the flow
rate of hydraulic fluid to said first or second port
(17-22)) of the cylinders (5, 6, 7) on basis of the
determined total return flow rate, such that a pre-
determined return flow rate limit is not exceeded.

9. A hydraulic system according to claim 8, character-
ised in that, for each cylinder the associated piston
(8, 9, 10) has a first end surface area directed to-

11 12 



EP 3 763 949 A1

8

5

10

15

20

25

30

35

40

45

50

55

wards the first chamber (11, 12, 13) and a second
end surface area directed towards the second cham-
ber (14, 15, 16), and in that

- the means for determining the total return flow
rate comprises the control unit (28), which is
configured to estimate the total return flow rate
on basis of information regarding the flow rate
of hydraulic fluid into each respective cylinder,
on basis of information regarding into which of
the first and second chamber (14, 15, 16) of the
respective cylinder that the hydraulic fluid flows,
on basis of an area ratio between the first end
surface area and the second end surface area
of the piston (8, 9, 10) of the respective cylinder.

10. A hydraulic system according to claim 9, character-
ised in that in that each control valve (25, 26, 27)
is configured to regulate the flow rate into its asso-
ciated cylinder either in a stepwise manner or in a
step-less manner between zero and maximum flow
rate, and in that the means for determining the flow
rate of hydraulic fluid into each respective cylinder
comprises means for determining a control position
of each respective control valve (25, 26, 27).

11. A hydraulic system according to claim 8 or 9, char-
acterised in that it comprises a user input device
(32) which comprises a manually operable element
(29, 30, 31) for operating the working equipment,
and that the control unit (28) is configured to deter-
mine a position of the manually operable element
(29, 30, 31) and to estimate the flow through each
control valve (25, 26, 27) to its associated cylinder
(5, 6, 7) on basis thereof.

12. A hydraulic system according to any one of claims
9-11, characterised in that, if it is determined by
the control unit (28) that the total return flow rate is
equal to or above said predetermined return flow rate
limit, the control unit (28) is configured to reduce the
flow rate of the hydraulic fluid into the cylinders (5,
6, 7) with a reduction ratio such that the predeter-
mined return flow rate limit is not exceeded.

13. A hydraulic system according to any one of claims
9-12, characterised in that the control unit (28) is
configured to determine the rate with which the total
return flow approaches the predetermined return
flow rate limit, and that, if it is determined by the con-
trol unit (28) that the total return flow rate approaches
said predetermined return flow rate limit with a pace
which is above a predetermined pace limit, and with-
in a predetermined flow rate range, the control unit
(28) is configured to reduce the flow rate of the hy-
draulic fluid into the cylinders (5, 6, 7) with a reduction
ratio such that the predetermined return flow rate
limit is not exceeded.

14. A hydraulic system according to claim 12 or 13, char-
acterised in that said reduction ratio is equal for all
the cylinders (5, 6, 7).

15. A crane, characterised in that it comprises a hy-
draulic system according to any one of claims 8-14.
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