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(57) There is provided a controller (320) for a hydrau-
lic machine (310), the hydraulic machine (310) in a hy-
draulic circuit including a hydraulic actuator, having a ro-
tatable shaft in driven engagement with a prime mover,
and defining a plurality of working chambers in the hy-
draulic circuit, each working chamber being defined par-
tially by a movable working surface mechanically coupled
to the rotatable shaft, such that, in operation, the hydrau-
lic machine (310) exchanges energy with the hydraulic
circuit and the prime mover by movement of the working
surfaces and the rotatable shaft. The controller (320) is
configured to: receive a movement input signal indicative
of a demand to move the hydraulic actuator; determine
a hydraulic machine control signal depending on the
movement input signal and a fluctuation input signal; and
control the hydraulic machine (310) to exchange hydrau-
lic fluid with the hydraulic circuit in accordance with the
hydraulic machine control signal to cause movement of
the hydraulic actuator in accordance with the movement
input signal and the fluctuation input signal.
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Description

Field of the invention

[0001] The present invention relates to a controller for
a hydraulic machine, and to a hydraulic apparatus.

Background to the invention

[0002] In several industrial applications, it can be ben-
eficial to introduce vibration into moving mechanical com-
ponents to improve efficacy. For example, in an excava-
tor, vibration of the bucket can improve the emptying of
the bucket of dirt or soil, or can improve the ability of the
edge of the bucket to penetrate into a region of material
to be excavated.
[0003] It is known to introduce the vibration manually,
for example by an operator alternating the direction of
requested movement of the mechanical component. In
other examples, a dedicated vibration component can be
used which is arranged to introduce a required vibration
to the movement of the mechanical component.
[0004] It is in this context that the present inventions
have been devised.

Summary of the invention

[0005] In accordance with an aspect of the present in-
ventions, there is provided a controller for a hydraulic
machine, the hydraulic machine in a hydraulic circuit in-
cluding a hydraulic actuator, having a rotatable shaft in
driven engagement with a prime mover, and defining a
plurality of working chambers in the hydraulic circuit.
Each working chamber is defined partially by a movable
working surface mechanically coupled to the rotatable
shaft, such that, in operation, the hydraulic machine ex-
changes energy with the hydraulic circuit and the prime
mover by movement of the working surfaces and the ro-
tatable shaft. The controller is configured to: receive a
movement input signal indicative of a demand to move
the hydraulic actuator; determine a hydraulic machine
control signal depending on the movement input signal
and a fluctuation input signal; and control the hydraulic
machine to exchange hydraulic fluid with the hydraulic
circuit in accordance with the hydraulic machine control
signal to cause movement of the hydraulic actuator in
accordance with the movement input signal and the fluc-
tuation input signal.
[0006] Thus, the hydraulic machine is controlled taking
into account both the movement input signal indicative
of the demand to move the hydraulic actuator, as well as
the fluctuation input signal. Operation of the hydraulic
machine causes the hydraulic actuator to move in ac-
cordance with both the movement input signal and the
fluctuation input signal. Accordingly, the fluctuation in the
movement of the hydraulic actuator can be caused by
controlling the operation of the hydraulic machine, rather
than through a separate component to introduce the fluc-

tuation in movement, or through a manual fluctuation in-
troduced by an operator directly when generating the
movement input signal. As a result, fluctuation in the
movement of the hydraulic actuator can be achieved us-
ing a system having fewer components and/or without
requiring constant fluctuation of the input provided by an
operator.
[0007] It will be understood that a fluctuation input sig-
nal is typically any signal indicative of a demand to cause
a deviation in the movement of the hydraulic actuator,
during the movement (including where the demanded
movement is zero) of the hydraulic actuator in accord-
ance with the movement input signal. The deviation may
be a controlled deviation. Initiating or stopping the fluc-
tuation input signal may be used to control an onset of
deviation, and initiating or stopping the signal may be
used to control a ceasing of deviation in the movement.
The deviation may be sustained for a significant time.
The deviation may be an oscillation.
[0008] In some examples, the controller may be con-
figured to receive the fluctuation input signal. In other
examples, the fluctuation input signal may be determined
by the controller depending on the movement input sig-
nal. The fluctuation input signal may be determined de-
pending one or more state signals indicative of a state
of the hydraulic actuator.
[0009] Typically, if the fluctuation input signal is indic-
ative of a demand to cause a deviation in the movement
of the hydraulic actuator during the movement of the hy-
draulic actuator in accordance with the movement input
signal, the control of the hydraulic machine to exchange
hydraulic fluid with the hydraulic circuit in accordance
with the hydraulic machine control signal may be different
than if no demand to cause the deviation in the movement
is present.
[0010] The hydraulic machine control signal may be a
fluctuating signal. Thus, it may be that the hydraulic ma-
chine is controlled to exchange hydraulic fluid with the
hydraulic circuit in accordance with the fluctuation input
signal.
[0011] The present invention extends to a hydraulic
apparatus comprising the controller. The hydraulic ap-
paratus may further comprise: a prime mover; a hydraulic
circuit; a hydraulic machine having a rotatable shaft in
driven engagement with the prime mover and defining a
plurality of working chambers in the hydraulic circuit,
each working chamber being defined partially by a mov-
able working surface mechanically coupled to the rotat-
able shaft, such that, in operation, the hydraulic machine
exchanges energy with the hydraulic circuit and the prime
mover by movement of the working surfaces and the ro-
tatable shaft; and a hydraulic actuator in the hydraulic
circuit.
[0012] The hydraulic machine may exchange energy
with the hydraulic circuit by displacing working fluid from
at least one of the plurality of working chambers into the
hydraulic circuit, or from the hydraulic circuit into at least
one of the plurality of working chambers.
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[0013] The hydraulic apparatus may include one or
more valves in the hydraulic circuit, for controlling routing
of hydraulic fluid through the hydraulic circuit. The hy-
draulic apparatus may include one or more further hy-
draulic actuators in the hydraulic circuit. The hydraulic
apparatus may include one or more further hydraulic ma-
chines in the hydraulic circuit.
[0014] The hydraulic apparatus may further comprise
a first input interface for receiving a first user input and
configured to provide a movement input signal to the con-
troller depending thereon. The movement input signal
may be indicative of a demand to move the hydraulic
actuator. Thus, an operator can use the first input inter-
face to supply the first user input to request that the hy-
draulic actuator moves. It will be understood that the fluc-
tuation input signal is typically not determined using the
first input interface.
[0015] The hydraulic apparatus may further comprise
a second input interface for receiving a second user input
and configured to provide a fluctuation input signal to the
controller depending thereon. The fluctuation input signal
may be indicative of a demand to cause a deviation in
the movement of the hydraulic actuator during the move-
ment of the hydraulic actuator in accordance with the
movement input signal. Thus, it may be that the operator
uses the second input interface to supply the second user
input to cause a deviation in the movement of the hy-
draulic actuator. In particular, the operator can separately
supply the first user input and the second user input, with
the second user input only being used to cause fluctua-
tion of the movement of the hydraulic actuator.
[0016] The second input interface may be separate
from the first input interface. The second input interface
may comprise a button. It may be that the second input
interface is configured to provide the fluctuation input sig-
nal only whilst operated. In other examples, it may be
that the second input interface is configured to provide
the fluctuation input signal for a pre-determined time from
operation of the second input interface. The second input
interface may be configured to provide the fluctuation
input signal only whilst the first user input is not provided
to the first input interface.
[0017] The fluctuation input signal may be indicative
of a demand to cause an alternating variation in the move-
ment of the hydraulic actuator. Thus, it may be that at a
first time during the movement of the hydraulic actuator
in accordance with the movement input signal and the
fluctuation input signal, the variation in movement of the
hydraulic actuator is in a first sense away from the de-
manded movement (where that demanded movement
may be zero) indicated by the movement input signal,
and at a second time during the movement of the hydrau-
lic actuator in accordance with the movement input signal
and the fluctuation input signal, the variation in movement
of the hydraulic actuator is in a second sense, and said
variation may be in position or velocity or acceleration,
and is opposite from the first sense, and also away from
the demanded movement indicated by the movement in-

put signal. The variation in the movement may alternate
between being sometimes in the first sense and some-
times in the second sense. This alternation may be sus-
tained for a significant period of time, such that the hy-
draulic actuator changes its variation multiple repeated
times. In other words, it can be considered that the ac-
tuated component of the hydraulic actuator is caused to
oscillate or vibrate. This can sometimes be referred to
as dither.
[0018] A frequency of the alternating variation may be
greater than 0.5 hertz. The frequency may be less than
50 hertz. The frequency may be between 1 and 20 hertz.
[0019] The hydraulic actuator may be a linear actuator.
In other examples, the hydraulic actuator may be a rotary
actuator, such as a wheel motor.
[0020] As described hereinbefore, the movement input
signal may be directly proportional to the first user input
received via the first input interface. Alternatively, the
movement input signal may be indirectly related to the
first user input via another control method such as a pres-
sure control loop. It may be that operation of the first input
interface opens a valve, which thus changes the pressure
in the system, which causes a change in the pressure
control loop, whose output is the movement input signal.
[0021] The hydraulic actuator may have a first actuator
chamber fluidly connected to a first working chamber of
the hydraulic machine and a second actuator chamber,
opposing the first actuator chamber. External hydraulic
actuator force arising from supply of pressurised fluid to
the first actuator chamber counteracts and is antagonistic
to external force arising from pressure in the second ac-
tuator chamber. Thus, the hydraulic actuator can be
moved in opposite senses depending on the relative
pressures of the first actuator chamber and the second
actuator chambers.
[0022] It may be that the first working chamber is part
of a first group of working chambers, configured to oper-
ate as one of a pump and a motor, and that the second
actuator chamber is fluidly connected to a second cham-
ber of the hydraulic machine. The second working cham-
ber may be part of a second group of working chambers
configured to operate as the other one of a pump and a
motor, different to the first group of working chambers.
[0023] The second working chamber may be fluidly
connected to a further hydraulic machine. The further
hydraulic machine may be a pump, a motor or a
pump/motor.
[0024] The second chamber may be fluidly connected
to a fluid reservoir via a throttle valve. The fluid reservoir
may be a low pressure fluid reservoir, such as an atmos-
pheric pressure fluid reservoir.
[0025] The linear actuator may be a double-acting ram.
[0026] The hydraulic apparatus may be configured to
determine the fluctuation input signal depending on de-
termining that the linear actuator is at an end-position of
possible movement. Thus, the deviation in the movement
of the hydraulic actuator can cause the hydraulic actuator
to introduce the deviation movement automatically at the
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end-stops of the linear actuator’s available range of
movement. For example, where the linear actuator is
moving a bucket of an excavator, the bucket can be
caused to shake to improve emptying of material from
the bucket. The hydraulic apparatus may be configured
to detect a position of the linear actuator, and to deter-
mine the fluctuation input signal depending on the de-
tected position. The position of the linear actuator may
be determined by detecting a pressure indicative of the
ram being at the end-stop.
[0027] In an example where the hydraulic apparatus
is an excavator, a limit switch may be provided associated
with the actuator and/or a component connected thereto
(such as a bucket). The apparatus may be configured
such that when the actuator is at a position indicative of
the end of the bucket’s travel, the limit switch is actuated,
and thereby causes determination of the fluctuation input
signal to cause the deviation movement.
[0028] In another example, it may be that when the
bucket hits it’s end-stop, the load increases, and thus the
average pressure (over a period of time e.g. 50ms, or
number of samples e.g. 100 samples) in the hydraulic
machine is increased. This effect can be used, in a similar
way to the limit switch, to cause determination of the fluc-
tuation input signal. Specifically, the increase in pressure
can be detected by a pressure sensor (or equivalent
means such as using electrical signals generated from
a valve solenoid) of the hydraulic apparatus to determine
a pressure-related reading for causing determination of
the fluctuation input signal when the pressure-related
reading satisfies a predetermined threshold.
[0029] The invention may relate particularly to elec-
tronically commutated hydraulic machines which inter-
sperse active cycles of working chamber volume, where
there is a net displacement of hydraulic working fluid,
with inactive cycles of working chamber volume, where
there is no net displacement of hydraulic working fluid
between the working chamber and the hydraulic circuit,
to achieve a demanded fractional displacement. Typical-
ly, the majority or all of the active cycles are full stroke
cycles, in which the working chambers displace a prede-
termined maximum displacement of working fluid by suit-
able control of the timing of valve actuation signals. It is
also known to regulate low- and optionally high-pressure
valves of one or more of the plurality of working chambers
to regulate the fraction of maximum displacement made
during an active cycle by operating so-called part stroke
cycles.
[0030] The controller may be configured (e.g. pro-
grammed) to control the low- and optionally high-pres-
sure valves of the working chambers to cause each work-
ing chamber to carry out either an active or an inactive
cycle of working chamber volume during each cycle of
working chamber volume.
[0031] By ’active cycles’ we refer to cycles of working
chamber volume which make a net displacement of work-
ing fluid. By ’inactive cycles’ we refer to cycles of working
chamber volume which make no net displacement of

working fluid (typically where one or both of the low-pres-
sure valve and high-pressure valve remain closed
throughout the cycle). Typically, active and inactive cy-
cles are interspersed to meet the demand indicated by
the demand signal. This contrasts with machines which
carry out only active cycles, the displacement of which
may be varied.
[0032] The demand signal for one or more working
chambers of the hydraulic machine is typically processed
as a ’displacement fraction’, Fd, being a target fraction
of maximum displacement of working hydraulic fluid per
rotation of the rotatable shaft. A demand expressed in
volumetric terms (volume of working hydraulic fluid per
second) can be converted to displacement fraction taking
into account the current speed of rotation of the rotatable
shaft and the number of working chambers connected in
a group to the same high pressure manifold and one or
more hydraulic components (e.g. the hydraulic actuator)
of the hydraulic apparatus. The demand signal relates to
a demand for the combined fluid displacement of the
group of one or more working chambers fluidically con-
nected to the said one or more hydraulic components of
the hydraulic apparatus via the hydraulic circuit. There
may be other groups of one or more working chambers
fluidically connected to one or more other hydraulic com-
ponents having respective demand signals.
[0033] It may be that at least the low-pressure valves
(optionally the high-pressure valves, optionally both the
low-pressure valves and the high-pressure valves) are
electronically controlled valves, and the controller or a
further controller is configured to control the (e.g. elec-
tronically controlled) valves in phased relationship with
cycles of working chamber volume to thereby determine
the net displacement of hydraulic fluid by each working
chamber on each cycle of working chamber volume. The
method may comprise controlling the (e.g. electronically
controlled) valves in phased relationship with cycles of
working chamber volume to thereby determine the net
displacement of hydraulic fluid by each working chamber
on each cycle of working chamber volume.
[0034] Groups of one or more working chambers may
be dynamically allocated to respective groups of one or
more hydraulic components in the hydraulic circuit (e.g.
the hydraulic actuator) to thereby change which one or
more working chambers are connected to (e.g. a group
of) hydraulic components, for example by opening or
closing electronically controlled valves (e.g. high-pres-
sure valves and low-pressure valves, described herein),
e.g. under the control of a controller. Groups of (e.g. one
or more) working chambers may be dynamically allocat-
ed to (respective) groups of (e.g. one or more) hydraulic
components to thereby change which working chambers
of the machine are coupled to which hydraulic compo-
nents, for example by opening and/or closing (e.g. elec-
tronically controlled) valves, e.g. under the control of the
or a further controller. The net displacement of hydraulic
fluid through each working chamber (and/or each hydrau-
lic component) can be regulated by regulating the net
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displacement of the working chamber or chambers which
are connected to the hydraulic component or compo-
nents. Groups of one or more working chambers are typ-
ically connected to a respective group of one or more
said hydraulic components through a said manifold.
[0035] It may be that the rate of flow of hydraulic fluid
accepted by, or output by, each working chamber is in-
dependently controllable. It may be that the flow of hy-
draulic fluid accepted by, or produced by each working
chamber can be independently controlled by selecting
the net displacement of hydraulic fluid by each working
chamber on each cycle of working chamber volume. This
selection is typically carried out by the controller.
[0036] Typically, the hydraulic machine is operable as
a pump, in a pump operating mode or is operable as a
motor in a motor operating mode. It may be that some of
the working chambers of the hydraulic machine may
pump (and so some working chambers may output hy-
draulic fluid) while other working chambers of the hydrau-
lic machine may motor (and so some working chambers
may input hydraulic fluid).
[0037] In some examples, where a first group of the
working chambers are configured to act as a pump, and
a second group of the working chambers are configured
to act as a motor, it may be that at least one of the first
group of working chambers is configured to be connected
to a first side of the hydraulic actuator, to supply hydraulic
fluid to the first side of the hydraulic actuator. At least one
of the second group of working chambers may be con-
figured to be connected to a second side of the hydraulic
actuator (e.g. opposite the first side), to receive hydraulic
fluid from the second side of the hydraulic actuator. The
controller may be configured to cause the supply of hy-
draulic fluid having a first time-varying fluid flow rate to
the first side of the hydraulic actuator, and to cause re-
ceipt of hydraulic fluid having a second time-varying fluid
flow rate from the second side of the hydraulic actuator.
It may be that the first time-varying fluid flow rate is con-
figured to be out of phase with the second time-varying
fluid flow rate. Thus, oscillation can be introduced into
the movement of the hydraulic actuator. Where at least
a portion of the first and second time-varying fluid flow
rates can be considered to be sinusoidal, the phase dif-
ference may be between 45 degrees and 315 degrees,
for example approximately 180 degrees.
[0038] It will be understood that although the first group
of working chambers have been described as being con-
figured to function as a pump, and the second group of
working chambers have been described as being con-
figured to function as a motor, it may be the other way
around, in that the first group of working chambers may
be configured to function as the motor and the second
group of working chambers may be configured to function
as the pump, such that the hydraulic actuator moves in
the opposite direction. In some examples, it may even
be that both the first group of working chambers and the
second group of working chambers are both configured
to function as a pump, or separately both configured to

function as a motor. In this case, it may be that there is
no net movement of the actuator, but, due to the first and
second time-varying fluid flow rates being mutually out
of phase, oscillation can be introduced into the movement
of the hydraulic actuator.
[0039] The hydraulic machine may be an electronically
commutated hydraulic machine, in which the displace-
ment of hydraulic fluid through the working chambers is
regulated by electronically controllable valves.
[0040] The hydraulic machine may be a variable dis-
placement hydraulic machine. The hydraulic machine
may be a pump. The hydraulic machine may be a motor.
The hydraulic machine may be a pump/motor.
[0041] The controller may be configured to determine
the hydraulic machine control signal by determining a
first signal depending on the fluctuation input signal, and
a second signal depending on the movement input signal.
The controller may be configured to combine the first
signal and the second signal to provide a combined
movement input signal, and to determine the hydraulic
machine control signal depending on the combined
movement input signal. Thus, the movement input signal
may be modified based on the fluctuation input signal by
combining the first signal with the second signal. In some
examples, it may be that the first signal is combined with
the second signal by summation.
[0042] The controller may be configured to modify the
hydraulic machine control signal to cause resonance in
the portion of the hydraulic apparatus moved by the hy-
draulic actuator (i.e. that is physically connected in some
way to the machine in some way). Thus, it will be under-
stood that a resonant frequency of the portion of the hy-
draulic apparatus movable by the hydraulic actuator may
be exploited to cause the fluctuation in the movement of
the hydraulic actuator by only a very small fluctuation in
the flow rate of hydraulic fluid exchanged between the
hydraulic machine and the hydraulic circuit.
[0043] The controller may be configured to determine
one or more resonance hydraulic machine control signals
known to cause resonance. There will for example be a
few of these signals, for each machine speed. Thus, the
one or more hydraulic machine control signals that cause
resonance of the portion of the hydraulic apparatus
moved by the hydraulic actuator can be determined. The
controller may be configured to cause movement of the
hydraulic actuator at a speed closest to the demanded
movement of the hydraulic actuator compared to any oth-
er movement of the hydraulic actuator known to cause
resonance. To modify the hydraulic machine control sig-
nal, the hydraulic machine control signal may be set to
the resonance hydraulic machine control signal.
[0044] The controller may be configured to determine
a first hydraulic machine control signal. The first hydraulic
machine control signal can be used to control the hydrau-
lic machine to cause a first movement of the hydraulic
actuator, less than the demanded movement (e.g. posi-
tion, velocity, or acceleration), and known to cause res-
onance. The controller may be further configured to de-
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termine a second hydraulic machine control signal. The
second hydraulic machine control signal can be used to
control the hydraulic machine to cause movement of the
hydraulic actuator greater than the demanded movement
and known to cause resonance. To modify the hydraulic
machine control signal, the hydraulic machine control sig-
nal may be set to the first hydraulic machine control signal
at a first time, changed to the second hydraulic machine
control signal at a second time, and further changed back
to the first hydraulic machine control signal at a third time.
Thus, the hydraulic machine control signal can be dith-
ered between the first hydraulic machine control signal
and the second hydraulic machine control signal to cause
fluctuation in the movement of the hydraulic actuator rel-
ative to the demanded movement. In some examples, it
may be that only one of the first and second hydraulic
machine control signals are known to cause resonance.
[0045] The controller may modulate the hydraulic ma-
chine control signal between the first hydraulic machine
control signal and the second hydraulic machine control
signal in such a proportion that the hydraulic actuator
moves, on average, in accordance with the demand to
move the hydraulic actuator. Thus, the hydraulic machine
control signal may be set to the first hydraulic machine
control signal for a first proportion of time, to cause move-
ment of the hydraulic actuator at a first average rate and
to the second hydraulic machine control signal for a sec-
ond proportion of time, to cause movement of the hy-
draulic actuator at a second average rate. Typically, the
first average rate for the first proportion of time combined
with the second average rate for the second proportion
of time is equivalent to the rate of the requested move-
ment. In other words, the controller still causes an aver-
age movement equivalent to the requested movement.
[0046] The controller may be configured to receive a
variation signal indicative of at least one time-varying
movement characteristic of one or both of the hydraulic
machine and the hydraulic actuator. The hydraulic ma-
chine control signal may be determined in further de-
pendence on the variation signal. Thus, the hydraulic ma-
chine control signal can be determined taking into ac-
count variations and/or instabilities which already exist
in the hydraulic machine and/or the hydraulic actuator. It
may be that the hydraulic machine control signal is de-
termined so as to reinforce the at least one time-varying
characteristic indicated by the variation signal. For ex-
ample, the variation signal may be combined with the
movement input signal. It may be that at least one time-
varying component of the variation signal is combined
with the movement input signal. The at least one time-
varying component of the variation signal may be com-
bined with the movement input signal by summation. It
may be that even where a slight phase difference exists
between the variation signal and the movement input sig-
nal, the two signals can still be combined and will result
in increasing the variations in movement caused by the
instabilities which already exist in the hydraulic machine
and/or the hydraulic actuator. Any phase difference may

be less than 90 degrees, for example less than 45 de-
grees. In some examples, the variation signal and the
movement input signal can be substantially in-phase.
Thus, the movements can be reinforced.
[0047] The controller may be configured to determine
the time-varying component of the variation signal by ap-
plying a high pass filter to the variation signal. It will be
understood that the variation signal is indicative of a phys-
ical movement characteristic, such as a pressure, a po-
sition or a speed of movement of the one or both of the
hydraulic machine and the hydraulic actuator. Thus, the
low frequency components of the variation signal can be
omitted in the time-varying component of the variation
signal, leaving only the time varying component thereof.
It will be further understood that techniques other than
the high-pass filter may be used to obtain a hydraulic
machine control signal suitable to exaggerate fluctuation
of the movement of the hydraulic actuator and/or the hy-
draulic machine. For example, it may be that the control-
ler is configured to determine a difference between the
variation signal and the demanded movement of the hy-
draulic actuator, and to determine the fluctuation input
signal depending on the determined difference. It may
be that the hydraulic machine control signal is determined
as the combination of the movement input signal and the
determined difference.
[0048] The controller may be configured to restrict at
least a portion of the variation signal. Thus, the move-
ments are not reinforced to such an extent that the move-
ment of the hydraulic actuator becomes unwieldy or ex-
treme. It may be that the controller is configured to restrict
the portion of the variation signal using dynamic satura-
tion. It may be that the controller is configured to restrict
the portion of the variation signal using signal compres-
sion.
[0049] The controller may be configured to determine
the hydraulic machine control signal depending on re-
ceiving a value from a resonance lookup table. Thus, the
resonance values can be pre-determined and retrieved
when needed. It will be understood that a resonance
lookup table is a table of known values of a parameter,
the values expected to cause resonance in the portion
of the hydraulic apparatus moved by the hydraulic actu-
ator. The controller may be configured to combine the
value from the resonance lookup table with the move-
ment input signal to determine the combined movement
input signal, and to determine the hydraulic machine con-
trol signal depending on the combined movement input
signal.
[0050] To populate the values in the lookup table, the
controller may be configured to cause movement of the
hydraulic actuator in response to a calibration signal, and
determine one or more values for the lookup table based
on a resultant movement of the hydraulic actuator in re-
sponse to the calibration signal. Thus, the lookup table
can be populated based on movement of the hydraulic
actuator during calibration. The controller may be con-
figured to cause movement of the hydraulic actuator in
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accordance with a displacement chirp pattern demand
in response to the calibration signal. The controller may
be configured to demand a step movement of the hy-
draulic actuator in response to the calibration signal. The
resulting movement of the hydraulic actuator may be
measured. One or more values to be populated into the
lookup table may be determined based on the measured
movement of the hydraulic actuator. Thus, oscillation or
decay of the movement of the hydraulic actuator can be
used to determine the resonant properties of the portion
of the hydraulic apparatus moved by the hydraulic actu-
ator. It may be that the values in the lookup table are
changed and/or re-populated.
[0051] The movement of the hydraulic actuator in re-
sponse to the calibration signal may be performed after
the movement input signal is received, but before the
hydraulic machine is controlled in accordance with the
hydraulic machine control signal. Such embodiment is
more likely to be of use, and to be acceptable, in an au-
tomated system rather than one with hydraulic actuator
which is controlled directly by human operator. Thus, the
calibration movement of the hydraulic actuator may be
performed immediately before the demanded movement
of the hydraulic actuator, so that the portion of the hy-
draulic apparatus moved by the hydraulic actuator has
substantially the same physical properties during calibra-
tion as during use.
[0052] The movement of the hydraulic actuator in re-
sponse to the calibration signal may be performed during
an idle time of the hydraulic actuator. Thus, no delay is
introduced between the operator demanding movement
of the hydraulic actuator and the hydraulic actuator’s
movement in accordance with the demand. The idle time
is typically before the movement input signal is received.
[0053] The lookup table may be a multi-dimensional
lookup table. Thus, the value may be retrieved from the
lookup table depending on multiple variables. The vari-
ables may include one or more of a mass of the portion
of the hydraulic apparatus moved by the hydraulic actu-
ator (including any load), temperature, pressure, position
of actuator, and demanded movement speed.
[0054] The controller may comprise one or more proc-
essors and a memory configured to store instructions
which when executed by the one or more processors
cause the hydraulic apparatus to carry out the functions
of the controller described herein. The memory may be
non-transitory, computer readable memory. The memory
may have the instructions stored thereon. The present
invention extends to a non-transitory computer-readable
medium (e.g. memory) having the instructions stored
thereon to control the apparatus as described herein. The
memory may be solid-state memory. The controller may
be provided in a single device. In other example, the con-
troller may be distributed, having a plurality of proces-
sors. A first processor may be separated from a second
processor in a distributed manner.
[0055] The present invention extends to a vehicle com-
prising the hydraulic apparatus.

[0056] It will be understood that although a controller,
hydraulic apparatus and vehicle has been described, the
present invention can also be expressed in terms of a
method.
[0057] Purely as an example, the present invention ex-
tends to a method of controlling a hydraulic machine in
a hydraulic circuit with a hydraulic actuator. The hydraulic
machine may be as described hereinbefore. The method
comprises: receiving a movement input signal indicative
of a demand to move the hydraulic actuator; determining
a hydraulic machine control signal depending on the
movement input signal and a fluctuation input signal; and
controlling the hydraulic machine to exchange hydraulic
fluid with the hydraulic circuit in accordance with the hy-
draulic machine control signal to cause movement of the
hydraulic actuator in accordance with the movement in-
put signal and the fluctuation input signal.
[0058] It will be understood that the method may also
include any of the steps performed by the controller as
elsewhere described herein.

Description of the Drawings

[0059] An example embodiment of the present inven-
tion will now be illustrated with reference to the following
Figures in which:

Figure 1 is a schematic illustration of an example of
hydraulic apparatus as described herein;
Figure 2 is a schematic illustration of an example of
hydraulic apparatus as described herein;
Figure 3 is a schematic illustration of systems of a
vehicle according to an example of the present dis-
closure;
Figure 4 is a flowchart illustrating a method of con-
trolling a hydraulic machine as described herein; and
Figure 5 is a schematic diagram of an example of a
hydraulic machine.

Detailed Description of an Example Embodiment

[0060] Figure 1 is a schematic illustration of an exam-
ple of hydraulic apparatus as described herein. The hy-
draulic apparatus 100 comprises a hydraulic machine
110 in a hydraulic circuit 120. A hydraulic actuator 130
is fluidly connected to the hydraulic machine 110 via the
hydraulic circuit 120. In this example, the hydraulic ap-
paratus is part of an excavator, including a bucket 140
which can be pivoted by operation of the hydraulic actu-
ator 130.
[0061] The hydraulic apparatus 100 further comprises
a controller 150 for controlling the operation of the hy-
draulic machine 110 to thereby cause movement of the
bucket 140 mechanically connected to the hydraulic ac-
tuator 130.
[0062] The hydraulic apparatus 100 also comprises a
first input interface 160 in the form of a joystick control
160 and a second input interface 170 in the form of a
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pushbutton 170, provided on an end of the joystick control
160.
[0063] The controller 150 is configured to receive a
movement input signal 165 from operation of the joystick
control 160, and a fluctuation input signal 175 caused by
operation of the pushbutton 170. In this example, the
fluctuation input signal 175 is in the form of a sinusoidally
varying alternating signal 175. The controller 150 is con-
figured to determine a hydraulic machine control signal
115 by combining the movement input signal 165 with
the fluctuation input signal 175, in this instance by sum-
ming the movement input signal 165 and the fluctuation
input signal 175. The hydraulic machine control signal
115 is used to control the hydraulic machine 110 to ex-
change energy in the form of hydraulic fluid with the hy-
draulic circuit 120 at a flow rate indicated by the hydraulic
machine control signal 115.
[0064] In this example, the hydraulic machine 110 is a
pump/motor 110, as described further with reference to
Figure 5 hereinafter.
[0065] When the pushbutton 170 is not operated, the
hydraulic machine control signal 115 will cause the hy-
draulic machine 110 to exchange hydraulic fluid with the
hydraulic circuit 120 at a substantially steady flow-rate,
determined by the position of the joystick control 160.
When the joystick control 160 is moved in a first direction
(e.g. backwards), the hydraulic machine 110 is controlled
to operate as a pump and to pump hydraulic fluid into the
hydraulic circuit 120, towards the hydraulic actuator 130,
to cause retraction of the ram of the hydraulic actuator
130. When the joystick control 160 is moved in a second
direction, opposite the first direction, (e.g. forwards), the
hydraulic machine 110 is controlled to operate as a motor
and to draw hydraulic fluid from the hydraulic circuit 120
through the hydraulic machine 110, away from the hy-
draulic actuator 130, to cause extension of the ram of the
hydraulic actuator 130. In another embodiment, the hy-
draulic machine 110 is controlled to operate as a pump
to supply pressurised fluid to the hydraulic actuator, to
cause respective extension. The opposite actuator mo-
tion may be realised by a simple cross-over spool valve,
located upstream, to pressurise the opposing piston face.
[0066] When the pushbutton 170 is operated, the over-
all movement directions of the hydraulic actuator 130 re-
main consistent with the situation where the pushbutton
170 is not operated, as described above, with the here-
inafter described differences. The operation of the push-
button 170 results in the generation of the fluctuation in-
put signal 175, illustrated as a sinusoidally varying signal
175 in Figure 1. As a result, the hydraulic machine control
signal 115 also includes a fluctuation component, caus-
ing the hydraulic machine 110 to exchange hydraulic fluid
with the hydraulic circuit 120 at a cyclically-varying flow
rate. The frequency of variation in the flow rate is the
same as the frequency of the variation signal 175. Ac-
cordingly, whilst the direction of overall movement of the
hydraulic actuator 130 will still correspond to the move-
ment input signal 165, the cyclically-varying flow rate

causes a cyclically-varying dither in the movement of the
hydraulic actuator 130, and therefore in the movement
of the bucket 140. When the pushbutton 170 is operated,
but the joystick control 160 is not operated (e.g. where
no input is provided to the joystick control 160), a fluctu-
ation input signal 175 is generated but the movement
input signal will be zero, resulting in no net movement of
the actuator, but a relatively small oscillating movement
of the actuator.
[0067] Figure 2 is a schematic illustration of an exam-
ple of hydraulic apparatus as described herein. The hy-
draulic apparatus 200 functions similarly to the hydraulic
apparatus 100 described with reference to Figure 1,
though only the hydraulic actuator 230 and hydraulic ma-
chines 210a, 210b, are shown.
[0068] The hydraulic actuator 230 is in the form of a
double-acting ram 230 having a movable rod 236, a first
actuator chamber 232 and a second actuator chamber
234. The first actuator chamber 232 is fluidly connected
to a first hydraulic machine 210a, in the form of a motor
210a, via a hydraulic circuit first portion 222. The motor
210a is configured to extract hydraulic fluid from the hy-
draulic circuit first portion 222. The second actuator
chamber 234 is fluidly connected to a second hydraulic
machine 210b, in the form of a pump 210b, via a hydraulic
circuit second portion 224. The pump 210b is configured
to supply hydraulic fluid to the hydraulic fluid second por-
tion 224.
[0069] Although the hydraulic machines 210a, 210b
have been described separately, it will be understood
that each may be a separate hydraulic machine 210a,
210b, such as two pump/motors, or each may represent
a different groups of working chambers of the same
pump/motor, such that the first hydraulic machine 210a
is provided by a first group of working chambers of a
hydraulic machine and the second hydraulic machine
210b is provided by a second group of working chambers
of the same hydraulic machine.
[0070] If the hydraulic apparatus 200 is operated in the
configuration shown in Figure 2, with the first hydraulic
machine 210a in the form of a motor 210a and the second
hydraulic machine 210b in the form of a pump 210b, it
will be understood that the rod 236 will be retracted due
to a reduction in the volume of the first actuator chamber
232, and an expansion in the volume of the second ac-
tuator chamber 234. To cause fluctuation in the move-
ment of the hydraulic actuator 230, it may be that a first
periodically-varying flowrate is caused by the first hydrau-
lic machine 210a, and a second periodically-varying flow-
rate is caused by the second hydraulic machine 210b.
The first periodically-varying flowrate is in the opposite
sense, of differing average flowrate and phase-shifted
with respect to the second periodically-varying flowrate,
to enhance the vibration of the movement of the rod 236.
It may be that both sides act as pumps, but with differing
average flowrates and/or phases, in such a way that ei-
ther there is no net movement of the actuator, or that
there is a net movement, due to the difference in the
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average flowrates of each side of the actuator.
[0071] Figure 3 is a schematic illustration of systems
of a vehicle according to an example of the present dis-
closure. The vehicle 300 comprises hydraulic apparatus
310 as described herein, such as in the form of a hydraulic
machine 310, and a controller 320. The controller 320 is
configured to exchange signals 325 with the hydraulic
apparatus 310 to control the hydraulic apparatus 310 in
accordance with input signals received by the controller
320, for example from user inputs by an operator of the
vehicle 300. The controller 320 in this example is realised
by one or more processors 330 and a computer-readable
memory 340. The memory 340 stores instructions which,
when executed by the one or more processors 330,
cause the hydraulic apparatus 310 to operate as de-
scribed herein.
[0072] Although the controller 320 is shown as being
part of the vehicle 300, it will be understood that one or
more components of the controller 320, or even the whole
controller 320 can be provided separate from the vehicle
300, for example remotely from the vehicle 300, to ex-
change signals with the vehicle 300 by wireless commu-
nication.
[0073] Figure 4 is a flowchart illustrating a method of
controlling a hydraulic machine as described herein. The
method 400 comprises determining a hydraulic machine
control signal depending on a movement input signal and
a fluctuation input signal, and controlling a hydraulic ma-
chine in accordance with the hydraulic machine control
signal.
[0074] Specifically, the method 400 comprises receiv-
ing 410 a demand to move the hydraulic actuator. A
movement input signal is indicative of the demand to
move the hydraulic actuator.
[0075] The method 400 further comprises determining
420 a hydraulic machine control signal depending on the
movement input signal and a fluctuation input signal.
[0076] The method 400 further comprises controlling
430 the hydraulic machine to exchange hydraulic fluid
with the hydraulic circuit in accordance with the hydraulic
machine control signal. Thus, the hydraulic actuator is
caused to move in accordance with the movement input
signal and the fluctuation input signal.
[0077] Figure 5 is a schematic diagram of part of the
hydraulic apparatus shown in Figures 1a and 1b, and
shows a single group of working chambers currently con-
nected to one or more hydraulic components (e.g. an
actuator) through a high pressure manifold 554. Figure
5 provides detail on the first group 500, said group com-
prises a plurality of working chambers (8 are shown) hav-
ing cylinders 524 which have working volumes 526 de-
fined by the interior surfaces of the cylinders and pistons
528 (providing working surfaces 528) which are driven
from a rotatable shaft 530 by an eccentric cam 532 and
which reciprocate within the cylinders to cyclically vary
the working volume of the cylinders. The rotatable shaft
is firmly connected to and rotates with a drive shaft. A
shaft position and speed sensor 534 sends electrical sig-

nals through a signal line 536 to a controller 550, which
thus enables the controller to determine the instantane-
ous angular position and speed of rotation of the shaft,
and to determine the instantaneous phase of the cycles
of each cylinder.
[0078] The working chambers are each associated
with Low Pressure Valves (LPVs) in the form of electron-
ically actuated face-sealing poppet valves 552, which
have an associated working chamber and are operable
to selectively seal off a channel extending from the work-
ing chamber to a low-pressure hydraulic fluid manifold
554, which may connect one or several working cham-
bers, or indeed all as is shown here, to the low-pressure
hydraulic fluid manifold hydraulic circuit. The LPVs are
normally open solenoid actuated valves which open pas-
sively when the pressure within the working chamber is
less than or equal to the pressure within the low-pressure
hydraulic fluid manifold, i.e. during an intake stroke, to
bring the working chamber into fluid communication with
the low-pressure hydraulic fluid manifold but are selec-
tively closable under the active control of the controller
via LPV control lines 556 to bring the working chamber
out of fluid communication with the low-pressure hydrau-
lic fluid manifold. The valves may alternatively be nor-
mally closed valves. As well as force arising from the
pressure difference across the valve, flow forces from
the passage of fluid across the valve, also influence the
net force on the moving valve member.
[0079] The working chambers are each further asso-
ciated with a respective High-Pressure Valve (HPV) 564
each in the form of a pressure actuated delivery valve.
The HPVs open outwards from their respective working
chambers and are each operable to seal off a respective
channel extending from the working chamber through a
valve block to a high-pressure hydraulic fluid manifold
558, which may connect one or several working cham-
bers, or indeed all as is shown in Figure 5. The HPVs
function as normally-closed pressure-opening check
valves which open passively when the pressure within
the working chamber exceeds the pressure within the
high-pressure hydraulic fluid manifold. The HPVs also
function as normally-closed solenoid actuated check
valves which the controller may selectively hold open via
HPV control lines 562 once that HPV is opened by pres-
sure within the associated working chamber. Typically,
the HPV is not openable by the controller against pres-
sure in the high-pressure hydraulic fluid manifold. The
HPV may additionally be openable under the control of
the controller when there is pressure in the high-pressure
hydraulic fluid manifold but not in the working chamber,
or may be partially openable.
[0080] In a pumping mode, the controller selects the
net rate of displacement of hydraulic fluid from the work-
ing chamber to the high-pressure hydraulic fluid manifold
by the hydraulic motor by actively closing one or more of
the LPVs typically near the point of maximum volume in
the associated working chamber’s cycle, closing the path
to the low-pressure hydraulic fluid manifold and thereby
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directing hydraulic fluid out through the associated HPV
on the subsequent contraction stroke (but does not ac-
tively hold open the HPV). The controller selects the
number and sequence of LPV closures and HPV open-
ings to produce a flow or create a shaft torque or power
to satisfy a selected net rate of displacement.
[0081] In a motoring mode of operation, the controller
selects the net rate of displacement of hydraulic fluid,
displaced via the high-pressure hydraulic fluid manifold,
actively closing one or more of the LPVs shortly before
the point of minimum volume in the associated working
chamber’s cycle, closing the path to the low-pressure
hydraulic fluid manifold which causes the hydraulic fluid
in the working chamber to be compressed by the remain-
der of the contraction stroke. The associated HPV opens
when the pressure across it equalises and a small
amount of hydraulic fluid is directed out through the as-
sociated HPV, which is held open by the controller. The
controller then actively holds open the associated HPV,
typically until near the maximum volume in the associated
working chamber’s cycle, admitting hydraulic fluid from
the high-pressure hydraulic fluid manifold to the working
chamber and applying a torque to the rotatable shaft.
[0082] As well as determining whether or not to close
or hold open the LPVs on a cycle by cycle basis, the
controller is operable to vary the precise phasing of the
closure of the HPVs with respect to the varying working
chamber volume and thereby to select the net rate of
displacement of hydraulic fluid from the high-pressure to
the low-pressure hydraulic fluid manifold or vice versa.
[0083] Arrows on the low pressure fluid connection
506, and the high-pressure fluid connection 521 indicate
hydraulic fluid flow in the motoring mode; in the pumping
mode the flow is reversed. A pressure relief valve 566
may protect the first group from damage.
[0084] In normal operation, the active and inactive cy-
cles of working chamber volume are interspersed to meet
the demand indicated by the hydraulic machine control
signal.
[0085] In summary, there is provided a controller (320)
for a hydraulic machine (310), the hydraulic machine
(310) in a hydraulic circuit including a hydraulic actuator,
having a rotatable shaft in driven engagement with a
prime mover, and defining a plurality of working cham-
bers in the hydraulic circuit, each working chamber being
defined partially by a movable working surface mechan-
ically coupled to the rotatable shaft, such that, in opera-
tion, the hydraulic machine (310) exchanges energy with
the hydraulic circuit and the prime mover by movement
of the working surfaces and the rotatable shaft. The con-
troller (320) is configured to: receive a movement input
signal indicative of a demand to move the hydraulic ac-
tuator; determine a hydraulic machine control signal de-
pending on the movement input signal and a fluctuation
input signal; and control the hydraulic machine (310) to
exchange hydraulic fluid with the hydraulic circuit in ac-
cordance with the hydraulic machine control signal to
cause movement of the hydraulic actuator in accordance

with the movement input signal and the fluctuation input
signal.
[0086] Throughout the description and claims of this
specification, the words "comprise" and "contain" and
variations of them mean "including but not limited to",
and they are not intended to and do not exclude other
components, integers or steps. Throughout the descrip-
tion and claims of this specification, the singular encom-
passes the plural unless the context otherwise requires.
In particular, where the indefinite article is used, the spec-
ification is to be understood as contemplating plurality as
well as singularity, unless the context requires otherwise.
[0087] Features, integers, characteristics or groups
described in conjunction with a particular aspect, embod-
iment or example of the invention are to be understood
to be applicable to any other aspect, embodiment or ex-
ample described herein unless incompatible therewith.
All of the features disclosed in this specification (including
any accompanying claims, abstract and drawings),
and/or all of the steps of any method or process so dis-
closed, may be combined in any combination, except
combinations where at least some of such features
and/or steps are mutually exclusive. The invention is not
restricted to the details of any foregoing embodiments.
The invention extends to any novel one, or any novel
combination, of the features disclosed in this specifica-
tion (including any accompanying claims, abstract and
drawings), or to any novel one, or any novel combination,
of the steps of any method or process so disclosed.

Claims

1. A controller for a hydraulic machine, the hydraulic
machine in a hydraulic circuit including a hydraulic
actuator, having a rotatable shaft in driven engage-
ment with a prime mover, and defining a plurality of
working chambers in the hydraulic circuit, each work-
ing chamber being defined partially by a movable
working surface mechanically coupled to the rotata-
ble shaft, such that, in operation, the hydraulic ma-
chine exchanges energy with the hydraulic circuit
and the prime mover by movement of the working
surfaces and the rotatable shaft, wherein the con-
troller is configured to:

receive a movement input signal indicative of a
demand to move the hydraulic actuator;
determine a hydraulic machine control signal
depending on the movement input signal and a
fluctuation input signal; and
control the hydraulic machine to exchange hy-
draulic fluid with the hydraulic circuit in accord-
ance with the hydraulic machine control signal
to cause movement of the hydraulic actuator in
accordance with the movement input signal and
the fluctuation input signal.

17 18 



EP 4 124 695 A1

11

5

10

15

20

25

30

35

40

45

50

55

2. The controller as claimed in claim 1, wherein the con-
troller is configured to receive the fluctuation input
signal.

3. A hydraulic apparatus comprising:

a prime mover;
a hydraulic circuit;
a hydraulic machine having a rotatable shaft in
driven engagement with the prime mover and
defining a plurality of working chambers in the
hydraulic circuit, each working chamber being
defined partially by a movable working surface
mechanically coupled to the rotatable shaft,
such that, in operation, the hydraulic machine
exchanges energy with the hydraulic circuit and
the prime mover by movement of the working
surfaces and the rotatable shaft;
a hydraulic actuator in the hydraulic circuit; and
a controller as claimed in any preceding claim.

4. The hydraulic apparatus as claimed in claim 3, fur-
ther comprising a first input interface for receiving a
first user input and configured to provide a movement
input signal to the controller depending thereon, the
movement input signal indicative of a demand to
move the hydraulic actuator.

5. The hydraulic apparatus as claimed in claim 4, fur-
ther comprising a second input interface for receiving
a second user input and configured to provide a fluc-
tuation input signal to the controller depending ther-
eon, the fluctuation input signal indicative of a de-
mand to cause a controlled deviation in the move-
ment of the hydraulic actuator during the movement
of the hydraulic actuator in accordance with the
movement input signal.

6. The controller or the hydraulic apparatus of any pre-
ceding claim, wherein the fluctuation input signal is
indicative of a demand to cause an alternating vari-
ation in the movement of the hydraulic actuator, op-
tionally wherein a frequency of the alternating vari-
ation is between 1 and 20 hertz.

7. The controller or the hydraulic apparatus of any pre-
ceding claim, wherein the hydraulic actuator is a lin-
ear actuator comprising a double-acting ram, the
double-acting ram having a first actuator chamber
fluidly connected to a first working chamber of the
hydraulic machine and a second actuator chamber,
opposing the first actuator chamber, where the pres-
sure in the first actuator chamber provides a ram
force in opposition to the second actuator chamber,
optionally wherein the hydraulic apparatus is config-
ured to determine the fluctuation input signal de-
pending on determining that the linear actuator is at
an end-position of possible movement.

8. The controller or the hydraulic apparatus of any pre-
ceding claim, wherein the hydraulic machine is an
electronically commutated hydraulic machine, in
which the displacement of hydraulic fluid through the
working chambers is regulated by electronically con-
trollable valves.

9. The controller or the hydraulic apparatus of any pre-
ceding claim, wherein the controller is configured to
determine the hydraulic machine control signal by
determining a first signal depending on the fluctua-
tion input signal, and a second signal depending on
the movement input signal, to combine the first signal
and the second signal to provide a combined move-
ment input signal, and to determine the hydraulic ma-
chine control signal depending on the combined
movement input signal.

10. The controller or the hydraulic apparatus of any pre-
ceding claim, wherein the controller is configured to
modify the hydraulic machine control signal to cause
resonance in a portion of the hydraulic apparatus
moved by the hydraulic actuator.

11. The controller or the hydraulic apparatus of claim 10,
wherein the controller is configured to determine a
resonance hydraulic machine control signal known
to cause resonance and to cause movement of the
hydraulic actuator closest to the demanded move-
ment of the hydraulic actuator compared to any other
movement of the hydraulic actuator known to cause
resonance, and wherein, to modify the hydraulic ma-
chine control signal, the hydraulic machine control
signal is set to the resonance hydraulic machine con-
trol signal, or

wherein the controller is configured to determine
a first hydraulic machine control signal to cause
a first movement of the hydraulic actuator less
than the demanded movement, and to deter-
mine a second hydraulic machine control signal
to cause movement of the hydraulic actuator
greater than the demanded movement and, and
wherein to modify the hydraulic machine control
signal, the hydraulic machine control signal is
set to the first hydraulic machine control signal
at a first time, changed to the second hydraulic
machine control signal at a second time, and
further changed back to the first hydraulic ma-
chine control signal at a third time, wherein at
least one of the first and second hydraulic ma-
chine control signals is one that is known to
cause resonance, optionally
wherein the controller modulates the hydraulic
machine control signal between the first hydrau-
lic machine control signal and the second hy-
draulic machine control signal in such a propor-
tion that the hydraulic actuator moves, on aver-
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age, in accordance with the demand to move
the hydraulic actuator.

12. The controller or the apparatus of any preceding
claim, wherein the controller is configured to receive
a variation signal indicative of at least one time-var-
ying movement characteristic of one or both of the
hydraulic machine and the hydraulic actuator, and
wherein the hydraulic machine control signal is de-
termined in further dependence on the variation sig-
nal, optionally
wherein the controller is configured to restrict at least
a portion of the variation signal.

13. The controller or the apparatus of any of claims 10
to 12, wherein the controller is configured to deter-
mine the hydraulic machine control signal depending
on receiving a value from a resonance lookup table,
optionally
wherein the lookup table is a multi-dimensional
lookup table.

14. The controller or the apparatus of claim 13, wherein,
to populate the values in the lookup table, the con-
troller is configured to cause movement of the hy-
draulic actuator in response to a calibration signal,
and determine one or more values for the lookup
table based on a resultant movement of the hydraulic
actuator in response to the calibration signal, option-
ally

wherein the movement of the hydraulic actuator
in response to the calibration signal is performed
after the movement input signal is received, but
before the hydraulic machine is controlled in ac-
cordance with the hydraulic machine control sig-
nal, or optionally
wherein the movement of the hydraulic actuator
in response to the calibration signal is performed
during an idle time of the hydraulic actuator, the
idle time being when no demand to move the
hydraulic actuator is made.

15. A vehicle comprising the hydraulic apparatus of any
of claims 3 to 14.
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