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(54) ADAPTIVE HYDRAULIC ACTUATOR CONTROL

(57) A method (100) of controlling a hydraulic ac-
tuator (10) of a working equipment (1), such as a for-
estry crane or a loader crane, the working equipment
comprising a movable arm (5) and said hydraulic actua-
tor (10) for moving the movable arm (5), the method
(100) comprising:
- providing (110), during a first time period (d1), a first
electrical input (inp1) to an electromagnetic actuator
(24) arranged to control a flow of hydraulic fluid to the

hydraulic actuator (10);
- obtaining (120) an electrical response (res1) that re-
sults from the first electrical input (inp1);
- determining (130) an adjustment value (adj1) based
on the electrical response (res1) and the first electrical
input (inp1); and
- applying (140), during a second time period (d2), the
adjustment value (adj1) to a second electrical input
(inp2) to the electromagnetic actuator (24).
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Description

Technical field

[0001] The present disclosure generally pertains to
controlling hydraulic actuators, and more in particular
to a method of controlling a hydraulic actuator of a
working equipment, and to a hydraulic valve assembly
for controlling a working equipment.

Background

[0002] Working equipment, such as loader cranes,
typically comprises a number of moving parts actuated
by hydraulic actuators. During operation of the working
equipment, an operator command is typically converted
into an electrical input that drives a solenoid-operated
valve, which controls a flow of hydraulic fluid to the
actuator.
[0003] One challenge is to convert the operator input
to a correct electrical input, e.g. due to variations in the
resistance of the solenoid. The patent publication
US20050211936A1 is based on feedback control that
continuously estimates the solenoid resistance and ad-
just a voltage setpoint accordingly. A current compen-
sation function comprises a first processing stage that
produces a proportional term, a second processing
stage that produces a feed forward term, and a third
processing stage that produces a derivative term.
[0004] Even though existing solutions generally per-
form satisfactorily, there remains room for improve-
ment, particularly with regard to achieving stable, pre-
cise, and consistent control of hydraulic actuators.

Summary

[0005] Objects of the present invention involve im-
proving prior-art hydraulic actuator control, in particular
with respect to efficiency, reliability, and accuracy. Im-
proved efficiency may relate to enhanced operator per-
formance, reduced energy consumption, and de-
creased mechanical wear.
[0006] The invention is exemplified through the em-
bodiments disclosed herein. In accordance with one
aspect, the present disclosure provides a method of
controlling a hydraulic actuator of a working equipment,
such as a forestry crane or machine or a loader crane.
The working equipment comprises a movable arm and
said hydraulic actuator for moving the movable arm.
The method comprises providing, during a first time
period, a first electrical input to an electromagnetic ac-
tuator arranged to control a flow of hydraulic fluid to the
hydraulic actuator, obtaining an electrical response that
results from the first electrical input, determining an ad-
justment value based on the electrical response and
the first electrical input, and applying, during a second
time period, the adjustment value to a second electrical
input to the electromagnetic actuator.

[0007] Advantages may involve ensured stable, pre-
cise, and predictable control of the movable arm. More-
over, ensured smooth control and improved feel of the
working equipment control may lead to time savings
and increased efficiency. Because there is no change
in control of the movable arm during the first time peri-
od - the adjustment value is applied to a second elec-
trical input, subsequent to the first electrical input - an
operator may experience consistent behaviour of the
working equipment during each operator action or com-
mand. The operator may thereby experience less fati-
gue and maintain a high focus during a working day.
[0008] Applying the adjustment value during a subse-
quent or second electrical input entails that the preci-
sion may be maintained or enhanced stepwise in be-
tween operator commands during a working day. Ear-
lier solutions, see e.g. US20050211936A1, instead
using continuous feedback, such as PI or PID control,
could suffer from vibration caused by noise in mea-
sured values, potentially leading to overshoots and un-
predictable speed in the movements of the movable
arm. By contrast, the present method may detect mo-
ments in which an operator holds an operator interface
device lever steady (even briefly) and during such mo-
ments collect reliable data for calculating the adjust-
ment value. Once an operator command ends and the
lever returns to its neutral position, the determined ad-
justment value may improve the accuracy of subse-
quent operator commands.
[0009] As compared to solutions similar to the one
disclosed in US20050211936A1, the present disclosure
may ensure precise and reliable control independently
of the lever deflection angle and the rate of lever de-
flection. Moreover, the avoidance of vibration may lead
to reduced energy consumption and mechanical wear.
[0010] By operator command is meant that the op-
erator actuates or manoeuvres the operator interface
device, e.g. deflects or tilts a lever or a joystick or
pushes a button, to achieve a desired movement of the
movable arm. A first operator command may define the
first time period, and a second operator command may
define the second time period. An operator command
may typically last from half a second to ten seconds. A
single operator command may comprise different lever
deflections, e.g. that the operator starts by moving the
lever to a first angle for starting the movement that the
command is addressing in a relatively slow speed and
then increasing the lever angle from the first angle to a
second angle to further increase the speed of the
movement that the command is addressing from the
initial relatively slow speed. A work task, such as lifting
a load from the ground and placing it onto a vehicle on
which the working equipment arrangement is mounted,
may typically comprise several discrete operator com-
mands.
[0011] A working equipment typically comprises a
number of hydraulic actuators and associated electro-
magnetic actuators. Multiple hydraulic actuators and
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electromagnetic actuators can be individually adapted
using the present method. Moreover, no separate test
signal or similar is required, the same input that drives
the electromagnetic actuator may also be used to de-
termine the adjustment value.
[0012] The first electrical input may be referred to as
a first electrical input signal. The electrical response
may be referred to as an electrical response signal.
The second electrical input may be referred to as a
second electrical input signal. The electrical response
that results from the first electrical input may be re-
ferred to as a first electrical response, or an electrical
response signal, or a first electrical response signal.
[0013] Optionally, the method comprises selecting a
set of first electrical inputs during the first time period,
which set satisfies a predetermined first validity criter-
ion. The method may involve monitoring the first elec-
trical input and selecting a set of first electrical inputs.
Typically, the first electrical input comprises a plurality
of discrete first electrical inputs separated in time. For
example, the selected set of first electrical inputs may
be 3 to 10 discrete first electrical inputs. The validity
criterion can be defined in a number of ways, for in-
stance based on the desired accuracy and the avail-
able computational capacity.
[0014] Optionally, the set of first electrical inputs sa-
tisfies the predetermined first validity criterion if a sta-
tistical deviation of the set of first electrical inputs is
below a first deviation threshold. Thus, the method
may involve calculating the corresponding statistical
deviation and comparing the calculated statistical de-
viation to a first deviation threshold.
[0015] Optionally, the method comprises assessing
whether a set of electrical responses that result from or
correspond to the set of first electrical inputs satisfies a
predetermined second validity criterion. Thus, a high
accuracy may be ensured by monitoring not only the
first electrical inputs but also the electrical responses.
An electrical response that results from the first electri-
cal input may be referred to as a first electrical re-
sponse. Analogously, the set of electrical responses
that result from or correspond to the set of first electri-
cal inputs may be referred to as the first set of electrical
responses.
[0016] Optionally, the set of electrical responses sa-
tisfies the predetermined second validity criterion if a
statistical deviation of the set of electrical responses is
below a second deviation threshold. The first and sec-
ond deviation thresholds may be equal, meaning that
the same validity criterion must be fulfilled by both the
set of first electrical inputs and the corresponding set of
electrical responses.
[0017] Optionally, determining an adjustment value
based on the electrical response and the first electrical
input comprises calculating a standard deviation of the
difference between the electrical response and the first
electrical input. Thus, determining the adjustment may
comprise evaluating a standard deviation of the differ-

ence between the electrical response and the first elec-
trical input. The method may comprise determining an
adjustment value based on the electrical response and
the first electrical input, only if the standard deviation of
said difference is below a standard variation threshold.
[0018] Optionally, the method comprises calculating
the adjustment value based on the first electrical input
and the electrical response that results from the first
electrical input.
[0019] Optionally, the method comprises monitoring
the first electrical input and selecting a set of first dis-
crete electrical inputs. Each discrete first electrical input
may be compared to some, e.g. one to three, preceding
first electrical inputs to select a set of first discrete elec-
trical inputs that may be used for determining the ad-
justment value.
[0020] Optionally, the set of first electrical inputs are
selected if they represent a substantially constant mag-
nitude for a certain duration, such as at least 1/10 sec-
ond. In other words, for example, if the operator stea-
dily actuates the operator interface device for a certain
duration, the method may determine the adjustment
value. Said duration may e.g. be at least 1/10 second,
at least 1/5 second, or at least 1/2 second.
[0021] Optionally, the method comprises identifying
an end of the first electrical input. Once the first electri-
cal input has ended, the method may comprise deter-
mining the adjustment value and applying it to a second
electrical input. Typically, the first and second electrical
inputs are separated in time.
[0022] Optionally, the method comprises identifying
an end of the first time period. The method may com-
prise identifying an end of the first time period when the
first electrical input ceases to cause a flow of hydraulic
fluid to the hydraulic actuator. The method may com-
prise identifying an end of the first time period when the
first electrical input no longer causes a flow of hydraulic
fluid to the hydraulic actuator.
[0023] Optionally, the method comprises applying the
adjustment value to the second electrical input only if
there is a predetermined time threshold between the
second electrical input and the first electrical input.
Thereby, the first and second electrical inputs may be
reliably distinguished from one another. The operator is
not to experience any alteration in control of the work-
ing equipment during an active time period. The prede-
termined time threshold may for example be at least
100 milliseconds, at least 250 milliseconds, or at least
500 milliseconds.
[0024] Optionally, the method comprises determining
an adjustment value based on the electrical response
and the first electrical input, only if a variation of the
electrical response is below a response variation
threshold and a variation of the first electrical input is
below an input variation threshold.
[0025] Optionally, the method comprises receiving a
first command and providing the first electrical input
based the on first command, then receiving a, sepa-
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rate, second command and providing the second elec-
trical input based on the second command and based
on the adjustment value. Optionally, if no adjustment
value has been determined from the first time period, a
neutral adjustment value may be used. The neutral ad-
justment value may be configured so as not to influ-
ence the second electrical input.
[0026] Optionally, providing the first electrical input
comprises providing a pulse width modulated input. An
advantage may be that a direct-current power source,
for instance a battery, efficiently may drive the electro-
magnetic actuator. Moreover, the same input that gen-
erates actuator movement can be used to determine
the adjustment value.
[0027] Optionally, obtaining the electrical response
comprises detecting an electrical quantity indicative of
a current through the electromagnetic actuator, such as
by measuring a voltage across a resistor in a return
path. This may be a relatively simple, reliable, and ac-
curate way of obtaining the electrical response.
[0028] Optionally, providing a first electrical input
comprises providing the first electrical input based on
an estimated resistance of the electromagnetic actua-
tor, and the adjustment value is applied to the second
electrical input to adjust that estimated resistance. This
may effectively compensate for temperature-dependent
changes in the electrical resistance of the electromag-
netic actuator. Advantageously, the present disclosure
allows for using a constant resistance during the first
time period. Then, during the second time period, the
same or and adjusted constant resistance is used. The
resistance of the electromagnetic actuator used during
the first time period may be referred to as a first resis-
tance or first estimated resistance. The resistance of
the electromagnetic actuator used during the second
time period may be referred to as a second resistance
or a second estimated resistance or an adjusted resis-
tance. The method may comprise adjusting or calibrat-
ing the resistance of the electromagnetic actuator by
means of the adjustment value. Thus, optionally, pro-
viding a first electrical input comprises providing the
first electrical input based on a first estimated resis-
tance of the electromagnetic actuator, and the adjust-
ment value may after the first time period be applied to
the first estimated resistance to obtain a second esti-
mated resistance, which is then used when providing a
second electrical input.
[0029] Optionally, the first command corresponds to
a first desired movement of the movable arm or a sec-
tion thereof, the second command corresponds to a
second desired movement of the movable arm or a
section thereof, and the adjustment value is determined
only if the first desired movement remains constant for
at least 1/10 second. Optionally, the adjustment value
is determined only if the first desired movement re-
mains constant for at least 1/5 second, or at least 1/2
second. As an alternative to not determining an adjust-
ment value, a preceding or a neutral adjustment value

may be used.
[0030] As has been mentioned, the same electrical
input that drives the electromagnetic actuator by means
of the hydraulic fluid flow may be used to determine the
adjustment value. However, the present method may
comprise providing a first electrical input to the electro-
magnetic actuator arranged to control a flow of hydrau-
lic fluid to the hydraulic actuator, wherein the first elec-
trical input is of a magnitude that does not cause hy-
draulic fluid flow to the hydraulic actuator. Such a first
electrical input, being of a magnitude that does not
cause hydraulic fluid flow to the hydraulic actuator,
may be referred to as an initial electrical input signal.
Advantages involve that the adjustment value may be
determined without hydraulic fluid flow to the hydraulic
actuator, i.e. without a movement of the movable arm.
The initial electrical input signal may e.g. be beneficial
for selecting an estimated resistance of the electromag-
netic actuator during start-up of the working equipment.
Typically, the method will involve both first electrical in-
puts of magnitudes that do not cause hydraulic fluid
flow to the hydraulic actuator, and first electrical inputs
of magnitudes that do cause hydraulic fluid flow to the
hydraulic actuator.
[0031] In accordance with a general aspect, the pre-
sent disclosure provides a method of controlling a hy-
draulic actuator of a working equipment that comprises
a movable arm and said hydraulic actuator for moving
the movable arm. The method comprises providing an
electrical input to an electromagnetic actuator arranged
to control a flow of hydraulic fluid to the hydraulic actua-
tor, obtaining an electrical response that results from
the electrical input, determining an adjustment value
based on the electrical response and the electrical in-
put, and applying the adjustment value to a subsequent
electrical input to the electromagnetic actuator. Thus,
for example, the aforementioned first electrical input
may simply be referred to as electrical input and the
aforementioned second electrical input may be referred
to as subsequent electrical input. Advantages and
further possible features correspond to those of the
above aspect.
[0032] In accordance with another aspect, the pre-
sent disclosure provides a computer program product
comprising instructions which, when executed by a pro-
cessor in or connected to a working equipment, cause
the processor to carry out the methods described here-
in.
[0033] In accordance with another aspect, the pre-
sent disclosure provides a non-transitory computer-
readable medium storing instructions which, when exe-
cuted by a processor in or connected to a working
equipment, cause the processor to carry out the meth-
ods described herein.
[0034] In accordance with another aspect, the pre-
sent disclosure provides a hydraulic valve assembly
for controlling a working equipment, such as a forestry
crane or a loader crane, that comprises a movable arm
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and a hydraulic actuator for moving the movable arm.
The hydraulic valve assembly comprises a valve spool
for controlling a flow of hydraulic fluid to the hydraulic
actuator, an electromagnetic actuator for moving the
valve spool, and a controller configured to provide a
first electrical input to the electromagnetic actuator, ob-
tain an electrical response resulting from the first elec-
trical input, determine an adjustment value based on
the electrical response and the first electrical input,
and apply the adjustment value to a second electrical
input to the electromagnetic actuator.
[0035] In accordance with another aspect, the pre-
sent disclosure provides a control system for controlling
a working equipment, such as a forestry crane or a
loader crane, that comprises a movable arm and a hy-
draulic actuator for moving the movable arm. The work-
ing equipment comprising a hydraulic valve assembly
that comprises a valve spool for controlling a flow of
hydraulic fluid to the hydraulic actuator and an electro-
magnetic actuator for moving the valve spool. The con-
trol system is configured to provide a first electrical in-
put to the electromagnetic actuator, obtain an electrical
response resulting from the first electrical input, deter-
mine an adjustment value based on the electrical re-
sponse and the first electrical input, and apply the ad-
justment value to a second electrical input to the elec-
tromagnetic actuator.
[0036] In accordance with another aspect, the pre-
sent disclosure provides a vehicle-mountable working
equipment comprising the control system or the hy-
draulic valve assembly. In accordance with another as-
pect, the present disclosure provides a forestry crane
comprising the control system or the hydraulic valve
assembly. The vehicle may typically be a truck, such
as a timber truck.
[0037] Further advantages and associated advanta-
geous features of the invention are disclosed in the
following description and defined in the dependent
claims.

Brief description of the drawings

[0038]

Figure 1 schematically illustrates a hydraulic valve
assembly for controlling a working equipment with
a hydraulic actuator, as well as a method of con-
trolling the hydraulic actuator.

Figure 2 shows an example of the working equip-
ment schematically illustrated in figure 1, in the
form of a vehicle-mountable forestry crane.

Figure 3 is a schematic diagram illustrating the hy-
draulic valve assembly of figure 1.

Figures 4a‑4c illustrate, with reference to the meth-
od and the assembly of figure 1, commands, elec-

trical inputs, electrical responses, and an adjust-
ment value, as respective functions of time.

Detailed description

[0039] Exemplifying embodiments of the methods
and apparatuses will now be described in detail with
references to the appended figures. A general inventive
concept of the present disclosure is to use an adjust-
ment value obtained from an electrical input and a re-
sulting electrical response to adjust a subsequent elec-
trical input. In other words, to adjust or modify a control
input based on a relationship between a previous con-
trol input and its resulting response.
[0040] Referring initially to figures 1 to 3, a method
100 of controlling a hydraulic actuator 10 of a working
equipment 1 is disclosed. As shown in figure 2, the
working equipment 1 may be a forestry crane mounted
to a partly depicted timber truck.
[0041] The working equipment 1 comprises a mova-
ble arm 5 and the hydraulic actuator 10 for moving the
movable arm 5. Referring to figure 2, the movable arm
5 may comprise a plurality of arm sections, pivot joints
or telescopic connections joining the arm sections, a
set of hydraulic actuators 10 for operating movements
of the arm sections, and a load manipulator (here ex-
emplified as a grapple) for engaging the undepicted
load (here typically a log) during the load handling. As
shown in figures 1 and 2, the present hydraulic actua-
tors 10 are hydraulic cylinders. An operator interface
device 7, adapted to be manoeuvred by an operator to
achieve a desired movement of the movable arm, is
shown in figures 2, 3 and 4a. The operator interface
device 7 may comprise a lever and/or joystick to control
the movements of the movable arm 5.
[0042] Moreover, the working equipment 1 typically
comprises or is connectable to a hydraulic pump,
shown at the bottom left in figure 1. The pump is in fluid
connection with a hydraulic actuator 10 via a hydraulic
valve assembly 20 that controls the flow of hydraulic
fluid from the pump and an undepicted fluid tank to the
hydraulic actuator. The illustrations of figures 1 and 3
are simplified to convey the principles of the present
disclosure. In a typical realization of the invention, there
are a plurality of double-acting hydraulic actuators 10
(see figure 2), each connected to at least two hydraulic
valve assemblies 20.
[0043] In more detail, referring still to figures 1 and 3,
the hydraulic valve assembly 20 comprises a valve
spool 22 for controlling a flow of hydraulic fluid to the
input of the hydraulic actuator 10 and electromagnetic
actuator 24 for moving the valve spool 22. There is a
controller 26 configured to provide a first electrical input
inp1 to the electromagnetic actuator 24, more precisely
to a solenoid of the electromagnetic actuator 24. There
controller 26 is configured to provide a first electrical
input inp1 to the solenoid of the electromagnetic actua-
tor 24 to control the position of the valve spool 22 which
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in turn controls the flow of hydraulic fluid, as is known
per se.
[0044] The controller 26 may typically control one or
more switching elements 28, such as field-effect tran-
sistors (FETs), to generate a pulse width modulated
voltage (PWM, 24 V or 0 V) that is applied to the elec-
tromagnetic actuator 24, see figure 3. In figure 1, no
switching elements 28 are illustrated, but merely the
controller 26. It is to be apprehended that the controller
26 and the switching elements 28, if the latter are re-
quired, may be provided as separate or integral compo-
nents.
[0045] Referring especially to the flowchart to the
right in figure 1 and to figures 4a-c, the controller 26 is
configured to obtain an electrical response res1 that
results from the first electrical input inp1. In the present
examples, obtaining the electrical response res1 may
comprise detecting an electrical quantity indicative of a
current through the electromagnetic actuator 24, more
precisely by measuring a voltage across a resistor R
that is connected on a return path from the electromag-
netic actuator 24. Figure 3 illustrates such a resistor,
and an amplifier A configured to facilitate measurement
by the controller 26 of the voltage across the resistor R.
To reduce losses, the resistor R is preferably a low-
ohmic resistor, such as one having a resistance of less
than 0.5 ohm.
[0046] Figure 4a illustrates a first command during a
first time period d1 and a second command during a
subsequent second time period d2. The dots of figures
4a and 4b indicate PWM pulses or sample values of the
controller 26. The individual dots are connected by
straight lines that show the progression. The horizon-
tally aligned dots before, between, and after the first
and second time periods d1, d2 represent periods with-
out any command.
[0047] As is best understood from figure 4b, the con-
troller 26 is configured to determine an adjustment va-
lue adj1 based on the electrical response res1 and the
first electrical input inp1. For example, the electrical
response res1 may be subtracted from the first electri-
cal input inp1 to obtain an error. The adjustment value
adj1 may be the error divided by the first electrical input
inp1.
[0048] Figures 4a and 4b show that the first electrical
input inp1 that results from the first command runs be-
hind, typically by a few tens of milliseconds up to ap-
proximately 50 milliseconds, the first command. The
(first) electrical response res1 that results from the first
electrical input inp1 in turn runs behind, typically by a
few tens of milliseconds up to approximately 50 millise-
conds, the first electrical input inp1.
[0049] Referring to figures 3 and 4b, the controller 26
is configured to apply the adjustment value adj1 to a
second electrical input inp2 to the electromagnetic ac-
tuator 24. Figure 4b shows that the electrical response
res2 that results from the second electrical input inp2 is
very close to the second electrical input inp2. Thus, the

adjustment value adj1 has served to correct the control
of the hydraulic actuator 10. Stated in other words, the
control of the hydraulic actuator has been calibrated.
[0050] Thus, referring to the flowchart to the right in
figure 1, figure 3, and to figures 4a-c, the present meth-
od 100 comprises providing, during a first time period
d1, a first electrical input inp1 to an electromagnetic
actuator 24 arranged to control a flow of hydraulic fluid
to the hydraulic actuator 10; obtaining an electrical re-
sponse res1 that results from the first electrical input
inp1; determining an adjustment value adj1 based on
the electrical response res1 and the first electrical input
inp1; and applying, during a second time period d2, the
adjustment value adj1 to a second electrical input inp2
to the electromagnetic actuator 24.
[0051] Determining the adjustment value adj1 based
on the electrical response res1 and the first electrical
input inp1 may comprise selecting a set of first electri-
cal inputs inp1s during the first time period d1. An ex-
emplifying selected set of first electrical inputs inp1s
are encircled in figure 4b. The selected set of first elec-
trical inputs may satisfy a predetermined first validity
criterion.
[0052] For example, the set of first electrical inputs
inp1s may satisfy the predetermined first validity criter-
ion if a statistical deviation of the set of first electrical
inputs inp1s is below a first deviation threshold.
[0053] Determining the adjustment value adj1 based
on the electrical response res1 and the first electrical
input inp1 may comprise assessing whether a set of
electrical responses res1s that correspond to the set of
first electrical inputs inp1s satisfies a predetermined
second validity criterion.
[0054] The set of electrical responses res1s may sa-
tisfy the predetermined second validity criterion if a sta-
tistical deviation of the set of electrical responses res1s
is below a second deviation threshold.
[0055] As has been described, determining the ad-
justment value adj1 based on the electrical response
res1 and the first electrical input inp1 may comprise
calculating the adjustment value based on the first elec-
trical input inp1 and the electrical response res1 that
results from the first electrical input inp1.
[0056] Determining the adjustment value adj1 based
on the electrical response res1 and the first electrical
input inp1 may comprise monitoring the first electrical
input inp1 and selecting a set of first electrical inputs,
i.e., a set of first discrete electrical inputs. In the exam-
ple of figure 4b, four first discrete electrical inputs form
a set of first electrical inputs.
[0057] The set of first electrical inputs may be se-
lected if they represent a substantially constant magni-
tude for a certain duration, such as at least 1/10 sec-
ond. Looking at the exemplified first and second elec-
trical inputs inp1, inp2 of figure 4b, the only discrete
electrical inputs that are of a substantially constant
magnitude are the encircled ones. Thus, during the
second command and the resulting second electrical
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input inp2 and response res2, no set of electrical inputs
has been selected. This means that the second com-
mand did not result in any determination of an adjust-
ment value.
[0058] Referring to figure 4a, the first and second
commands are separate from one another. Analo-
gously, the first and second time periods or durations
d1 and d2 are separate from one another. Correspond-
ingly, referring to figure 4b, the first and second electri-
cal inputs inp1, inp2 are separate from one another.
The method may comprise distinguishing the first and
second electrical inputs from one another by identifying
an end of the first electrical input. This may be per-
formed by identifying that the first electrical input inp1
returns to a certain value, such as the value zero. The
method may comprise distinguishing the first and sec-
ond time periods from one another by identifying an
end of the first time period. This may be performed by
identifying that the first electrical input inp1 ceases to
cause a flow of hydraulic fluid to the hydraulic actuator
10.
[0059] The method may comprise applying the ad-
justment value adj1 to the second electrical input inp2
only if there is a predetermined time threshold dt be-
tween the second electrical input d2 and the first elec-
trical input d1. A predetermined time threshold dt is
indicated in figure 4b. The predetermined time thresh-
old dt may be set to a time period that is small enough
to catch as many separate commands as possible but
long enough to make sure that there is a separation
between the first and second command, i.e. to make
sure that first and second commands are individual
commands where there is a period of no wanted move-
ment for the hydraulic actuator in question.
[0060] As has been described, the working equip-
ment 1 may be adapted to receive a command com,
such as an operator command from the operator inter-
face device 7. The method 100 may comprise receiving
a first command com1 and, in response thereto, pro-
vide the first electrical input inp1 to the electromagnetic
actuator 24. The method 100 may comprise receiving a
second command com2 and, in response thereto, pro-
vide the second electrical input inp2 to the electromag-
netic actuator 24. Importantly, the method comprises to
in addition base the second command com2 on the
adjustment value adj1.
[0061] Providing the first electrical input inp1 to the
electromagnetic actuator 24 may comprise providing
the first electrical input inp1 that is calculated based on
an estimated resistance of the electromagnetic actuator
24, and the adjustment value adj1 is applied to the
second electrical input inp2 to adjust said estimated
resistance. In other words, the method may involve ad-
justing or calibrating a resistance or a resistance value.
In figure 4c, the estimated resistance, which may be
referred to as a first resistance, is denoted r1. In the
same figure, the adjustment or calibration of the first
resistance r1 by means of the (first) adjustment value

adj1 is indicated. The adjusted or calibrated resistance
may be referred to as a second resistance and is de-
noted r2.
[0062] The first command com1 may correspond to a
first desired movement of the movable arm 5, and the
second command com2 may correspond to a second
desired movement of the movable arm 5. Determining
the adjustment value adj1 based on the electrical re-
sponse res1 and the first electrical input inp1 may be
performed only if the first command com1 comprises a
first desired constant movement of the movable arm 5.
A first desired constant movement of the movable arm
5 may be a movement that remains constant for at least
1/10 second. As has been mentioned, the movable arm
5 typically comprises a number of arm sections and a
number of hydraulic actuators 10 for moving the arm
sections. The constant movement of the movable arm
5 may be a movement of one section of the movable
arm, obtained by one hydraulic actuator 10.
[0063] The methods described herein are typically
computer-implemented and thus a computer program
product may comprise instructions which, when exe-
cuted by a processor comprised in or connected to the
working equipment 1, cause the processor to carry out
the methods described herein. Moreover, a non-transi-
tory computer-readable medium may store instructions
which, when executed by a processor comprised in or
connected to the working equipment 1, cause the pro-
cessor to carry out the methods described herein.
[0064] The methods may also be applied to, and the
hydraulic valve assembly may also be comprised in, a
skip loader, a recycling crane, a hooklift, a forklift, and a
tail lift.
[0065] The first electrical input, the electrical re-
sponse and the second electrical input are typically, as
exemplified above, currents. The currents result from
the voltage applied as PWM. A method in accordance
with the present disclosure may be expressed as pro-
viding a target drive current to an electromagnetic ac-
tuator arranged to control a flow of hydraulic fluid to the
hydraulic actuator, obtaining an actuator current that
results from the target drive current, determining an
adjustment value based on the target drive current and
the actuator current; and applying the adjustment value
to a subsequent target drive current.
[0066] It is to be understood that the invention is not
limited to the particular embodiments and examples il-
lustrated in the drawings and described herein; instead,
it encompasses all modifications and variations within
the scope of the appended claims. The actions of meth-
ods disclosed herein may be expressed either in the
gerund form (e.g. providing, obtaining) or in the infinite
form (e.g. to provide, to obtain).

Claims

1. A method (100) of controlling a hydraulic actuator
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(10) of a working equipment (1), such as a forestry
crane or a loader crane, the working equipment
comprising a movable arm (5) and said hydraulic
actuator (10) for moving the movable arm (5), the
method (100) comprising:

- providing (110), during a first time period (d1),
a first electrical input (inp1) to an electromag-
netic actuator (24) arranged to control a flow of
hydraulic fluid to the hydraulic actuator (10);
- obtaining (120) an electrical response (res1)
that results from the first electrical input (inp1);
- determining (130) an adjustment value (adj1)
based on the electrical response (res1) and
the first electrical input (inp1); and
- applying (140), during a second time period
(d2), the adjustment value (adj1) to a second
electrical input (inp2) to the electromagnetic
actuator (24).

2. The method of claim 1, wherein determining (130)
an adjustment value (adj 1) based on the electrical
response (res1) and the first electrical input (inp1)
comprises selecting (132) a set of first electrical
inputs (inp1s) during the first time period (d1),
which set of first electrical inputs (inp1s) satisfies a
predetermined first validity criterion.

3. The method of claim 2, wherein the set of first elec-
trical inputs (inp1s) satisfies the predetermined first
validity criterion if a statistical deviation of the set of
first electrical inputs (inp1s) is below a first devia-
tion threshold.

4. The method of claim 2 or 3, wherein determining
(130) an adjustment value based on the electrical
response (res1) and the first electrical input (inp1)
comprises assessing (134) whether a set of electri-
cal responses (res1s) that correspond to the set of
first electrical inputs (inp1s) satisfies a predeter-
mined second validity criterion.

5. The method of any preceding claim, wherein deter-
mining (130) an adjustment value based on the
electrical response (res1) and the first electrical in-
put (inp1) comprises calculating a standard devia-
tion of the difference between the electrical re-
sponse (res1) and the first electrical input (inp1).

6. The method of any preceding claim, comprising,
when the first electrical input (inp1) ceases to
cause a flow of hydraulic fluid to the hydraulic ac-
tuator (10), identifying an end of the first time peri-
od (d1).

7. The method of any preceding claim, wherein the
working equipment (1) is adapted to receive a com-
mand (com), such as an operator command from

an operator interface device (7), the method (100)
comprising

- receiving (105) a first command (com1);
- providing (110), during the first time period
(d1), the first electrical input (inp1) to the elec-
tromagnetic actuator (24), the first electrical in-
put (inp1) being based on the first command
(com1);
- receiving (135) a second command (com2);
and
- providing (150), during the second time peri-
od (d2), the second electrical input (inp2) to
the electromagnetic actuator (24), the second
electrical input (inp2) being based on the sec-
ond command (com2) and the adjustment va-
lue (adj 1).

8. The method of any preceding claim, wherein pro-
viding (110) a first electrical input (inp1) to an elec-
tromagnetic actuator (24) comprises providing a
pulse width modulated (PWM) first electrical input
(inp1).

9. The method of any preceding claim, wherein ob-
taining an electrical response (120) comprises de-
tecting an electrical quantity indicative of a current
through the electromagnetic actuator (24), for ex-
ample by measuring a voltage across a resistor (R)
that is connected on a return path from the electro-
magnetic actuator (24).

10. The method of any preceding claim, wherein pro-
viding a first electrical input (inp1) to the electro-
magnetic actuator (24) comprises providing a first
electrical input (inp1) that is calculated based on an
estimated resistance of the electromagnetic actua-
tor (24), and the adjustment value (adj1) is applied
to the second electrical input (inp2) to adjust said
estimated resistance.

11. The method according to each one of claims 7 to
10, wherein:

the first command (com1) corresponds to a
first desired movement of the movable arm (5);
the second command (com2) corresponds to a
second desired movement of the movable arm
(5); and
determining (130) the adjustment value (adj1)
based on the electrical response (res1) and
the first electrical input (inp1), only if the first
command (com1) corresponds to a first de-
sired movement of the movable arm (5) that
remains constant for at least 1/10 second.

12. A computer program product comprising instruc-
tions which, when executed by a processor com-
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prised in or connected to a working equipment (1),
cause the processor to carry out the method (100)
of any preceding claim.

13. A non-transitory computer-readable medium stor-
ing instructions which, when executed by a proces-
sor comprised in or connected to a working equip-
ment (1), cause the processor to carry out the
method (100) according to any of claims 1 to 11.

14. A hydraulic valve assembly (20) for controlling a
working equipment (1), such as a forestry crane or
a loader crane, that comprises a movable arm (5)
and a hydraulic actuator (10) for moving the mova-
ble arm (5), the hydraulic valve assembly (20) com-
prising a valve spool (22) for controlling a flow of
hydraulic fluid to the hydraulic actuator (10), an
electromagnetic actuator (24) for moving the valve
spool (22), and
a controller (26) configured to:

- provide a first electrical input (inp1) to the
electromagnetic actuator (24);
- obtain an electrical response (res1) that re-
sults from the first electrical input (inp1);
- determine an adjustment value (adj1) based
on the electrical response (res1) and the first
electrical input (inp1); and
- apply the adjustment value (adj1) to a second
electrical input (inp2) to the electromagnetic
actuator (24).

15. A vehicle-mountable working equipment (1) com-
prising the hydraulic valve assembly (20) of claim
14.
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