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Description

[0001] The invention relates to a method of operating
a fluid working machine, comprising at least one working
chamber of cyclically changing volume, a high pressure
fluid connection, a low pressure fluid connection and at
least one electrically actuated valve, connecting said
working chamber to said high-pressure fluid connection
and/or said low pressure fluid connection, wherein the
actuation of said electrically actuated valve is varied de-
pending on the fluid flow demand and/or on the mechan-
ical power demand. Additionally, the invention relates to
an electronic controlling unit for the actuation of a fluid
working machine, comprising at least one actuated valve.
Furthermore, the invention relates to a fluid working ma-
chine, comprising at least one working chamber of cycli-
cally changing volume, a high pressure fluid connection,
a low pressure fluid connection and at least one electri-
cally actuated valve, connecting said working chamber
to said high pressure fluid connection and/or said low
pressure fluid connection and at least one electronic con-
troller unit.
[0002] Fluid working machines are generally used,
when fluids are to be pumped or fluids are used to drive
the fluid working machine in a motoring mode. The word
"fluid" can relates to both gases and liquids. Of course,
"fluid" can even relate to a mixture of a gas and a liquid
and furthermore to a supercritical fluid, where no distinc-
tion between gas and liquid can be made anymore.
[0003] Very often, such fluid working machines are
used, if the pressure level of a fluid has to be increased.
For example, such a fluid working machine could be an
air compressor, a hydraulic pump, a pneumatic motor or
a hydraulic motor.
[0004] Usually, fluid working machines comprise one
or more working chambers of a cyclically changing vol-
ume. Usually, for each cyclically changing volume, a fluid
inlet valve and the fluid outlet valve is provided.
[0005] Traditionally, the fluid inlet valves and the fluid
outlet valves, which are used for fluid working machines,
are passive valves, particularly when pumps are consid-
ered. When the volume of a certain working chamber
increases, its fluid inlet valve opens, while its fluid outlet
valve closes under the pressure differences, caused by
the volume increase of the working chamber. During the
phase, in which the volume of the working chamber de-
creases again, the fluid inlet valve closes, while the fluid
outlet valve opens under the changed pressure differ-
ences.
[0006] A relatively new and promising approach for im-
proving fluid working machines are the so-called synthet-
ically commutated hydraulic machines (synthetically
commutated hydraulic pumps), also known as digital dis-
placement pumps. Such synthetically commutated hy-
draulic machines are a unique subset of variable dis-
placement machines. Such synthetically commutated
hydraulic machines are known as such, for example from
EP 0 494 236 B1 or WO 91/05163 A1. in synthetically

commutated hydraulic pumps, the passive inlet valves
are replaced by electrically actuated inlet valves. Prefer-
ably the passive fluid outlet valves are also replaced by
electrically actuated outlet valves. By appropriately con-
trolling the valves, a full stroke pumping mode, an empty
cycle pumping mode (idle mode) and a part stroke pump-
ing mode can be achieved. Furthermore, if both inlet
valves and outlet valves are electrically actuated, the
pump can be used as a hydraulic motor as well. If the
pump is run as a hydraulic motor, a full stroke motoring
mode, a part stroke motoring mode and an idle motoring
mode are possible as well.
[0007] A major advantage of such synthetically com-
mutated hydraulic machines is their higher efficiency, as
compared to traditional hydraulic pumps. Furthermore,
since the valves are electrically actuated, the output char-
acteristics of synthetically commutated hydraulic ma-
chines can be changed very quickly. In particular, it is
possible to completely change the output characteristics
of the synthetically commutated hydraulic machine from
one working cycle to another (for example from zero fluid
output flow to full fluid output flow).
[0008] For adapting the fluid flow output of a syntheti-
cally commutated hydraulic pump according to a certain
requested fluid flow demand (which can vary over time,
of course), several approaches are known in the state of
the art.
[0009] The perhaps simplest possibility is to switch the
synthetically commutated hydraulic pump to full stroke
pumping mode for a certain time. When the synthetically
commutated pump runs in the (full) pumping mode, a
high-pressure fluid reservoir is filled with pressurised flu-
id. Once a certain pressure level is reached in the high
pressure fluid reservoir, the synthetically commutated
hydraulic pump is switched to an idle mode and the fluid
flow demands is supplied by the high pressure fluid res-
ervoir. As soon as the high pressure fluid reservoir reach-
es a certain lower threshold level, the synthetically com-
mutated hydraulic pump is switched on again.
[0010] This approach, however, necessitates a rela-
tively large high-pressure fluid reservoir. Such a high-
pressure fluid reservoir is expensive, occupies a large
volume and is quite heavy. Furthermore, a certain vari-
ation in the output pressure will inevitably occur.
[0011] Another approach for adapting the fluid output
flow of a synthetically commutated hydraulic pump ac-
cording to a different fluid flow demand is described in
EP 1 537 333 B1. Here, it is proposed to use idle modes,
part stroke pumping modes and full stroke pumping
modes for realising a fluid flow output, whose time aver-
age is equal to given fluid flow demand. In the idle mode,
no fluid is pumped by the respective working chamber to
the high pressure manifold. In the full stroke mode, all of
the usable volume of the working chamber is used for
pumping fluid to the high pressure side in the respective
cycle. In the part stroke mode, only a part of the usable
volume is used for pumping fluid to the high pressure
side in the respective cycle. The different modes are dis-
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tributed among several chambers and/or among several
successive cycles in a way that the time averaged effec-
tive fluid flow rate of the machine satisfies the requested
demand. The decision, on what kind of stroke has to be
triggered is made by the use of a so-called accumulator
variable. The accumulator variable is increased in certain
time intervals by a value, which is representative of the
fluid flow demand. Depending on the value of the accu-
mulator variable, an idle mode, a part stroke mode or a
full stroke mode is performed. Consequently, the accu-
mulator is deducted by a value, which is representative
of the volume, pumped by the pumping mode performed.
[0012] This controlling method performs the necessary
calculations "online", i.e. during the actual use of the fluid
working machine. Furthermore, the decision on whether
to perform a pumping stroke or not, as well as the decision
on whether a part stroke pumping mode or a full stroke
pumping mode has to be performed, is made on a cycle-
by-cycle basis and only for the very next cycle could be
performed in line. In other words, the respective decision
is only made for the very next possible actuation. Other
(future) actuations of the actuated valve(s) are not taken
into consideration.
[0013] While such "online" controlling methods are rel-
atively easy to implement, they suffer from certain limi-
tations and drawbacks. A major issue is the problem of
pressure pulsations. In particular under certain working
conditions of the synthetically commutated hydraulic ma-
chine, strong pressure pulsations on the high pressure
side can occur. Such pressure pulsations can be noticed
in the behaviour of a hydraulic consumer (e.g. a hydraulic
piston or a hydraulic motor). As an example, the pulsa-
tions can be noticed as a start-stop-like movement (a
"stiction" behaviour). The pressure pulsations can even
lead to the destruction of certain parts of the hydraulic
system. Furthermore, the "online" controlling methods
according to the state of the art are usually susceptible
to numerical artefacts (i.e. some kind of a "Moiré"-effect
occurs). Certainly, such erratic fluid flow output charac-
teristics are not desirable.
[0014] A different approach was followed in the not yet
published European patent application, application
number 07 254 331. Here, it is suggested to completely
abandon "online" calculations. This is done by calculating
actuation patterns in advance. The thus calculated actu-
ation patterns are stored in a memory device. The thus
stored actuation patterns can be read out by an electronic
controlling unit of the synthetically commutated hydraulic
machine. Usually, the pre-calculated actuation patterns
are generated before the respective fluid working ma-
chine is even assembled.
[0015] Although this approach can yield a very smooth
fluid flow output characteristics with relatively small pres-
sure pulsations, a lot of effort has to be put into the cal-
culation of the actuation patterns. Furthermore, relatively
elaborate eiectronics and memory devices have to be
used. Another problem can occur, if the fluid flow demand
changes. This is because the actuation patterns, as de-

scribed in said European patent application, can be of
considerable length. If the fluid flow demands changes
in between, this could lead to a long delay between
changing fluid flow demands and actual fluid output flow,
generated by the synthetically commutated hydraulic
machine. To avoid such delays, an elaborate algorithm
for transitioning between different actuation patterns is
suggested in said application. However, this transitioning
algorithm is rather complicated.
[0016] It is therefore the object of the invention to sug-
gest an improved method for operating a fluid working
machine of the synthetically commutated type. Another
object of the invention is to suggest an improved elec-
tronic controller unit for a synthetically commutated fluid
working machine. Yet another object of the invention is
to suggest an improved fluid working machine.
[0017] Therefore, a method of operating a fluid working
machine, comprising at least one working chamber of
cyclically changing volume, a high pressure fluid connec-
tion, a low pressure fluid connection and at least one
electrically actuated valve, connecting said at least one
working chamber to said high pressure fluid connection
and/or said low pressure fluid connection, is suggested,
wherein the actuation of said at least one electrically ac-
tuated valve is varied depending on the fluid flpw demand
and/or on the mechanical power demand, and wherein
for said at least one electrically actuated valve an actu-
ation sequence, covering a plurality of working cycles of
said at least one cyclically changing volume, is calculated
before said actuation sequence (14) is applied. Surpris-
ingly, by "looking some actuations into the future", it is
possible to achieve a much better fluid output character-
istics, showing in particular fewer and less predominant
pressure pulsations. Put in other words, by using the sug-
gested method, multiples of future actuations can be con-
sidered at the same time (i.e. usually at the time of the
calculation of the actuation sequence). Furthermore, the
already described occurrence of numerical artefacts can
usually be decreased. The actuation sequence, howev-
er, is still calculated "online", i.e. usually during the op-
eration of said fluid working machine. Because of this
"online" calculation, it can be avoided to spend extensive
time on developing pre-calculated actuation sequences,
which have to be stored in a memory device of a sufficient
size. In particular, if several parameters have to be con-
sidered, in case of pre-calculated actuation sequences
the number of actuation sequences, which have to be
pre-calculated and stored can increase exponentially,
thus requiring a huge memory and extensive calculation
efforts. As an example: the pressure, the speed and/or
the temperature of the hydraulic fluid can be parameters,
which can influence the operation of the fluid working
machine quite significantly, and hence should be consid-
ered. Thus, the suggested method is still relatively easy
to implement, and can be adapted to changing situations
and/or to different fluid working machines easily. It is pos-
sible to calculate the next actuation sequence shortly be-
fore the end of the active actuation sequence is reached.
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This way, sufficient time can be provided for calculating
the next actuation sequence. The exact timing for the
start of the calculation of the next actuation sequence
can depend on the available calculation means (for ex-
ample the speed of an electronic controller on which the
algorithm is run) and/or the method in which the algorithm
is implemented. Generally, the timing should be chosen
in a way that even under disadvantageous situations (i.e.
the calculation of the actuation sequence takes very long)
the calculation is finished before the actual actuation se-
quence is completed. With nowadays available computer
hardware, the necessary time margin can usually be kept
quite short. Another possibility is to calculate a new ac-
tuation sequence, as soon as the current fluid flow de-
mand changes (if applicable, after filtering). The newly
calculated actuation sequence will be applied, as soon
as possible. This will usually happen, when the currently
actuated actuation sequence is finished. However, if the
calculation of the new actuation sequence cannot be
completed before the current actuation sequence is fin-
ished, the "old" actuation sequence can simply be reap-
plied. Of course, it is even possible to generally reapply
the current ("old") actuation sequence over and over
again, if the fluid flow demand does not change (if appli-
cable, after filtering). Although the suggested method will
usually yield an actuation sequence, covering a plurality
of working cycles of the at least one cyclically changing
volume (for example two, three, four, five, six, seven,
eight, nine and/or ten working cycles) it is possible that
under certain conditions, particularly at certain fluid flow
demands and/or mechanical power demands, a pre-
ferred (or even the optimum) actuation sequence will be
reached with an actuation sequence, having a length of
only one working cycle. As a rather obvious example: if
the fluid flow demand is zero, the suggested method will
yield an optimum actuation sequence of a single actua-
tion with a zero pumping mode to be performed. The fluid
flow demand and/or the mechanical power demand can
be calculated, at least in part and/or at least at times,
from the fluid pressure (in particular from the fluid pres-
sure in the high-pressure manifold), from the speed of
the fluid working machine and/or from the torque of the
fluid working machine. Of course, the actuation sequence
should be set up in a way that it’s time averaged fluid
output flow will correspond to the actual fluid flow de-
mand.
[0018] Preferably, the length of said actuation se-
quence is minimised. This way it is possible that the cal-
culated actuation sequence can be finished without caus-
ing any undue delays, even if the fluid flow demand and/or
the mechanical power demand changes. Preferably, the
actuation sequence should be as short as possible, with-
out increasing the number and/or the amount of the pres-
sure pulsations at all, noticeably and/or significantly. The
method can be performed in a way that a balance be-
tween short actuation sequences and low pressure pul-
sations will be reached. In other words, if the length of
the actuation sequence would become too long, a certain

deterioration of the quality and/or the accuracy of the
generated fluid output flow will be tolerated, to limit the
length of the actuation sequence. Also, the "allowed" re-
gions could be expanded in such a case (see the foiio-
wing description). It is even possible to make the length
of the actuation sequence (in units of working cycles)
dependent on the speed of the fluid working machine.
This way, a certain limit for the maximum delay (in units
of time) between a change in the fluid flow demand and
a change in the fluid flow output can be set. Furthermore,
the limitation and/or avoidance of excessive "gear-shift-
ing" behaviour of the synthetically commutated hydraulic
pump might be another operational consideration, which
can influence the choice of the actuation sequence
length. As an example: if shorter actuation sequences
are only available for a very limited region of the fluid flow
demand, it may be desirable to keep using a preferably
slightly longer actuation sequence, which conforms to
the lengths of the actuation sequences of the rest of the
region of fluid flow demand. Hence, the amount of tran-
sition between different actuation sequences and/or dif-
ferent lengths of actuation sequences can be reduced.
[0019] A preferred embodiment of the suggested
method can be achieved, if at least one filtering function
for said fluid flow demand and/or said mechanical power
demand is applied at least in part and/or at least at times.
In particular, a hysteresis function, a peak filtering func-
tion and/or a derivative consideration function can be
used. This way, unnecessary transitions between differ-
ent actuation sequences can be largely avoided. This
way, particularly numerical artefacts in the output behav-
iour of the fluid working machine can be avoided. By way
of example, if the fluid flow demand is increased from
35% to 36%, the fluid output flow will consequently be
increased to 36% as well (the given numbers indicate
the fraction of the maximum pumping capability of the
respective working chamber and/or of the fluid working
machine). If the fluid flow demand drops to 35% again,
the fluid output flow will be kept on 36%, by virtue of the
hysteresis function. Only when the fluid flow demand will
drop to 34% (or even lower), the actuation sequence will
be changed according to the changing fluid flow demand.
The peak filtering function can be set up in a way that
not only "positive" peaks are filtered out (i.e. a sudden
and very short increase in fluid flow demand), but also
"negative" peaks are filtered out. Furthermore, said de-
rivative consideration function can take into account the
"size" of the change in fluid flow demand. For example,
if an operator quickly increases and/or decreases the
speed of a hydraulic consumer, said derivative consid-
eration function can stress this increase and/or a de-
crease even more. For a more detailed example: if the
operator is performing an emergency stop, this can be
noted by a sudden decrease in fluid flow demand for the
respective hydraulic consumer. The derivative consider-
ation function can then decrease the fluid flow output
even more, resulting in an even faster emergency stop.
Although the gain in time will usually be only fractions of
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a second, these fractions of a second can be deciding in
such a situation.
[0020] It is possible to perform the method in a way
that an actuation of said electrically actuated valve is at
least in part and/or at least at times limited to at least one
allowed actuation range, preferably to a plurality of al-
lowed actuation ranges. It has been found that for part
stroke pulses at or around 50%, the speed of the fluid
leaving the working chamber of the fluid working machine
can be very high, because of the usually sinusoidal shape
of the volume change of the working chamber. If the elec-
trically actuated inlet valve is closed in this region (to
initiate a part stroke pumping cycle of approximately 50%
pumping fraction, for example), the actuation of the ac-
tuated valve can result in the generation of noise and/or
in a higher wear of the valve. Therefore, it is preferred to
exclude such fractional values. The "forbidden" interval
can start at 16.7%, 20%, 25%, 30%, 33.3%, 40% and/or
45% and can end at 55%, 60%, 65%, 66.7%, 70%, 75%,
80% and/or 86.1%. In particular, the limits of the "forbid-
den" interval can be changed in dependence of external
parameters, in particular in dependence of the speed of
the fluid working machine. This way, the "forbidden" in-
terval can at least in part and/or at least at times be de-
fined using the speed of the fluid flowing through the re-
spective actuated valve.
[0021] Preferably, at least one of said allowed actua-
tion ranges is taken from the group, comprising zero
stroke pulses, small part stroke pulses, large part stroke
pulses and/or full stroke pulses. Usually, zero stroke puls-
es have a pumping fraction of zero. Small part stroke
passes are usually chosen from an interval with the lower
end at 0%, 1 %, 2%, 3%, 4% and/or 5% and the upper
end at the already mentioned 16.7%, 20%, 25%, 30%,
33.3%, 40% and/or 45% (presumably taking into account
external parameters). The lower limit of the small part
stroke pulses - if present - can come from compressability
effects of the fluid used. Of course, the exact numbers
can depend on the nature and condition of the fluid. The
indicated values are typical for liquids, in particular hy-
draulic oil. Large part stroke pulses can be chosen from
an interval starting at the already mentioned 55%, 60%,
65%, 66.7%, 70%, 75%, 80% and/or 86.1% (presumably
varying with external parameters) and can go up to 100%
(or almost 100%). Full stroke pulses are usually chosen
from the 100% range.
[0022] Preferably, said allowed actuation ranges, in
particular said small part stroke pulses and/or said large
part stroke pulses depend at least in part and/or at least
at times on at least one working condition of said fluid
working machine, in particular on the viscosity of the fluid
and/or on the pressure of the fluid and/or on the temper-
ature of the fluid and/or on the speed of said fluid working
machine. As already mentioned, a high speed of the fluid,
flowing through the actuated valve, can lead to the gen-
eration of unnecessary noise and/or to an increased wear
of the actuated valve. The same can apply to highly vis-
cous fluids, because such fluids can generate high fric-

tional forces. This, of course, is not desired.
[0023] Preferably, the method is performed in a way
that at least in part and/or at least at times said actuation
sequence comprises zero stroke pulses, full stroke puls-
es and part stroke pulses. Experiments have shown that
a mixture of all three types of pumping pulses (or of even
more types) can lead to a particularly advantageous fluid
output flow characteristics. In particular, the part stroke
pulses can be small part stroke pulses and/or large part
stroke pulses.
[0024] Experiments have shown that a particularly ad-
vantageous fluid output flow characteristics can be
achieved, if within said actuation sequence, at least in
part and/or at least at times pulses of a larger size, in
particular large part stroke pulses and/or full stroke puls-
es are preferred. As an example, instead of performing
several zero stroke pulses and/or small part stroke puls-
es, these pulses (or at least some of them) should be
combined to one or a few large stroke pulses and/or full
stroke pulses, whenever this is possible. Pulses of a larg-
er size are usually defined as pulses having a pumping
fraction of at least 40%, 45%, 50%, 55% and/or 60%. Of
course, it is also possible that said pulses of a larger size
are large part stroke pulses and/or full stroke pulses.
[0025] Furthermore, it is preferred that within said ac-
tuation sequence at least in part and/or at least at times
pulses of a smaller size, in particular zero stroke pulses
and/or a small part stroke pulses, are used for replacing
at least one pulse of a larger size. Under different working
conditions, it can prove to be advantageous to split one
or several pulses of a larger size into several zero stroke
pulses and/or small part stroke pulses, for generating an
advantageous fluid output flow characteristics. This
"splitting up" of pulses of a larger size can preferably be
performed, if otherwise the length of the actuation se-
quence would become too long and/or an actuation se-
quence, generating the demanded fluid output flow would
not be possible at all.
[0026] A particularly smooth fluid flow output charac-
teristics can be achieved if the actuations within said ac-
tuation sequence are arranged at least in part and/or at
least at times in a way that pulses of a smaller size, in
particular zero stroke pulses and/or small part stroke
pulses, precede pulses of larger size, in particular large
part stroke pulses and/or full stroke pulses. Experiments
have shown that by placing pulses of smaller size in the
"leading gap" of pulses of larger size usually a very
smooth fluid output flow characteristics can be generat-
ed. Pulses of a smaller size are usually pulses with a
pumping fraction of up to 40%, 45%, 50%, 55%, 55%
and/or 60% (and can have a lower end as well, if neces-
sary).
[0027] Yet another embodiment can be achieved if the
actuations within said actuation sequence are at least in
part and/or at least at times arranged in a way that within
subgroups of pulses of a larger size, in particular within
subgroups of large part stroke pulses and/or full stroke
pulses, pulses with a larger size precede pulses with a
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smaller size. Experiments have shown that this way of
arranging the actuation sequence can lead to a particu-
larly smooth fluid output flow characteristics as well.
[0028] Furthermore, it is possible that the actuations
within said actuation sequence are at least in part and/or
at least at times arranged in a way that within subgroups
of pulses of smaller size, in particular within subgroups
of zero stroke pulses and/or small part stroke pulses,
pulses with a larger size precede pulses with a smaller
size. Once again, this can lead to particularly smooth
fluid output flow characteristics as well.
[0029] Another preferred embodiment can be
achieved if the actuations within said actuation sequence
are arranged at least in part and/or at least at times in a
way that pulses of a smaller size, in particular zero stroke
pulses and/or small part stroke pulses, and pulses of a
larger size, in particular large part stroke pulses and/or
full stroke pulses, are distributed over said actuation se-
quence. This again can lead to a very smooth fluid output
flow characteristics. In particular, pulses of a smaller size
can be placed in the leading "gaps" of the pulses of a
larger size and/or between two pulses of a larger size,
which are spaced apart from each other.
[0030] Furthermore an electronic controller unit for the
actuation of a fluid working machine, comprising at least
one actuated valve, is suggested, wherein said electronic
controller unit is designed and arranged in a way that
said electronic controller unit actuates said at least one
electrically actuated valve at least in part and/or at least
at times according to the previously suggested method.
This way fluid working machines, comprising such an
electronic controller unit, can show the previously de-
scribed features and advantages in analogy.
[0031] Furthermore a fluid working machine, compris-
ing at least one working chamber of cyclically changing
volume, a high-pressure fluid connection, a low pressure
fluid connection, at least one electrically actuated valve,
connecting said working chamber to said high pressure
fluid connection and/or said low pressure fluid connection
and at least one electronic controller unit, is suggested,
wherein said electronic controller unit is designed and
arranged in a way that said electronic controller unit ac-
tuates at least one of said electrically actuated valves at
least in part and/or at least at times according to the pre-
viously described method. This way, the resulting fluid
working machine can show the previously described fea-
tures and embodiments in analogy.
[0032] For understanding the previously given expla-
nations, it is important to understand that usually a "ro-
tation" of the single actuations within an actuation se-
quence will not change the fluid output flow characteris-
tics of the respective actuation sequence. Therefore,
usually all "rotations" of an actuation sequence have to
be considered to be equivalent to each other. As an ex-
ample, an actuation sequence (A-B-C-D) is usually
equivalent to an actuation sequence (B-C-D-A), to an
actuation sequence (C-D-A-B), and to an actuation se-
quence (D-A-B-C). This equivalency can be particularly

understood, when considering that usually the fluid flow
demand will not change for relatively long time intervals
within typical applications. The respective actuation se-
quence will therefore usually be repeated for numerous
times.
[0033] Furthermore, when talking about actuations to
be performed, the actuations usually refer to the phase,
in which the respective actuation cycle performs an "ac-
tive" fluid flow, leaving the working chamber towards the
high-pressure side of the fluid working machine (in case
of a pump) and/or performs useful work (in the case of a
hydraulic motor). Of course, different definitions are pos-
sible as well. For example, the actuation could corre-
spond to the beginning of the contraction phase of the
respective working chamber.
[0034] Further advantages, features, and objects of
the invention will be apparent from the following detailed
description of the invention in conjunction with the asso-
ciated drawings, wherein the drawings show:

Fig. 1: shows a schematic diagram of a synthetically
commutated hydraulic pump with six cylinders;

Fig. 2: illustrates the part stroke pumping concept;

Fig. 3: illustrates, how an output fluid flow is generated
by the individual output flow of several cylin-
ders;

Fig. 4: a flow chart, illustrating a possible embodiment
of an algorithm for the calculation of an actua-
tion sequence.

[0035] In Fig. 1, an example of a synthetically commu-
tated hydraulic pump 1, with one bank 2, having six cyl-
inders 3 is shown. Each cylinder has a working space 4
of a cyclically changing volume. The working spaces 4
are essentially defined by a cylinder part 5 and a piston
6. A spring 7 pushes the cylinder part 5 and the piston 6
apart from each other. The pistons 6 are supported by
the eccentrics 8, which are attached off-centre of the ro-
tating axis of the same rotatable shaft 9. In the case of a
conventional radial piston pump ("wedding-cake" type
pump), multiple pistons 6 can also share the same ec-
centric 8. The orbiting movement of the eccentrics 8 caus-
es the pistons 6 to reciprocally move in and out of their
respective cylinder parts 5. By this movement of the pis-
tons 6 within their respective cylinder parts 5, the volume
of the working spaces 4 is cyclically changing.
[0036] In the example shown in Fig. 1, the synthetically
commutated hydraulic pump 1 is of a type with electrically
actuated inlet valves 10 and electrically actuated outlet
valves 11. Both inlet valves 10 and outlet valves 11 are
fluidly connected to the working chambers 4 of the cyl-
inders 3 on one side. On their other side, the valves are
fluidly connected to a low pressure fluid manifold 18 and
a high pressure fluid manifold 19, respectively. The ac-
tuations of the inlet valves 10 are controlled by an elec-
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tronic controller 16, for example by a printed circuit board
computer. The electronic controller 16 receives input sig-
nals from one or several sensors 17.
[0037] Because the synthetically commutated hydrau-
lic pump 1 comprises electrically actuated outlet valves
11, it can also be used as a hydraulic motor. Of course,
the valves, which are inlet valves during the pumping
mode, will become outlet valves during the motoring
mode and vice-versa.
[0038] Of course, the design could be different from
the example shown in Fig. 1, as well. For example, sev-
eral banks of cylinders could be provided for. It’s also
possible that one or several banks 2 show a different
number of cylinders, for example four, five, seven and
eight cylinders. Although in the example shown in Fig. 1,
the cylinders 3 are equally spaced within a full revolution
of the rotatable shaft 9, i. e. 60° out of phase from each
other, the cylinders 3 could be spaced uneveniy, as well.
Another possible modification is achieved, if the number
of cylinders in different banks 2 of the synthetically com-
mutated hydraulic pump 1 differ from each other. For
example, one bank 2 might comprise six cylinders 3,
while a second bank 2 of the synthetically commutated
hydraulic pump 1 comprises just three cylinders 3. Fur-
thermore, different cylinders can show different displace-
ments. For example, the cylinders of one bank could
show a higher displacement, as compared to the dis-
placement of the cylinders of another bank.
[0039] Of course, not only piston and cylinder pumps
are possible. Instead, other types of pumps can take ad-
vantage of the invention as well.
[0040] In Fig. 2 the fluid output flow 12 of a single cyl-
inder 3 is illustrated. In Fig. 2, a tick on the abscissa in-
dicates a turning angle of 30° of the rotatable shaft 9. At
0° (and of course at 360°, 720° and so on) the working
chamber 4 of the respective cylinder 3 starts to decrease
in volume. In the beginning, the electrically actuated inlet
valve 10 remains in its open position. Therefore, the fluid,
being forced outwards of the working chamber 4 will leave
the cylinder 3 through the still open inlet valve 10 towards
the low pressure fluid manifold. Therefore, in time interval
I, a "passive pumping" is done, i.e. the fluid, entering and
leaving the working chamber 4 is simply moved back to
the low pressure fluid manifold 18 and no effective pump-
ing towards the high pressure side of the hydraulic pump
1 is performed. In the example shown in Fig. 2, the firing
angle 13 is chosen to be at 120° rotation angle of the
rotable shaft 9 (and likewise 480°, 840°, etc.). At firing
angle 13, the electrically commutated valve 10 is closed
by an appropriate signal. Therefore, the remaining fluid
in working chamber 4 cannot leave the cylinder 3 via the
inlet valve 10 anymore. Therefore, pressure builds up,
which will eventually open the outlet valve 11 and push
the fluid towards the high pressure manifold. Therefore,
time interval II can be expressed as an "active pumping"
interval, i.e., the hydraulic fluid leaving the working cham-
ber 4 will leave the cylinder 3 towards the high pressure
fluid manifold. Hence, effective pumping is performed by

the hydraulic pump 1. Once the piston 6 has reached its
top dead center (or slightly afterwards) at 180° (540°,
900° etc.), outlet valve 11 will close automatically under
the force of the closing spring, and inlet valve 10 will be
opened by the underpressure, created in the working
chamber 4, when the piston 6 moves downwards. Now
the expanding working chamber 4 will suck in hydraulic
fluid via inlet valve 10. In the example of Fig. 2, an effec-
tive pumping of 25 % of the available volume of working
chamber 4 is performed.
[0041] Fig. 3 illustrates how a series of single pulses
15 of different volume fractions (including full stroke cy-
cles and idle stroke cycles) can be combined to generate
a certain total output flow 14. By choosing an actuation
sequence, wherein the number of pumping cycles as well
as the pumping volume fraction of each individual pump-
ing stroke 15 can be varied, an unlimited number of output
fluid flow rates can be achieved on the time average. The
total fluid output flow 14 of Fig. 3 is not necessarily of a
shape that is likely to be used as an actuation sequence
for real applications. However, it is a good example, on
how the fluid output flow 15 of individual cylinders sums
up to the total fluid output flow of the hydraulic pump.
[0042] In Fig. 4, a flowchart 32 is shown, illustrating an
embodiment of the algorithm for generating an actuation
sequence for actuating the fluid inlet valves 10 (and the
fluid outlet valves 11 as well, if applicable) of the synthet-
ically commutated hydraulic pump 1. The algorithm can
be implemented as a software program in an electronic
controller 16 of the synthetically commutated hydraulic
pump 1. The electronic controller 16 can be a printed
circuit board computer or the like.
[0043] The algorithm, shown in the flowchart 32 of Fig.
4 starts at the starting point 30. The algorithm is initiated
as soon as in starting step 30 it is noticed that a change
in fluid flow demand has occurred. The information about
the actual fluid flow demand comes from an input unit
34. The input unit 34 can be, for example, a sensor, which
is connected to a control lever or the like. The (unmodi-
fied) input value from the input unit 34 is first modified by
a filtering unit 33, which applies a hysteresis function, as
well as a short peak filtering function on the incoming
data. This modified data is used in starting step 30 for
checking, whether a change in fluid flow demand has
occurred.
[0044] Once the algorithm has started, first of all, the
accumulator variable is updated 35, i.e. the previous val-
ue of the accumulator variable is increased by the current
fluid flow demand. The fluid flow demand is interrogated
from the same source as described above, i.e. from an
input unit 34, whose data is modified by a filtering unit 33.
[0045] Once the accumulator variable has been updat-
ed in step 35, it is checked in step 20, whether the updated
accumulator is larger than or equal to a certain minimum
decision value. Usually, this minimum decision value is
the lower limit of pumping strokes of a larger size and/or
the lower limit of the large part stroke pulses. In other
words, the minimum decision value can be the upper
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value of the "forbidden" interval.
[0046] If the accumulator value is larger than or equal
to the minimum decision value, then a variable, indicating
the number of pulses of a larger size within the actuation
pattern to be calculated is incremented in step 21. Fur-
thermore, the accumulator value is decreased by the min-
imum decision value in step 21.
[0047] If, however, the accumulator value is smaller
than the minimum decision value, a variable, indicating
the number of pulses of smaller size is incremented in
step 22, while the accumulator remains unmodified.
[0048] Now, in step 23, a check is performed, whether
there exists an actuation sequence, having the actual
provisional sequence length, and which satisfies the ac-
cumulator totally. For this, it is checked whether the ac-
cumulator can be satisfied by one or several of the fol-
lowing modifications to the previously determined provi-
sional actuation sequence: a) one or several of the zero
stroke pulses are expanded to pulses of a smaller size
(e.g. small part stroke pulses); b) pulses of a larger size
(e.g. large part stroke pulses) are expanded by increas-
ing the respective pumping fraction and c) pulses of a
larger size (e.g. large part stroke pulses) are reduced in
size (without reducing them into the "forbidden" interval;
however a reduction to a pulse of a smaller size is pos-
sible) and steps a) and/or b) are performed additionally.
[0049] If it is found that no actuation sequence of the
actual length exists which fulfils the actual fluid flow de-
mand, the algorithm jumps directly 25 to step 26, where
the length of the provisional actuation sequence is incre-
mented.
[0050] If, however, the check 23 yields a positive result,
a rearrangement sequence 24 is performed. In this rear-
rangement sequence, pulses of a smaller size are ar-
ranged in front of pulses of a larger size. Within the re-
spective subgroups of pulses with a larger size and/or
pulses with a smaller size, the respective pulses are ar-
ranged in order of decreasing value. After this rearrange-
ment procedure 24 has been performed, the length of
the actuation sequence is incremented in step 26 as well.
[0051] In step 27, a check is performed, whether the
accumulator indeed has a value of zero. If this is not the
case, the algorithm jumps back 28 to step 35, where the
accumulator value 35 is updated by the current fluid flow
demand.
[0052] If, however, the accumulator value is zero, the
correct actuation sequence has been found. This actua-
tion sequence is commanded 29 to the electronic con-
troller 16, and the respective actuated valves 10 are ac-
tuated accordingly. The calculation algorithm has been
finished and stops at 31. Now the algorithm rests in hi-
bernation, until in starting step 30 it is noticed that the
(modified) fluid flow demand has changed. If such a
change is noticed, the algorithm starts again at starting
point 35.
[0053] The previously calculated actuation sequence
that has been commanded 29 to the electronic controller
16 will be stored in a buffer within the electronic controller

16. Therefore, the actuation sequence will be repeated
over and over again, until a new (modified) actuation se-
quence is commanded 29 to the electronic controller 16.
In case the fluid flow demand has changed and the cal-
culation of the new actuation sequence is underway, but
not yet finished when the actually performed actuation
sequence (as stored in the buffer) is completed, the ac-
tual actuation sequence (as stored in the buffer) is re-
peated once again.
[0054] By way of example, in the following two explicit
examples are given. both examples are given with re-
spect to the synthetically commutated hydraulic pump 1,
as shown in Fig. 1.
[0055] For the first example, the "forbidden" interval is
chosen to be 5% to 95%. In other words, only pumping
strokes with a pumping fraction between 0% and 5% and
between 95% and 100% are allowed. The fluid flow de-
mand is chosen to be 74% in this example.
[0056] In the first iteration (iteration 0), the accumulator
is updated to 74%. This value is smaller than the mini-
mum decision value of 95% (in this example). Hence, the
number of pulses with a smaller size is incremented and
reads "1 ". The accumulator remains to be 74% and the
provisional sequence reads "0". Hence, another iteration
will be performed.
[0057] In iteration 1, the accumulator is updated to
74%+74%=148%. Now the accumulator is larger than
the minimum decision value of 95%. Therefore, the
number of pulses with a larger size within the actuation
sequence is increased by one. Furthermore, the accu-
mulator is modified to 148%-95%=53% in step 21. The
provisional sequence now reads (0;95). This provisional
sequence cannot be modified by backward correction so
that the remaining accumulator will be 0. Hence, another
iteration will be performed.
[0058] In the next iteration 2, the accumulator is updat-
ed to 53%+74%=127%. Again, this value is above the
minimum decision value of 95%. The number of pulses
with a larger size and the length of the actuation se-
quence is increased by one again, and the accumulator
is modified to 127%-95%=32%. The provisional se-
quence now reads (0;95;95). Again, this provisional se-
quence cannot be modified by backward correction so
that the remaining accumulator will be 0. Hence, another
iteration will be performed.
[0059] In iteration 3, the accumulator is updated to
32%+74%=106%. Again, the number of pulses with a
larger size is incremented and the accumulator is modi-
fied to be 106%-95%=11 %. The provisional actuation
pattern now reads (0;95;95;95). Finally, backward cor-
rection is possible. In other words, the remaining accu-
mulator value of 11% can be dispensed with by updating
actuation pulses within the (previous) provisional actua-
tion sequence. The rule for getting the best values is to
place the pulses with a smaller size (i.e. the zero stroke
pulse) in front of the pulses with a larger size (i.e. the
pulses with more than 95%). Within the subgroup of puls-
es with a larger size, the pulses are preferably arranged
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in decreasing order. Furthermore, it is preferred to modify
(enlarge) pulses of a larger size instead of pulses with a
smaller size. Therefore, the final sequence will eventually
read (0;100;100;96). The actuation sequences
(100;100;96;0), (100;96;0;100) and(96;0;100;100) are
equivalent to the actuation sequence (0;100;100;96).
[0060] Now, a second example will be presented. For
the second example, three different ranges of pumping
strokes are allowed: zero stroke pulses (pumping fraction
of 0%), small part stroke pulses (with a pumping fraction
between 5% and 20%, including the limits) and large part
stroke pulses (with a pumping fraction between 80% and
100%, including the limits). The fluid flow demand is cho-
sen to be 67% in this example.
[0061] In the first iteration (iteration 0), the accumulator
is updated to 67%. This value is smaller than the mini-
mum decision value of 80% (according to this example).
Hence, the number of pulses with a smaller size is incre-
mented and reads "1". The accumulator remains to be
67% and the provisional sequence reads "0".
[0062] In iteration 1, the accumulator is updated to
67%+67%=134%. Now the accumulator is larger than
the minimum decision value of 80%. Therefore, the
number of pulses with a larger size within the actuation
pattern this increased by one. Furthermore, the accumu-
lator is modified to 134%-80%=54% in step 21. The pro-
visional sequence now reads (0;80). This provisional se-
quence cannot be modified by backward correction so
that the remaining accumulator will be 0. Hence, another
iteration will be performed.
[0063] In the next iteration 2, the accumulator is updat-
ed to 54%+67%=121%. Again, this value is above the
minimum decision value of 80%. The number of pulses
with a larger size and the length of the actuation se-
quence is increased by one again, and the accumulator
is modified to 121%-80%=41%. The provisional se-
quence now reads (0;80;80). Now the provisional se-
quence can already be modified by backward correction
in a way that the remaining accumulator will be 0.
[0064] Applying the usual rules (placing pulses with a
smaller size in front of the pulses with a larger size; ar-
ranging the single actuations within the respective sub-
group in decreasing order; preferably modifying (enlarg-
ing) pulses of a larger size instead of pulses with a smaller
size), the final sequence will eventually read (20;100;81).
Of course, the actuation sequences (100;81; 20) and (81;
20;100) are equivalent to the actuation sequence
(20;100;81).

Claims

1. Method (32) of operating a fluid working machine
(1), comprising at least one working chamber (4) of
cyclically changing volume, a high pressure fluid
connection (19), a low pressure fluid connection (18)
and at least one electrically actuated valve (10, 11),
connecting said at least one working chamber (4) to

said high pressure fluid connection (19) and/or said
low pressure fluid connection (18), wherein the ac-
tuation of said at least one electrically actuated valve
(10, 11) is varied depending on the fluid flow demand
(34) and/or on the mechanical power demand (34),
characterised in that for said at least one electri-
cally actuated valve (10, 11) an actuation sequence
(14), covering a plurality of working cycles (15) of
said at least one cyclically changing volume (4), is
calculated before said actuation sequence (14) is
applied.

2. Method (32) according to claim 1, characterised in
that the length of said actuation sequence (14) is
minimised.

3. Method (32) according to claim 1 or 2, characterised
in that at least one filtering function (33) for said fluid
flow demand (34) and/or said mechanical power de-
mand (34) is applied at least in part and/or at least
at times, in particular a hysteresis function, a peak
filtering function and/or a derivative consideration
function.

4. Method (32) according to any of the preceding
claims, characterised in that an actuation of said
electrically actuated valves (10, 11) is at least in part
and/or at least at times limited to at least one allowed
actuation range, preferably to a plurality of allowed
actuation ranges.

5. Method (32) according to claim 4, characterised in
that said at least one of said allowed actuation rang-
es is taken from the group, comprising zero stroke
pulses, small part stroke pulses, large part stroke
pulses and/or full stroke pulses.

6. Method (32) according to claim 4 or 5, characterised
in that at least one of said allowed actuation ranges,
in particular said small part stroke pulses and/or said
large part stroke pulses depend at least in part and/or
at least at times on at least one working condition of
said fluid working machine (1), in particular on the
viscosity of the fluid and/or on the pressure of the
fluid and/or on the temperature of the fluid and/or on
the speed of said fluid working machine (1).

7. Method (32) according to any of the preceding
claims, in particular according to any of claims 4 to
6, characterised in that at least in part and/or at
least at times said actuation sequence (14) compris-
es zero stroke pulses, full stroke pulses and part
stroke pulses.

8. Method (32) according to any of the preceding
claims, in particular according to any of claims 4 to
7, characterised in that within said actuation se-
quence (14), at least in part and/or at least at times

15 16 



EP 2 246 565 B1

10

5

10

15

20

25

30

35

40

45

50

55

pulses of a larger size, in particular large part stroke
pulses and/or full stroke pulses, are preferred.

9. Method (32) according to any of the preceding
claims, in particular according to any of claims 4 to
8, characterised in that within said actuation se-
quence (14), at least in part and/or at least at times
pulses of a smaller size, in particular zero stroke puls-
es and/or small part stroke pulses, are used for re-
placing at least one pulse of a larger size.

10. Method (32) according to any of the preceding
claims, in particular according to any of claims 4 to
9, characterised in that the actuations (15) within
said actuation sequence (14) are arranged at least
in part and/or at least at times in a way that pulses
of a smaller size, in particular zero stroke pulses
and/or small part stroke pulses, precede pulses of a
larger size, in particular large part stroke pulses
and/or full stroke pulses.

11. Method (32) according to any of the preceding
claims, in particular according to any of claims 4 to
10, characterised in that the actuations (15) within
said actuation sequence (14) are at least in part
and/or at least at times arranged in a way that within
subgroups of pulses of larger size, in particular within
subgroups of large part stroke pulses and/or full
stroke pulses, pulses with a larger size precede puls-
es with a smaller size.

12. Method (32) according to any of the preceding
claims, in particular according to any of claims 4 to
11, characterised in that the actuations (15) within
said actuation sequence (14) are at least in part
and/or at least at times arranged in a way that within
subgroups of pulses of smaller size, in particular
within subgroups of zero stroke pulses and/or small
part stroke pulses, pulses with a larger size precede
pulses with a smaller size.

13. Method (32) according to any of the preceding
claims, in particular according to any of claims 4 to
12, characterised in that the actuations (15) within
said actuation sequence (14) are arranged at least
in part and/or at least at times in a way that pulses
of a smaller size, in particular zero stroke pulses
and/or small part stroke pulses, and pulses of a larger
size, in particular large part stroke pulses and/or full
stroke pulses, are distributed over said actuation se-
quence (14).

14. Electronic controller unit (16) for the actuation of a
fluid working machine (1), comprising at least one
actuated valve (10, 11), characterised in that said
electronic controller unit (16) is designed and ar-
ranged in a way that the electronic controller unit (16)
actuates said at least one electrically actuated valve

(10, 11) at least at times according to the method
(32) according to any of claims 1 to 13.

15. Fluid working machine (1), comprising at least one
working chamber (4) of cyclically changing volume,
a high pressure fluid connection (19), a low pressure
fluid connection (18), at least one electrically actu-
ated valve (10, 11), connecting said working cham-
ber (4) to said high pressure fluid connection (19)
and/or said low pressure fluid connection (18) and
at least one electronic controller unit (16), charac-
terised in that said electronic controller unit (16) is
designed and arranged in a way that said electronic
controller unit (16) actuates at least one of said elec-
trically actuated valves (10, 11) at least at times ac-
cording to the method (32) according to any of claims
1 to 13

Patentansprüche

1. Verfahren (32) zum Betreiben einer Fluidarbeitsma-
schine (1), die mindestens eine Arbeitskammer (4)
mit sich zyklisch änderndem Volumen, eine Hoch-
druckfluidverbindung (19), eine Niedrigdruckfluid-
verbindung (18) und mindestens ein elektrisch be-
tätigtes Ventil (10, 11), das die mindestens eine Ar-
beitskammer (4) mit der Hochdruckfluidverbindung
(19) und/oder der Niedrigdruckfluidverbindung (18)
verbindet, umfasst, wobei die Betätigung des min-
destens einen elektrisch betätigten Ventils (10, 11)
abhängig von der Fluidströmungsanforderung (34)
und/oder von der mechanischen Leistungsanforde-
rung (34) variiert wird, dadurch gekennzeichnet,
dass für das mindestens eine elektrisch betätigte
Ventil (10, 11) eine Betätigungsfolge (14) berechnet
wird, die mehrere Arbeitszyklen (15) des mindestens
einen sich zyklisch ändernden Volumens (4) ab-
deckt, bevor die Betätigungsfolge (14) angewendet
wird.

2. Verfahren (32) nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Länge der Betätigungsfolge (14)
minimiert wird.

3. Verfahren (32) nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass mindestens eine Filterungs-
funktion (33) der Fluidströmungsanforderung (34)
und/oder der mechanischen Leistungsanforderung
(34) mindestens zum Teil und/oder mindestens zeit-
weise angewendet wird, insbesondere eine Hyste-
resefunktion, eine Spitzenfilterungsfunktion
und/oder eine Ableitungsberücksichtigungsfunkti-
on.

4. Verfahren (32) nach einem der vorhergehenden An-
sprüche, dadurch gekennzeichnet, dass eine Be-
tätigung der elektrisch betätigten Ventile (10, 11)
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mindestens zum Teil und/oder mindestens zeitweise
auf mindestens einen erlaubten Betätigungsbereich
beschränkt ist, bevorzugt auf mehrere erlaubte Be-
tätigungsbereiche.

5. Verfahren (32) nach Anspruch 4, dadurch gekenn-
zeichnet, dass der mindestens eine der erlaubten
Betätigungsbereiche aus einer Gruppe genommen
wird, die Nullhubimpulse, kleine Teilhubimpulse,
große Teilhubimpulse und/oder Vollhubimpulse um-
fasst.

6. Verfahren (32) nach Anspruch 4 oder 5, dadurch
gekennzeichnet, dass mindestens einer der er-
laubten Betätigungsbereiche, insbesondere die klei-
nen Teilhubimpulse und/oder die großen Teilhubim-
pulse, mindestens zum Teil und/oder mindestens
zeitweise von mindestens einer Arbeitsbedingung
der Fluidarbeitsmaschine (1) abhängen, insbeson-
dere von der Viskosität des Fluids und/oder dem
Druck des Fluids und/oder der Temperatur des Flu-
ids und/oder der Drehzahl der Fluidarbeitsmaschine
(1).

7. Verfahren (32) nach einem der vorhergehenden An-
sprüche, insbesondere nach einem der Ansprüche
4 bis 6, dadurch gekennzeichnet, dass mindes-
tens zum Teil und/oder mindestens zeitweise die Be-
tätigungsfolge (14) Nullhubimpulse, Vollhubimpulse
und Teilhubimpulse umfasst.

8. Verfahren (32) nach einem der vorhergehenden An-
sprüche, insbesondere nach einem der Ansprüche
4 bis 7, dadurch gekennzeichnet, dass innerhalb
der Betätigungsfolge (14) mindestens zum Teil
und/oder mindestens zeitweise Impulse einer grö-
ßeren Größe, insbesondere große Teilhubimpulse
und/oder Vollhubimpulse, bevorzugt werden.

9. Verfahren (32) nach einem der vorhergehenden An-
sprüche, insbesondere nach einem der Ansprüche
4 bis 8, dadurch gekennzeichnet, dass innerhalb
der Betätigungsfolge (14) mindestens zum Teil
und/oder mindestens zeitweise Impulse einer klei-
neren Größe, insbesondere Nullhubimpulse
und/oder kleine Teilhubimpulse, verwendet werden,
um mindestens einen Impuls einer größeren Größe
zu ersetzen.

10. Verfahren (32) nach einem der vorhergehenden An-
sprüche, insbesondere nach einem der Ansprüche
4 bis 9, dadurch gekennzeichnet, dass die Betä-
tigungen (15) innerhalb der Betätigungsfolge (14)
mindestens zum Teil und/oder mindestens zeitweise
auf eine Weise angeordnet sind, dass Impulse einer
kleineren Größe, insbesondere Nullhubimpulse
und/oder kleine Teilhubimpulse, Impulsen einer grö-
ßeren Größe, insbesondere großen Teilhubimpul-

sen und/oder Vollhubimpulsen, vorangehen.

11. Verfahren (32) nach einem der vorhergehenden An-
sprüche, insbesondere nach einem der Ansprüche
4 bis 10, dadurch gekennzeichnet, dass die Betä-
tigungen (15) innerhalb der Betätigungsfolge (14)
mindestens zum Teil und/oder mindestens zeitweise
auf eine Weise angeordnet sind, dass innerhalb von
Untergruppen von Impulsen von größerer Größe,
insbesondere innerhalb von Untergruppen von gro-
ßen Teilhubimpulsen und/oder Vollhubimpulsen,
Impulse mit einer größeren Größe Impulsen mit einer
kleineren Größe vorangehen.

12. Verfahren (32) nach einem der vorhergehenden An-
sprüche, insbesondere nach einem der Ansprüche
4 bis 11, dadurch gekennzeichnet, dass die Betä-
tigungen (15) innerhalb der Betätigungsfolge (14)
mindestens zum Teil und/oder mindestens zeitweise
in einer Weise angeordnet sind, dass innerhalb von
Untergruppen von Impulsen von kleinerer Größe,
insbesondere innerhalb von Untergruppen von Null-
hubimpulsen und/oder kleinen Teilhubimpulsen, Im-
pulse mit einer größeren Größe Impulsen mit einer
kleineren Größe vorangehen.

13. Verfahren (32) nach einem der vorhergehenden An-
sprüche, insbesondere nach einem der Ansprüche
4 bis 12, dadurch gekennzeichnet, dass die Betä-
tigungen (15) innerhalb der Betätigungsfolge (14)
mindestens zum Teil und/oder mindestens zeitweise
auf eine Weise angeordnet sind, dass Impulse einer
kleineren Größe, insbesondere Nullhubimpulse
und/oder kleine Teilhubimpulse, und Impulse einer
größeren Größe, insbesondere große Teilhubimpul-
se und/oder Vollhubimpulse, über die Betätigungs-
folge (14) verteilt sind.

14. Elektronische Steuereinheit (16) für die Betätigung
einer Fluidarbeitsmaschine (1), die mindestens ein
betätigtes Ventil (10, 11) umfasst, dadurch gekenn-
zeichnet, dass die elektronische Steuereinheit (16)
auf eine Weise ausgebildet und eingerichtet ist, dass
die elektronische Steuereinheit (16) das mindestens
eine elektrisch betätigte Ventil (10, 11) mindestens
zeitweise gemäß dem Verfahren (32) nach einem
der Ansprüche 1 bis 13 betätigt.

15. Fluidarbeitsmaschine (1), die mindestens eine Ar-
beitskammer (4) mit sich zyklisch änderndem Volu-
men, eine Hochdruckfluidverbindung (19), eine
Niedrigdruckfluidverbindung (18), mindestens ein
elektrisch betätigtes Ventil (10, 11), das die Arbeits-
kammer (4) mit der Hochdruckfluidverbindung (19)
und/oder der Niedrigdruckfluidverbindung (18) ver-
bindet, und mindestens eine elektronische Steuer-
einheit (16) umfasst, dadurch gekennzeichnet,
dass die elektronische Steuereinheit (16) auf eine
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Weise ausgebildet und eingerichtet ist, dass die
elektronische Steuereinheit (16) mindestens eines
der elektrisch betätigten Ventile (10, 11) mindestens
zeitweise gemäß dem Verfahren (32) nach einem
der Ansprüche 1 bis 13 betätigt.

Revendications

1. Procédé (32) de mise en oeuvre d’une machine à
travail de fluide (1) comprenant au moins une cellule
de travail (4) de volume changeant cycliquement, un
raccordement de fluide sous haute pression (19), un
raccordement de fluide sous basse pression (18) et
au moins une vanne actionnée électriquement (10,
11) reliant ladite au moins une cellule de travail (4)
au dit raccordement de fluide sous haute pression
(19) et/ou au dit raccordement de fluide sous basse
pression (18), l’actionnement de ladite au moins une
vanne actionnée électriquement (10, 11) variant en
fonction de la demande de circulation de fluide (34)
et/ou de la demande de puissance mécanique (34),
caractérisée en ce que, pour ladite au moins une
vanne actionnée électriquement (10, 11), est calcu-
lée une séquence d’actionnement (14), couvrant une
pluralité de cycles de fonctionnement (15) dudit au
moins une volume changeant cycliquement (4),
avant que ladite séquence d’actionnement (14) soit
appliquée.

2. Procédé (32) selon la revendication 1, caractérisé
en ce que la longueur de ladite séquence d’action-
nement (14) est minimisée.

3. Procédé (32) selon la revendication 1 ou la revendi-
cation 2, caractérisé en ce qu’au moins une fonc-
tion de filtrage (33) pour ladite demande de circula-
tion de fluide (34) et/ou pour ladite demande de puis-
sance mécanique (34) est appliquée au moins en
partie et/ou au moins à certains instants, en particu-
lier une fonction à hystérésis, une fonction de filtrage
de crête et/ou une fonction de prise en compte de
dérivée.

4. Procédé (32) selon l’une quelconque des revendi-
cations précédentes, caractérisé en ce que l’ac-
tionnement desdites vannes actionnées électrique-
ment (10, 11) est au moins en partie et/ou au moins
à certains instants limités à au moins une plage d’ac-
tions autorisée, de préférence à une pluralité de pla-
ges d’actions autorisées.

5. Procédé (32) selon la revendication 4, caractérisé
en ce que au moins l’une desdites plages d’actions
autorisées est prise du groupe comprenant des im-
pulsions de course nulle, des impulsions de faible
partie de course, des impulsions de grande partie
de course et/ou des impulsions de la totalité de la

course.

6. Procédé (32) selon la revendication 4 ou la revendi-
cation 5, caractérisé en ce qu’au moins l’une des-
dites plages d’actions autorisées, en particulier ladi-
te plage comprenant des impulsions de faible partie
de course et/ou ladite plage comprenant des impul-
sions de grande partie de course, dépend au moins
en partie et/ou au moins à certains instants d’au
moins une condition de fonctionnement de ladite ma-
chine à travail de fluide (1), en particulier de la vis-
cosité du fluide et/ou de la pression du fluide et/ou
de la température du fluide et/ou de la vitesse de
ladite machine à travail de fluide (1).

7. Procédé (32) selon l’une quelconque des revendi-
cations précédentes, en particulier selon l’une quel-
conque des revendications 4 à 6, caractérisé en ce
que ladite séquence d’actions (14), au moins en par-
tie et/au moins à certains instants, comprend des
impulsions de course nulle, des impulsions de la to-
talité de la course et des impulsions d’une partie de
la course.

8. Procédé (32) selon l’une quelconque des revendi-
cations précédentes, en particulier selon l’une quel-
conque des revendications 4 à 7, caractérisé en ce
que les impulsions de taille plus grande sont préfé-
rées dans ladite séquence d’actions (14), au moins
en partie et/au moins à certains instants, en particu-
lier des impulsions de grande partie de course et/ou
des impulsions de la totalité de la course.

9. Procédé (32) selon l’une quelconque des revendi-
cations précédentes, en particulier selon l’une quel-
conque des revendications 4 à 8, caractérisé en ce
que les impulsions de taille plus petite sont utilisée
pour remplacer en moins une impulsion de taille plus
grande dans ladite séquence d’actions (14), au
moins en partie et/au moins à certains instants, en
particulier des impulsions de course nulle et/ou des
impulsions de faible partie de course.

10. Procédé (32) selon l’une quelconque des revendi-
cations précédentes, en particulier selon l’une quel-
conque des revendications 4 à 9, caractérisé en ce
que les actionnements (15) dans ladite séquence
d’actions (14) sont agencés au moins en partie et/ou
au moins à certains instants de manière à ce que
des impulsions d’une taille plus petite, en particulier
des impulsions de course nulle et/ou pour des im-
pulsions de faible partie de course, précèdent des
impulsions de taille plus grande, en particulier des
impulsions de grande partie de course et/ou des im-
pulsions de la totalité de la course.

11. Procédé (32) selon l’une quelconque des revendi-
cations précédentes, en particulier selon l’une quel-
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conque des revendications 4 à 10, caractérisé en
ce que les actionnements (15) dans ladite séquence
d’actions (14) sont au moins en partie et/au moins à
certains instants agencés de sorte à ce que, à l’in-
térieur de sous-groupes d’impulsions de taille plus
grande, en particulier à l’intérieur de sous-groupes
d’impulsions de grande partie de course et/ou d’im-
pulsions de la totalité de la course, les impulsions
de taille plus grande précèdent d’impulsions de taille
plus petite.

12. Procédé (32) selon l’une quelconque des revendi-
cations précédentes, en particulier selon l’une quel-
conque des revendications 4 à 11, caractérisé en
ce que les actionnement (15) dans ladite séquence
d’actions (14) sont au moins en partie et/au moins à
certains instants agencés de sorte à ce que, à l’in-
térieur de sous-groupes d’impulsions de taille plus
petite, en particulier à l’intérieur de sous-groupes
d’impulsions de course nulle et/ou d’impulsions de
faible partie de course, les impulsions de taille plus
grande précèdent les impulsions de taille plus petite.

13. Procédé (32) selon l’une quelconque des revendi-
cations précédentes, en particulier selon l’une quel-
conque des revendications 4 à 12, caractérisé en
ce que les actionnements (15) dans ladite séquence
d’actions (14) sont agencés au moins en partie et/ou
au moins à certains instants de sorte à ce que des
impulsions de taille plus petite, en particulier des im-
pulsions de course nulle et/ou des impulsions de fai-
ble partie de course, et des impulsions de taille plus
grande, en particulier des impulsions de grande par-
tie de course et/ou des impulsions de la totalité de
la course soient réparties sur ladite séquence d’ac-
tions (14).

14. Unité de contrôleur électronique (16) pour la mise
en oeuvre d’une machine à travail de fluide (1) com-
prenant au moins une vanne actionnée électrique-
ment (10, 11), caractérisée en ce que ladite unité
de contrôleur électronique (16) est conçue et agen-
cée de sorte à ce que l’unité de contrôleur électro-
nique (16) actionne ladite au moins une vanne ac-
tionnée électriquement (10, 11) au moins à certains
instants conformément au procédé (32) décrit selon
l’une quelconque des revendications 1 à 13.

15. Machine à travail de fluide (1) comprenant au moins
une cellule de travail (4) de volume changeant cycli-
quement, un raccordement de fluide sous haute
pression (19), un raccordement de fluide sous basse
pression (18), au moins une vanne actionnée élec-
triquement (10, 11) reliant ladite cellule de travail (4)
au dit raccordement de fluide sous haute pression
(19) et/ou au dit raccordement de fluide sous basse
pression (18), et au moins une unité de contrôleur
électronique (16), caractérisée en ce que ladite uni-

té de contrôleur électronique (16) est conçue et
agencée de sorte à ce que ladite unité de contrôleur
électronique (16) actionne au moins l’une desdites
vannes actionnées électriquement (10, 11) au moins
à certains instants conformément au procédé (32)
décrit selon l’une quelconque des revendications 1
à 13.
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