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(54) IMPROVED TEST DEVICE FOR HYDRAULIC COMPONENTS

(57) The invention relates to a hydraulic arrangement
(1, 49) for generating a series (35) of periodic fluid pres-
sure pulses (36). The hydraulic arrangement (1, 49) com-
prises a synthetically commutated hydraulic pump (4), a
fluid output connector (3) for an external device (2), a
fluid conduit (9, 10) connecting said synthetically com-

mutated hydraulic pump (4) and said fluid output connec-
tor (3), a triggerable orifice device arrangement (22) con-
nected to said fluid conduit (9, 10), at least a pressure
transducer (18, 33) being fluidly connected to said fluid
conduit (9, 10), and a control device (6) for controlling
said hydraulic arrangement (1).
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Description

[0001] The invention relates to an arrangement for
generating a series of periodic fluid pressure pulses. The
invention further relates to a use of such a hydraulic ar-
rangement. Further, the invention relates to a method of
performing a test cycle for hydraulic components.
[0002] Hydraulic circuits are widespread in the present
technology for a vast variety of purposes. Consequently,
not only a large variety of arrangements exist, but also a
large variety of different hydraulic components.
[0003] To be able to provide sufficiently reliable hy-
draulic machines with a sufficiently long lifetime, the hy-
draulic components of such hydraulic machine designs
need to be tested. One frequently employed test is a re-
petitive pressurisation and depressurisation of hydraulic
components, where the characteristics of the respective
component are detected and/or analysed at the end of
the test, potentially meeting criteria which define a ’pass’
after a characteristic period of testing.
[0004] Over time, stringent reliability requirements
have lead to the development of industry standard test
cycles, and an accordingly high number of pressurisation
cycles have to be applied to a hydraulic component to
be tested. This can take a significant amount of time.
Therefore, to speed up the testing process, and conse-
quently to be able to shorten the development and cer-
tification time of hydraulic components, it is desired to
perform a large number of pressurisation cycles in a short
period of time (and to create a corresponding test device
for testing hydraulic components to provide this). Hence,
the time between two pressurisation cycles should be
sufficiently low (where a minimum length of time is nev-
ertheless necessary according to typical test cycle stand-
ards), or - seen vice versa - the frequency of the pres-
surisation cycles should be accordingly high.
[0005] Furthermore, depending on the hydraulic com-
ponent to be tested, the pressures that have to be gen-
erated by the test device have to be quite large at times.
For example, for a variety of hydraulic devices, a test
pressure of some 300, 400 or 500 bar is frequently called
for. Considering the number of pressure cycles to per-
formed, typical cycle lengths are in the hundreds, thou-
sands or even higher. Furthermore, the test device
should also be energy efficient, since the energy con-
sumption of such hydraulic test devices can be quite sig-
nificant.
[0006] In view of the various requirements for hydraulic
test devices, a large number of designs of hydraulic test
devices has been proposed in the state of the art.
[0007] However, there is still room for improvement. In
particular, there is a desire to further increase the fre-
quency of the applied pressure pulses and/or to lower
the energy consumption of the hydraulic test device.
[0008] It is therefore the object of the present proposal
to suggest a hydraulic arrangement for generating a se-
ries of periodic fluid pressure pulses that is improved over
such hydraulic arrangements for generating a series of

periodic fluid pressure pulses that are known in the state-
of-the-art.
[0009] It is another object of the invention to propose
a method of performing a test cycle for hydraulic compo-
nents that is improved over methods of performing a test
cycle for hydraulic components that are known in the
state-of-the-art.
[0010] The present invention solves these objects.
[0011] It is suggested to design a hydraulic arrange-
ment for generating a series of periodic fluid pressure
pulses in a way that it comprises a synthetically commu-
tated hydraulic pump, a fluid output connector for an ex-
ternal device, a fluid conduit connecting said synthetically
commutated hydraulic pump and said fluid output con-
nector, a triggerable orifice device arrangement connect-
ed to said fluid conduit, at least a pressure transducer
being fluidly connected to said fluid conduit, and a control
device for controlling said hydraulic arrangement. In prin-
ciple, the hydraulic arrangement for generating a series
of periodic fluid pressure pulses can be connected to any
kind of external (hydraulic) device. The decisive feature
is mainly that the respective external device has to be
applied with a series of periodic fluid pressure pulses that
may be delivered by the presently proposed hydraulic
arrangement. Further, the external device can be a more
or less complex hydraulic arrangement, or may be simply
a single hydraulic component. A particular use for apply-
ing a series of periodic fluid pressure pulses to an external
device is, however, a test device/test stand for testing
the reliability and sufficient quality over a certain time
span of an external device to be connected to the pres-
ently proposed hydraulic arrangement. However, differ-
ent uses are possible as well. When talking about a series
of periodic fluid pressure pulses, typically a comparative-
ly large number of consecutive fluid pressure pulses have
to be envisaged. In particular more than 10, 100, 1000,
2000, 5000 or even 10,000 fluid pressure pulses have to
be applied for a usual test run for the external device to
be tested. Furthermore, when talking about a series of
periodic fluid pressure pulses, the frequency of the fluid
pressure pulses/the distance between two consecutive
periodic fluid pressure pulses should normally be about
the same. However, certain deviations from an identical
spacing between two consecutive fluid pressure pulses
may be present as well. As an example, the distance
between two consecutive fluid pressure pulses should
usually not differ by a factor of more than 1.1, 1.2, 1.5,
2, 3 or 5. This may also apply to the smallest and largest
temporal distance between two consecutive fluid pres-
sure pulses in a series/block of 10, 100, 500 or 1000 fluid
pressure pulses. Furthermore, usually the individual fluid
pressure pulses of the series of periodic fluid pressure
pulses should be essentially the same. This may apply
to the height of the fluid pressure pulses (maximum pres-
sure), the length of the fluid pressure pulses (in particular
the time length during which the peak pressure is applied;
plateau phase) and/or the shape of the fluid pressure
pulses. In particular, this may apply to two consecutive
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fluid pressure pulses, or to fluid pressure pulses out of a
series of up to 10, 100, 500 or 1000 fluid pressure pulses
that do differ from each other with respect to one or sev-
eral of the aforementioned features. The difference
should be usually not larger than 1.1, 1.2, 1.5, 2, 3 or 5.
While the fractional difference is usually obvious to a per-
son skilled in the art, when it comes to the pulses’ heights
or the pressure pulses’ length/width, the shape may be
defined in a numerical way by the slope of the rising flank,
the slope of the falling flank and/or the length of the pla-
teau phase (where the aforementioned fractions may be
applied in analogy).
[0012] The hydraulic pump is of a synthetically com-
mutated hydraulic pump type. These pumps are also
known in the state of the art as so-called Digital Displace-
ment® Pumps (DDPs). They form a unique type of hy-
draulic pumps with electrically actuated fluid inlet valves
for the pumping chamber(s). Sometimes they also show
actuated fluid outlet valves for the pumping chamber(s),
in particular, if a motoring mode for the pump has to be
achieved, in which the machine works as a hydraulic mo-
tor. The at least one pumping chamber of the synthetically
commutated hydraulic pump shows a chamber with cy-
clically variable inner volume. Typically, a reciprocally
moving piston is arranged in the chamber for creating
such an internal volume with cyclically varying volume.
When the inner volume expands, fluid is sucked into the
chamber through an inlet conduit, past the open inlet
valve. Contrary to standard pumps, the inlet valve re-
mains open, unless an electric signal is applied to the
inlet valve. If the inlet valve remains open during the com-
plete cycle (no closing actuation of the inlet valve), the
fluid in the pumping chamber is simply pushed back into
the inlet conduit, so that no effective pumping of fluid
towards the high-pressure side is effectuated. If, howev-
er, the fluid inlet valve is closed by actuating the valve at
an appropriate time, the fluid cannot flow back into the
fluid inlet conduit, but will be pushed through the fluid
outlet valve into the fluid outlet conduit at an appropriately
high pressure. It is to be noted that - in principle - the fluid
inlet valve can be electrically closed at any position during
the contraction phase of the inner volume in the course
of a pumping cycle. Consequently, a fraction between
0% to 100% of the overall available pumping displace-
ment my be pumped towards the high-pressure side (i.e.
into the fluid outlet conduit). It is to be noted that due to
the design of synthetically commutated hydraulic pumps,
the pumped volume (reference to verb pump mean
pumping towards the high-pressure side of the synthet-
ically commutated hydraulic pump; this is in contrast to
an "idle pumping" back towards the fluid inlet channel
past the open fluid inlet valve) of fluid can be varied on
a cycle-by-cycle basis between every possible fractional
value, i.e. a jump from 0 to 50% or 100% (just to name
some examples) from one pumping cycle to the next
pumping cycle (or vice versa) is possible. While the syn-
thetically commutated hydraulic pump may be designed
with a single pumping chamber, usually the synthetically

commutated hydraulic pump comprises several individ-
ual pumping chambers with an actuated fluid inlet valve
and a (possibly actuated) fluid outlet valve, respectively.
It is to be noted that the pumping fractions of the various
pumping chambers can be individually chosen and may
be different from each other, albeit they can be the same
as well. The fluid output connector (high-pressure side)
of the hydraulic arrangement can be designed according
to any connector type that is known in the prior art. In
particular, they can be simply an end tube with a thread,
but they can also be of a fast connector type or the like.
[0013] The pressure transducer can be of any design
that is known in the state of the art. In particular, the
pressure transducer can be a traditional pressure trans-
ducer or potentially a pressure gauge.
[0014] The triggerable orifice device arrangement may
be a device that opens abruptly, i.e. in a very short time
span, from a (essentially) closed position to its open po-
sition (or vice versa from an open to its closed position).
The nature of the triggering signal may vary. It might be
an externally applied signal, where the signal might be
applied in form of an electric signal, a fluid pressure sig-
nal, a mechanical signal, a magnetic signal, or the like.
Further, it may be an internal signal as well, meaning that
the triggering orifice device arrangement may be trig-
gered based on the fluid pressure that is present at one
of its fluid ports, or possibly based on a pressure differ-
ential across the triggerable orifice device arrangement.
Similarly, the closing behaviour of the triggerable orifice
device arrangement may be based on an externally ap-
plied signal and/or an internal pressure value (pressure
value at one of the fluid ports and/or pressure difference).
Similarly, both may be true as well, meaning, for example,
that the triggerable orifice device arrangement may be
triggered by an external signal, but opens at a certain
internal pressure as well, whatever comes first. When
talking about a short opening time, typically opening
times of less than 1 ms, 2 ms, 5 ms, 7.5 ms or 10 ms
from the closed to the triggered, open position (and/or
vice versa) may be envisaged. It should be noted that
the triggering signal and/or the triggering times might vary
depending on the applied triggering signal and/or on
whether the triggerable orifice device arrangement
opens or closes. While according to a typical design, the
orifice of the triggerable orifice arrangement device has
a comparatively large fluid flow cross-section, so that a
large fluid flow throughput may be realised, it is also pos-
sible that the orifice is somewhat restricted, so that a
certain throttling behaviour is present (which might be
useful for an inclined depressurisation flank of a pressure
pulse. According to a possible example, the size of the
orifice of the triggerable orifice device arrangement may
be changeable and/or variable as well, for example by a
mechanical replacement of an orifice and/or based on
an externally applied adjustment signal (the signal may
be applied mechanically (possibly even by an operator),
electrically, fluidly or the like). Only for completeness it
should be mentioned that it is also possible that the trig-
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gerable orifice device arrangement does not show an
express fast opening and/or fast closing behaviour. Rath-
er, it is also possible that the triggerable orifice device
arrangement is designed as a variable orifice device, for
example. Hence, the notion "triggerable orifice device
arrangement" might also be replaced by "orifice device",
in particular "variable orifice device".
[0015] The control device may be of an arbitrary de-
sign. Typically, the control device is an electronic device,
more preferably a programmable electronic device, like
an electronic controller or the like. It is to be noted that
the control device may be a dedicated device for the hy-
draulic arrangement for generating a series of periodic
fluid pressure pulses, but may be also a so-to-say uni-
versal device that does not only control the hydraulic ar-
rangement for generating a series of periodic fluid pres-
sure pulses, but also does control other devices and/or
performs at least one measurement functionality. An ex-
ample for this would be a measurement of some property
of the external device, once such an external device is
connected to the fluid output connector of the hydraulic
arrangement. In particular, the control device may control
the functionality of the synthetically commutated hydrau-
lic pump, in particular of the actuation of its controllable
valves. This way, the control device can particularly con-
trol the rising pressure flank of the series of periodic fluid
pressure pulses, and potentially also maintains a certain
pressure for a certain time (plateau phase), in particular
in a fully pressurised state and/or in a fully depressurised
state (waiting times with high-pressure or plateau
phase/waiting times with low-pressure or dwell phase).
Furthermore, the control device may control the function-
ality of the triggerable orifice device arrangement, in par-
ticular it may apply a triggering signal for the triggerable
orifice device arrangement. Furthermore, the control de-
vice may input data from the at least one pressure trans-
ducer, in particular for performing its control functionality.
For completeness, it should be mentioned that the control
device may also control various other devices and/or may
input data from various other devices, in particular of de-
vices that will be explained and suggested in the follow-
ing. In particular, the control device may also comprise
a connection to a user terminal or to a computer network,
so that it can be easily programmed and/or so that the
data can be easily retrieved from the control device. Fur-
ther, the communication to the various controlled devices
and/or sensors or the like may be made using dedicated
electric cables and/or using data buses, where a combi-
nation of both systems is also possible, so that some
devices are actuated by dedicated lines (usually at least
the control signal for the controlled valves), while data
buses are used for (some of the) other devices.
[0016] It is suggested to design the hydraulic arrange-
ment for generating a series of periodic fluid pressure
pulses in a way that said triggering orifice device arrange-
ment comprises a trigger valve unit that can be triggered
using an external signal, wherein said trigger valve unit
can be triggered electrically, mechanically and/or fluidly,

and wherein said trigger valve unit is preferably designed
as a pilot operated check valve. Such pilot operated
check valves are also known as pilot-to-close check
valves, at least for certain designs. The triggering can
relate to an opening of the trigger valve unit and/or to a
closing of the trigger valve unit. Although the trigger valve
unit is presently proposed to be a pilot operated check
valve, different valves can be used for this purpose as
well.
[0017] In particular, a triggerable orifice device ar-
rangement may be designed in a way that it comprises
two or more subunits. In particular, one of the subunits -
namely the trigger valve unit - may be of a type that it
can effectuate a fast opening and/or closing of the trigger
valve unit, essentially without any intermediary steps.
The trigger valve unit may be so-to-say a "binary" unit
that either shows an open or closed state. In particular,
at least an opening time and/or a closing time of the trig-
ger valve unit (and hence of the triggerable orifice device
arrangement) may be faster than 1 ms, 2 ms, 3 ms, 5
ms, 7.5 ms or 10 ms. Further, what is said in the context
of the triggerable orifice device arrangement may be ap-
plied to the trigger valve unit as well, at least in analogy.
Furthermore, the triggerable orifice device arrangement
may comprise an orifice device that can induce a certain
(possibly variable) fluid flow cross-section or can provide
a certain fluid throughput in a controllable way (where it
is to be understood that the fluid flow throughput usually
depends on the pressure difference across the orifice as
well). It is to be noted that the orifice can be a fixed orifice,
an exchangeable orifice (for example by mechanically
exchanging the orifice) or a variable orifice, where the
variation can be effectuated by mechanical means (either
by a mechanical actuator and/or possibly even by an op-
erator) or by another type of external signal, like any ex-
ternal electric and/or fluid signal. The respective sub-
units may be arranged in series, i.e. one following another
along a fluid conduit.
[0018] Furthermore it is proposed to design the hydrau-
lic arrangement in a way that the triggerable orifice device
arrangement comprises an orifice with a variable size,
wherein the size of the orifice can be preferably controlled
by the control device and/or by varying a mechanical or-
ifice. In particular, such devices are as such known as
so-called proportional valves. When using a variable or-
ifice, in particular the shape and/or slope of a pressure-
decreasing flank of the pressure pulses can be chosen
essentially freely.
[0019] Furthermore, it is suggested that the hydraulic
arrangement is designed and arranged in a way that the
fluid conduit comprises a pressure intensifier device,
wherein the pressure intensifier device divides the fluid
conduit into a medium-pressure fluid conduit and a high-
pressure fluid conduit. Preferably, the pressure intensi-
fier device provides, at least at times, a physical fluid
connection between the medium-pressure fluid conduit
and the high-pressure fluid conduit. In particular, this
physical fluid connection that is provided at least at times
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may be realised by at least one check valve that forms
part of the pressure intensifier device and/or is arranged
in the vicinity (upstream and/or downstream along the
fluid conduit) of the pressure intensifier device. However,
it is to be noted that such a physical fluid connection may
be designed with certain limitations, for example that
there is no direct fluid connection (but only a fluid con-
nection via a certain fluid circuitry (including certain de-
vices), via a fluid reservoir, via a charging pump or the
like, or that the fluid connection is somehow limited, for
example by means of an orifice (in particular with a small
fluid flow cross-section), a check valve and/or a switch-
able valve or the like. Using this design, it is possible to
create very high-pressure fluid pulses in the fluid output
connector and hence for the external device. Neverthe-
less, the synthetically commutated fluid pump may be of
a simpler design, since it has to create only pressures in
a lower (typically medium-pressure) range. Just to name
some examples, using a pressure intensifier, the medi-
um-pressure circuit can range between 20, 30, 40, 50,
60, 70, and 80 bar (lower limit) and 30, 40, 50, 60, 70,
80 and 100 bar (upper limit). Nevertheless, the high-pres-
sure fluid conduit can show a pressure in a range that is
typically required for high-pressure hydraulic equipment.
Namely, the pressures can be in a range between 200,
225, 250, 275 and 300 bar (lower limit) and 300, 400,
500 bar or even higher (upper limit, if there is an upper
limit at all). Furthermore, the notion of a medium-pressure
fluid conduit and a high-pressure fluid conduit can be a
relative notion, meaning that the medium-pressure fluid
conduit has a lower pressure (or, at times, about the same
pressure), as compared to the high-pressure fluid con-
duit, at least during certain parts (preferably major parts)
of a pressurisation and depressurisation cycle. Further,
both the medium-pressure fluid conduit and the high-
pressure fluid conduit may have a higher pressure than
the pressure before the synthetically commutated hy-
draulic pump, which may be ambient pressure and/or the
pressure of a fluid reservoir, feeding the synthetically
commutated hydraulic pump. As a pressure intensifier
device, all devices that are known in the prior art can be
used for this purpose. Typically, such a pressure inten-
sifier device comprises a slidable piston, the slidable pis-
ton comprising a piston section with a larger cross-sec-
tion and a piston section with a smaller cross-section.
The cross sections of the respective piston sections will
translate into a corresponding ratio of the input and output
pressures. It is to be noted that typically such pressure
intensifier devices show the feature that the fluid flow
volume that is available on the high-pressure side is typ-
ically smaller, quite frequently even significantly smaller,
as compared to the fluid flow volumes on the medium-
pressure side (lower pressure side) of the pressure in-
tensifier device. However, this is not necessarily a dis-
advantage. In particular, in the case of using the hydraulic
arrangement for purposes of a test device for other hy-
draulic devices, no large fluid flows are usually needed
on the high-pressure side. Rather, the pressures that can

be reached are typically the relevant feature. Only for
completeness it should be mentioned that a plurality of
(two, three, four or more) pressure intensifier devices can
be used as well.
[0020] Furthermore, it is suggested to design the hy-
draulic arrangement in a way that it comprises a check
valve that is arranged in the fluid conduit. The fluid conduit
can be a hose or tube. However, the fluid conduit can
also be a void in a certain part of the various parts of the
hydraulic arrangement (such as a number of channels in
a metal block). In particular, a check valve may be ar-
ranged between the medium-pressure fluid conduit and
the high-pressure fluid conduit. More preferably, the
check valve is designed and arranged to be a part of the
pressure intensifier device. In particular, it can be de-
signed to be located inside of the movable piston of the
pressure intensifier device (a typical standard design for
a pressure intensifier device is assumed). Also, the check
valve can be arranged in the housing of the pressure
intensifier device. Hence, such a check valve might be
addressed as a "pressure section separating check
valve" (since it separates the fluid conduit into two sec-
tions with a different pressure level), or the like. Addition-
ally or alternatively, in an embodiment without the pres-
sure intensifier an equivalent check valve to the pressure
section separating check valve can be arranged between
a first part of the fluid conduit and a second part of the
fluid conduit. This equivalent valve functions to replace
the pairing of the pressure intensifier and the pressure
separating check valve. The first part of the fluid conduit
neighbours (is directed towards) the synthetically com-
mutated hydraulic pump, while the second part of the
fluid conduit neighbours (is directed towards) the fluid
output connector. Hence, such check valve may also be
referred to as a "functional section separating check
valve" (since it separates the fluid conduit into two func-
tional sections), or the like. However, if a pressure inten-
sifier is present, an additional check valve may be present
that is arranged between the pressure intensifier device
and fluid output connector of a second part of the fluid
conduit, and that supplements the check valve (pressure
section separating check valve) in the intensifier, will be
advantageous. Hence such additional check valve may
also be referred to as an isolating check valve. Then,
certain parts of the medium-pressure fluid conduit and
the first part of the fluid conduit (meaning that the part of
the fluid conduit between the synthetically commutated
hydraulic pump and the functional section separating
check valve or the pressure intensifier, whatever is closer
to the synthetically commutated hydraulic pump, will be
(a part of) the medium-pressure fluid conduit and (a part
of) the first part of the fluid conduit at the same time), as
well as parts of the high-pressure fluid conduit and the
second part of the fluid conduit will usually fall together
(meaning that the part of the fluid conduit between the
check valve or the pressure intensifier, whatever is closer
to the fluid output connector, and the fluid output connec-
tor will be (a part of) the high-pressure fluid conduit and
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(a part of) the second part of the fluid conduit at the same
time). A (fluid) connection is usually to be interpreted in
a way that it may be either directly, or in that at least one
other device is arranged in between, typically in series
with the check valve. Using a design according to the
present suggestion, the hydraulic arrangement is partic-
ularly well-suited for a use as a test device for hydraulic
components. In particular, by using this arrangement, a
suitable supply of a sufficient amount of fluid can be ef-
fectuated at the output connector/for an external device
to be connected to the output connector by the synthet-
ically commutated hydraulic pump, albeit a pressure in-
tensifier device, or another type of device, is used. This
results in a reliable and affordable design of the hydraulic
arrangement. Only for completeness it should be men-
tioned that even more check valves (three, four, five or
more; i.e. a plurality of) can be used as well.
[0021] According to another possible embodiment, the
hydraulic arrangement is designed in a way that the trig-
gerable orifice device arrangement, in particular the trig-
ger valve unit, is triggered by fluid pressure in the fluid
conduit part between the synthetically commutated hy-
draulic pump and the check valve. This can be addition-
ally or alternatively understood as a triggering by the fluid
pressure in the medium-pressure fluid conduit (in case
a medium-pressure fluid conduit is present; this is typi-
cally the case if a pressure intensifier device is present)
and/or by a triggering by the fluid pressure in the first part
of the fluid conduit (in case a first part of the pressure
intensifier device is present; this is typically the case if
no pressure intensifier device is present). In this context,
the fluid pressure may be understood as a fluid pressure
ratio between a first pressure in the fluid conduit part
between the synthetically commutated hydraulic pump
and the check valve (medium-pressure fluid conduit/first
part of the fluid conduit) and a second fluid pressure in
the high-pressure fluid conduit (second part of the fluid
conduit).
[0022] Furthermore, it is suggested that the hydraulic
arrangement is designed in a way that it comprises a fluid
flux valve that is connected to the fluid conduit, preferably
to the fluid conduit part between the synthetically com-
mutated hydraulic pump and the check valve and/or to
the medium-pressure fluid conduit and/or the first part of
the fluid conduit. Preferably, this fluid flux valve is a nee-
dle valve. This way, the fluid pressure in the respective
part of the fluid conduit can be easily lowered (de-
creased), in] particular in a way that a (internal) trigger
signal for the triggerable orifice device arrangement/the
trigger valve unit can be provided. The pressure increase
is performed by an appropriate actuation of the synthet-
ically commutated hydraulic pump. It is to be noted that
due to the presently proposed fluid flux valve the syn-
thetically commutated hydraulic pump can easily com-
pensate the fluid losses induced by this fluid flux valve.
It is admitted that this results in a certain loss of fluid
(leakage) and therefore in a certain loss of energy. Pref-
erably the fluid flux valve remains closed during the pres-

surisation period. Following this period, once the target
pressure is achieved, the valve opens. Using a needle
valve for the fluid flux valve, there is always a leakage,
however this leakage and corresponding energy loss is
negligible. The generated pump flow will be able to com-
pensate for such leakage losses. Preferably, the needle
valve can be adjusted to optimise the hydraulic arrange-
ment for providing a certain frequency, pulse shape or
the like of the series of periodic fluid pressure pulses,
generated by the presently proposed hydraulic arrange-
ment. Only for completeness it should be mentioned that
a plurality of (two, three, four or more) fluid flux valves
can be used as well.
[0023] Further, it is suggested that the hydraulic ar-
rangement comprises at least a fluid accumulator that is
at least at times fluidly connected to a part of the hydraulic
arrangement that is at least at times at an elevated pres-
sure level, wherein said fluid accumulator is preferably
connected to a movable device of the hydraulic arrange-
ment to move said movable device to a defined position.
The movable device may be particularly (a part of) a pres-
sure intensifier device (for example a slidable piston of
a pressure intensifier device). Hence, the fluid accumu-
lator may be connected to a pressure intensifier device.
In particular, the fluid accumulator may be connected to
said pressure intensifier device to move the pressure in-
tensifier device (or a part thereof) to a standby position.
This way, it is easily possible that the synthetically com-
mutated hydraulic pump may create a fluid pressure that
may be used to return the pressure intensifier device (or
another device) to its standby position or retracted posi-
tion. It is to be noted that such an active return of the
respective device may have to be performed when the
fluid pressure in the fluid conduits has to be lowered, and
correspondingly the synthetically commutated hydraulic
pump will be set to idle mode. Using the presently pro-
posed design, pressurised fluid that is present during a
pressurised state of at least parts of the fluid conduits of
the hydraulic arrangement can be (temporarily) stored in
the fluid accumulator (then, the fluid accumulator may be
simply fluidly connected to the respective part of the hy-
draulic arrangement/the respective fluid conduit), and
consequently used for a variety of purposes, in particular
for returning the pressure intensifier device to a standby
position (fluid accumulator is disconnected from the re-
spective part of the hydraulic arrangement/the respective
fluid conduit). Only for completeness it should be men-
tioned that a plurality of (two, three, four or more) fluid
accumulators can be used as well.
[0024] In particular it is possible to design the hydraulic
arrangement in a way that the pressure accumulator is
fluidly connected to:
the fluid conduit, preferably to the fluid conduit part be-
tween the synthetically commutated hydraulic pump and
the check valve (functional section separating check
valve and/or pressure section separating check valve)
and/or to:
the fluid conduit part between the synthetically commu-
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tated hydraulic pump and the pressure intensifier device
and/or to the medium-pressure fluid conduit and/or to the
first part of the fluid conduit. The fluid connection may be
effectuated by an accumulator check valve and possibly
by a fluid flux limiting valve. This way, a particularly ad-
vantageous supply of the fluid accumulator with pressu-
rised fluid can be realised. The pressure achieved in the
pressure accumulator is limited by the pressure in the
fluid conduit, in particular the first part of the fluid conduit
and/or the medium pressure part of the fluid conduit. Fur-
thermore, even if losses occur, they can be minimised
by using the presently proposed fluid flux limiting device.
[0025] According to a preferred embodiment of the hy-
draulic arrangement, the hydraulic arrangement com-
prises at least one pressure limiting valve. This may be
done for safety purposes so that excessive pressures
may be avoided. In particular, such pressure limiting
valves can be provided in connection with (temporarily)
pressurised parts of the presently proposed hydraulic ar-
rangement, in particular by the fluid conduit, the medium-
pressure fluid conduit, the high-pressure fluid conduit,
the first part of the fluid conduit, the second part of the
fluid conduit, the fluid accumulator, or the like.
[0026] Furthermore, it is suggested to design and ar-
range the hydraulic arrangement in a way to provide a
series of periodic fluid pressure pulses with a frequency
of above 0 Hz, preferably at least 1 Hz, more preferably
at least 3 Hz. Also, other frequencies are possible like at
least 0.5 Hz, 2 Hz, 4 Hz or 5 Hz.
[0027] Additionally or alternatively it is suggested to
design and arrange the hydraulic arrangement in a way
that it may generate an uninterrupted series of at least
10, preferably 20, even more preferred 50 pulses. The
uninterrupted series of pressure pulses may also show
a length of at least 100, 200, 300, 400, 500, 750 or 1000
pulses.
[0028] Even further, a hydraulic arrangement is sug-
gested that is designed and arranged to provide a pres-
sure at the fluid output connector of at least 350, prefer-
ably at least 400, more preferably at least 450, and even
more preferably at least 500 bar. In this case, the pres-
ently proposed hydraulic arrangement is particularly well
suited for the use as a test device. This may be realised
with or without a pressure intensifier device, as previously
proposed.
[0029] Furthermore, it is suggested to design and ar-
range the hydraulic arrangement according to the
present disclosure as a test device for hydraulic compo-
nents. Such a hydraulic arrangement can provide the
functionality of a test device in a simple, very fast and yet
comparatively energy efficient way.
[0030] Furthermore, it is suggested to design the hy-
draulic arrangement in a way that it comprises an elec-
tronic memory that is programmed in a way that the hy-
draulic arrangement, in particular the control device, per-
forms a method according to the present disclosure (such
a method is described in particular in the following in more
detail).

[0031] In particular a use of the hydraulic arrangement
according to present disclosure as a test device for hy-
draulic components is suggested.
[0032] Furthermore, a method of generating a series
of periodic fluid pressure pulses is suggested, where the
hydraulic arrangement according to the present disclo-
sure is used. In particular, the method may be used to
perform a test cycle for hydraulic components.
[0033] In particular, the method may be performed in
a way that a pressure increase is performed by an ap-
propriate actuation of the synthetically commutated hy-
draulic pump. The actual actuation of the synthetically
commutated hydraulic pump depends on the shape of
the fluid pulses to be generated, in particular on the slope
and shape of the rising flanks of the pressure pulses. It
is to be noted that the actuation may be performed in a
way that any pressure losses are compensated, for ex-
ample the pressure losses due to feeding of a pressure
accumulator, due to pressure losses by a fluid flux valve
and/or due to a transfer of hydraulic fluid through/past a
pressure intensifier device and/or due to fluid consump-
tion of the hydraulic part that is connected to the fluid
output port, at least in the initial phase of the pressurisa-
tion phase. Once the desired pressure level is reached,
the synthetically commutated hydraulic pump may be set
to an idle mode (or to a mode with a very small pumping
fluid flux to compensate for pressure losses) until a con-
sequent pressure decrease is required. A pressure de-
crease may be effectuated by simply waiting for the fluid
flux valve to vent a sufficiently high amount of fluid, con-
sequently lowering the pressure in the respective part of
the hydraulic circuitry to a certain pressure level, at least
initially. This lowering of the pressure may be sufficient
to trigger the triggerable orifice device arrangement to
lower the pressure in the respective part of the hydraulic
arrangement, in particular at the output fluid connector,
sufficiently fast. The speed of the depressurisation may
be varied and/or set to an appropriate slope by choosing
orifices of an appropriate size and/or by setting the re-
spective (variable) orifice to an appropriate size. It is to
be noted that the size of the orifice may easily be varied
during the depressurisation phase, so as to generate an
appropriate falling flank (including slope and/or shape of
the flank) of the pressure pulses. It is to be noted that
possibly the control device may trigger a triggerable or-
ifice device arrangement (opening and/or closing there-
of) by applying an appropriate signal to the respective
device. In particular, an electric signal may be used for
this. The shape of the series of periodic fluid pressure
pulses may be improved by monitoring the functionality
of the hydraulic arrangement, in particular by monitoring
the data sensed by the at least one pressure transducer.
[0034] In particular, it is suggested to perform the meth-
od of generating a series of periodic fluid pressure pulses
in a way that the series of periodic fluid pressure pulses
is preferably primarily controlled by alternately applying
a series of a defined number of pumping strokes of the
synthetically commutated hydraulic pump, followed by a
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series of a defined number of non-pumping strokes of
the synthetically commutated hydraulic pump. It is even
possible that the generation of a series of periodic fluid
pressure pulses is (essentially) solely controlled by alter-
nately applying a series of a defined number of pumping
strokes of the synthetically commutated hydraulic pump,
followed by a series of a defined number of non-pumping
strokes of the synthetically commutated hydraulic pump.
The defined number of pumping strokes and/or non-
pumping strokes (idle strokes) may be determined in ad-
vance by a measurement at the manufacturer. It is pos-
sible that the determined number(s) of strokes is (auto-
matically) adapted based on certain considerations (in
particular by the controlling device). However, it is also
possible that no adaption is used, or only a manual adap-
tion is envisaged. The series of pumping strokes and/or
the series of non-pumping strokes may be interrupted by
a single one or (very) few non-pumping stroke/pumping
strokes, respectively. However, typically it is preferred if
the series of pumping strokes and/or the series of non-
pumping strokes is not interrupted / is continuous. Using
this control scheme in combination with synthetically
commutated hydraulic pumps is particularly advanta-
geous, since mechanical energy is essentially only used
when building up pressure in the hydraulic arrangement.
However, when the pressure is maintained or the pres-
sure is decreased in the hydraulic arrangement, the syn-
thetically commutated hydraulic pump can be (essential-
ly) operated in an idle mode, so that only very little me-
chanical energy is consumed by the synthetically com-
mutated hydraulic pump. This is of course very energy
efficient. Furthermore, since (essentially) only the syn-
thetically commutated hydraulic pump is varia-
bly/changeably controlled, the control and the design of
the hydraulic arrangement can be particularly simple and
possibly wear can be reduced.
[0035] In particular, it is suggested to perform the pres-
ently disclosed method in a way that the number of pump-
ing cycles and/or non-pumping cycles differs from each
other. Based on the design and functionality of a hydraulic
arrangement according to the present disclosure, this
may result in a series of pressure pulses, where the high-
pressure phases and the low-pressure phases have a
similar (or even an (essentially) identical) length in time.
This is typically a desired feature for the series of pres-
sure pulses. This way, regulation tests can usually be
completed in a very short testing time. Additionally or
alternatively, it is suggested to perform the presently dis-
closed method in a way that the number of pumping cy-
cles and/or non-pumping cycles is adapted using meas-
urement data by the at least one pressure transducer.
This way, the series of periodic pressure pulses can be
even further optimised. It is to be understood, however,
that typically the adaption is only comparatively small (if
at all), at least if a reasonable number of pumping cycles
and non-pumping cycles is used as a start.
[0036] When talking about fluid in the present context,
this might be a liquid, gas, mixture of a gas and a liquid

and even a supercritical fluid where no distinction be-
tween gas and liquid can be made anymore. Further-
more, the fluid may contain a certain fraction of solid par-
ticles contained therein, although this is usually discour-
aged. In particular, the fluid can be a hydraulic fluid, for
example hydraulic oil, as it is known in the state-of-the-
art as such.
[0037] 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: a schematic circuitry of a possible first embod-
iment of a test device for generating a series
of periodic fluid pressure pulses according to
the present disclosure;

Fig. 2: a schematic cross section of a pressure inten-
sifier that can be used in combination with the
test device according to Fig. 1;

Fig. 3: a diagram of two consecutive pressure pulses
from a series of pressure pulses, showing pres-
sure over time;

Fig. 4: a diagram of various pressures and fluid flows
in the system according to Fig. 1 when creating
a pressure pulse;

Fig. 5: a schematic circuitry of a possible second em-
bodiment of a test device for generating a se-
ries of periodic fluid pressure pulses according
to the present disclosure;

Fig. 6: a graph showing a possible fluid output flow
over time of a synthetically commutated hy-
draulic pump, so that a test device according
Fig. 1 or Fig. 5 generates a series of periodic
fluid pressure pulse;

Fig. 7: a flow chart of a possible embodiment of a
method of performing a test cycle for hydraulic
components.

[0038] Fig. 1 shows a schematic circuitry of a hydraulic
arrangement for generating periodic fluid pressure puls-
es according to the present disclosure according to a first
possible embodiment. The hydraulic arrangement is
presently designed and intended to be used as a test
device 1 for an external device 2, namely a test sample
2 to be tested. The test sample 2 can be any type of
hydraulic device that is to be tested by applying a series
of periodic fluid pressure pulses. As an example, the test
sample might be a fluid valve.
[0039] The test sample 2 is fluidly connected to the test
device 1 by means of a fluid output connector 3 of the
test device 1.
[0040] The test device 1 comprises a synthetically
commutated hydraulic pump 4 that is driven by a me-
chanical power source, presently an electric motor 5.
Synthetically commutated hydraulic pumps 4, also
known as Digital Displacement® Pumps (DDPs), are
known in the state-of-the-art as such. They are fluid
pumps with a unique feature, namely that the fluid output
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can be changed between all available pumping fractions
from one cycle to the other. The actuation of the synthet-
ically commutated hydraulic pump 4 is presently per-
formed by a digital controller 6. The digital controller 6 is
presently connected to various components of the test
device 1, and likewise with the synthetically commutated
hydraulic pump 4, by means of electric cables 7.
[0041] The synthetically commutated hydraulic pump
4 inputs hydraulic oil from low-pressure line 8 that is fluidly
connected to a fluid reservoir 11 that is at ambient pres-
sure. Presently, a suction check valve 12 is arranged at
the input side 13 of the synthetically commutated hydrau-
lic pump 4, so that fluid can only flow from the fluid res-
ervoir 11 towards the input side 13 of the synthetically
commutated hydraulic pump 4.
[0042] On the output side 14 of the synthetically com-
mutated hydraulic pump 4, the medium-pressure line 9
is arranged. The medium-pressure line 9 directs the fluid
towards a pressure intensifier 15, more particularly to the
inlet side 16 of the pressure intensifier 15 (see also Fig.
2, where Fig. 2 shows a schematic cross section through
a possible embodiment of a pressure intensifier 15 that
may be used in a test device 1 according to Fig. 1). Details
of the pressure intensifier 15 will be explained further
below.
[0043] The pressure in the medium-pressure line 9 is
measured by means of a first pressure sensor 18 (pres-
sure transducer), whose measurement data is transmit-
ted to the digital controller 6 for further use.
[0044] Further, a pressure limiting valve 19 is connect-
ed to the medium-pressure line 9 for safety reasons. If
the medium-pressure line 9 inadvertently exceeds a cer-
tain set pressure limit, fluid will be vented towards the
fluid reservoir 11 to avoid any damage to the test device 1.
[0045] Furthermore, a needle valve 20 fluidly connects
medium-pressure line 9 towards the low-pressure line 8
and consequently towards fluid reservoir 11. The needle
valve 20 is presently chosen to be of a type with a variable
orifice, where the orifice can be electrically controlled by
the digital controller 6. It is to be noted that depending
on the shape of the pressure pulses to be generated, a
fixed needle valve 20 may be employed as well (or pos-
sibly a manual adjustment of the needle valve 20 may
be possible as well, so that the test device 1 can easily
be adapted from one test setup to another one). Further-
more, the medium-pressure line 9 fluidly connects via a
triggering line 21 to the triggering connection of the pilot
operated check valve 22 that fluidly connects and dis-
connects high-pressure line 10 from the low-pressure line
8, as will be described in more detail in the following.
[0046] Another branching line feeds fluid from low-
pressure line 8 via an accumulator check valve 25 and
a fluid flux limiting valve 26 towards accumulator line 23,
and hence into fluid accumulator 24. Again, accumulator
line 23 is protected by means of a pressure limiting valve
19 (various pressure limiting valves may be of the same
or different designs and/or may show the same or a dif-
ferent opening pressure).

[0047] Pressure intensifier 15 comprises a slidable pis-
ton 29 (movable part) in a housing 30. The inlet 16 of the
pressure intensifier 15 fluidly connects to an inlet cham-
ber 31 of the pressure intensifier 15, where the slidable
piston 29 shows a certain, enlarged cross-section.
[0048] On the other side of the slidable piston 29, at
its outlet side 17, the outlet 17 of the pressure intensifier
15 fluidly connects to the outlet chamber 32 with a smaller
cross-section of the slidable piston 29, as compared to
the cross section of the slidable piston 29, neighbouring
the inlet chamber 31.
[0049] If a pressurised fluid is applied to inlet 16 of the
pressure intensifier 15, the slidable piston 29 moves to
the right side and therefore causes a volume decrease
of outlet chamber 32, and thus a pressurisation of the
fluid at the outlet port 17 of the pressure intensifier 15.
Due to the different cross-sections of the end sides 16,
17 of the slidable piston 29, an input pressure on the inlet
side 16 of the pressure intensifier 15 is translated into a
potentially significantly higher pressure at the outlet side
17 of the pressure intensifier 15. A typical example is a
pressure increase of a maximum pressure of about 50
bar at the inlet side 16 towards an increased pressure at
the outlet side 17 of pressure intensifier 15 of about 500
bar.
[0050] The pressure intensifier 15 therefore separates
the fluid conduit into two sections with a different pressure
level, namely medium-pressure line 9 and high-pressure
line 10.
[0051] Although the pressure intensifier 15 constitutes
an additional part for the test device 1, therefore intro-
ducing additional complexity and additional cost into the
test device 1 (in particular since presently also a fluid
accumulator line 23 with its respective accompanying
components 19, 24, 25, 26 is needed), the use of a pres-
sure intensifier 15 has the advantage that the pressure
that has to be delivered by the synthetically commutated
fluid pump 4 can be lower. Therefore, a less costly syn-
thetically commutated hydraulic pump 4 can be used
and/or the wear of the synthetically commutated hydrau-
lic pump 4 can be reduced due to the lower pressures
and/or only a subset of the overall number of pumping
cylinders could be used to provide the required flow/pres-
sure, even if the synthetically commutated hydraulic
pump 4 would be able to generate the required high pres-
sure levels.
[0052] The outlet side 17 of the pressure intensifier 15
is connected to the high-pressure line 10 that feeds the
test sample 2 through the fluid output connector 3. The
pressure in the high-pressure line 10 is measured by a
second pressure sensor 33, whose measurement data
is again transmitted to the digital controller 6.
[0053] To prevent a backflow of fluid from the high-
pressure line 10 to the pressure intensifier 15, a fluid
outlet check valve 34 is provided. The fluid outlet check
valve 34 functions as an isolating check valve.
[0054] Furthermore, an internal check valve 28 is pro-
vided in the slidable piston 29 of the pressure intensifier
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15. The internal check valve 28 allows a fluid flow from
the inlet side 16 to the outlet side 17 of the pressure
intensifier 15 in the beginning of a pressurisation phase,
as long as the pressures at the inlet side 16 and the outlet
side 17 are the same. As soon as a certain pressurisation
in outlet chamber 32 is reached, the internal check valve
28 closes, so that the pressure in the outlet chamber 32
can raise over the pressure inside the inlet chamber 31
of the pressure intensifier 15. This way, a sufficient dis-
placement of fluid towards the fluid outlet connector 3,
and hence the test sample 2, can be effectuated.
[0055] Since the pressure intensifier 15 divides the flu-
id line, connecting the synthetically commutated hydrau-
lic pump 4 to the fluid output connector 3, into sections
with a different pressure level (medium-pressure line 9
and high-pressure line 10), due to the design of the pres-
sure intensifier 15, the internal check valve 28 provides
a physical fluid connection between the medium-pres-
sure and the high-pressure lines. Internal check valve 28
functions as a pressure section separating check valve.
[0056] The high-pressure line 10 is pressurised indi-
rectly by the synthetically commutated hydraulic pump
4. The pump raises pressure in medium-pressure line 9,
which in turn is intensified leading to an even higher pres-
surisation in the high-pressure line 10, where the pres-
sure in high-pressure line 10 is applied to the test sample
2.
[0057] Once the high fluid pressure has been applied
(or has been held) to the test sample 2 for a sufficiently
long time, the synthetically commutated hydraulic pump
4 is actuated by digital controller 6 in a way that no pump-
ing is performed anymore towards the medium-pressure
line 9. Due to the needle valve 20, the pressure in medi-
um-pressure line 9 begins to drop slowly. Once a certain
pressure level (decreasing pressure) has been reached,
this pressure level exceeds (undercuts) the triggering
pressure level of the pilot operated check valve 22
through triggering line 21. Therefore, once this triggering
pressure of pilot operated check valve 22 has been
reached, the pilot operated check valve 22 suddenly
opens from its closed to its (fully) open state. Therefore,
the (usually) essentially constant high-pressure plateau
38 of the pressure in high-pressure line 10 suddenly falls
towards ambient pressure 40, since high-pressure line
10 is quickly vented to low-pressure line 8 and hence
fluid reservoir 11.
[0058] The accumulator is permanently fluidly con-
nected to the intermediate resetting chamber 27, which
during the depressurisation period 40 of the test device
1 when the synthetically commutated hydraulic pump 4
is not pumping, provides a biasing force on the slidable
piston 29 towards its standby position during the depres-
surisation, which causes an accelerated retraction mo-
tion of the slidable piston 29. It is to be noted that, while
the pressure in the medium-pressure line 9 drops after
the pumping of the synthetically commutated hydraulic
pump 4 has been stopped, the pressure in the accumu-
lator line 23/in the fluid accumulator 24 essentially re-

mains at a constant pressure level determined in part by
the medium line pressure and the pressure drop across
fluid flux limiting valve 26, thanks to the accumulator
check valve 25.
[0059] Fig. 3 shows a possible series 35 of pressure
pulses 36 of a certain shape that can be generated using
the presently proposed hydraulic arrangement 1 (or a
modification thereof). Fig. 4 shows schematically the
flows in the hydraulic system of the test device 1 for a
single pressure pulse 36.
[0060] Each pressure pulse 36 can essentially be di-
vided into three (or four, when including the dwell phase
40 or ambient pressure phase) parts, namely a pressure
increasing flank 37, a high-pressure plateau 38 and a
pressure decreasing flank 39, followed by a dwell phase
40, where the pressure is essentially at ambient pres-
sure. After the dwell phase 40 another pressure pulse 36
is initiated.
[0061] To initiate a pressure increase of pressure in-
creasing flank 37, the synthetically commutated hydrau-
lic pump 4 is actuated in a way that a certain fluid pumping
rate towards the medium-pressure line 9 is effectuated,
where the pumping rate depends on the slope of the pres-
sure increasing flank 37 to be realised (and also on fluid
losses, in particular through needle valve 20, through in-
ternal check valve 28 towards the high-pressure line 10
(beginning of the pressurisation cycle) and through ac-
cumulator check valve 25 towards accumulator line 23).
It is to be noted that the pressure in medium-pressure
line 9 is measured by a first pressure sensor 18. If the
fluid losses vary during the pressurisation phase 37,
thanks to the characteristics of the synthetically commu-
tated hydraulic pump 4 the pumped fluid flux can be
quickly adapted to the new fluid flow requirements.
[0062] As can be seen in Fig. 4, the pumping rate 41
of synthetically commutated hydraulic pump 4 is quickly
rising once a pumping of the synthetically commutated
hydraulic pump 4 has been initiated. Consequently, the
pressure 42 in medium-pressure line 9 is increasing,
which leads also to a rise of the pressure 43 in high-
pressure line 10 (upper graph of Fig. 4). Due to the pres-
ence of the pressure intensifier 15, the two pressures 42,
43 in medium-pressure line 9 and high-pressure line 10
diverge after a short time. With increasing pressure 40
in medium-pressure line 9, the fluid flow 44 through nee-
dle valve 20 increases appropriately. The pilot operated
check valve 22, however, is fully closed, so that the fluid
flow 45 through pilot operated check valve 22 is essen-
tially zero.
[0063] Once the cut-off time 46 has been reached
(changeover from pressure increasing flank 37 to high-
pressure plateau 38 of the pressure pulse 36), the syn-
thetically commutated hydraulic pump 4 is controlled so
that no pumping is performed anymore towards the me-
dium-pressure line 9. As a result, the pressure 43 in high-
pressure line 10 remains at the maximum pressure,
namely the plateau pressure 38. The pressure 42 in me-
dium-pressure line 9, however, starts to drop after the
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cut-off time 46.
[0064] Once the triggering pressure 48 has been
reached in the medium-pressure line 9 (occurring at
cracking time 47; this is equivalent to the changeover
from high-pressure plateau 38 to pressure decreasing
flank 39 of pressure pulse 36) the pilot operated check
valve 22 cracks open and therefore the pressure 37 in
high-pressure line 10 drops sharply due to the significant
fluid flow 45 through pilot operated check valve 22. This
forms the pressure decreasing flank 39, where the slope
of the pressure decreasing flank 39 can be varied by
changing the size of the orifice of the pilot operated check
valve 22.
[0065] Fig. 5 shows a schematic circuitry of a possible
second embodiment of a test device 49 for generating a
series 35 of periodic fluid pressure pulses 36. This test
device 49 is a variation of the test device 1, as shown in
Fig. 1 and as described above. For simplicity, for identical
and (highly) similar parts, the same reference numerals
are used. Furthermore, reference is made to the already
made explanations.
[0066] Contrary to the test device 1 according to Fig.
1, the presently shown test device 49 has no pressure
intensifier. Therefore, there is no requirement for an ar-
rangement for returning a slidable piston of such pres-
sure intensifier. Therefore, the accumulator, the accumu-
lator line, and the accompanying parts thereof can be
dispensed with. It is obvious that this constitutes a vari-
ation of the arrangement of the test device 49.
[0067] Presently, a check valve 50 is used (functional
section separating check valve), that separates the fluid
conduit into a first part of the fluid conduit 51 and a second
part of the fluid conduit 52. This separation into two func-
tional parts of the fluid conduit 51, 52 is necessary, to
maintain the previously described depressurisation func-
tionality of the fluid pressure applied to the test sample
2 (fluid pressure in the second part of fluid conduit 52),
using a pilot operated check valve 22. If no such check
valve 50 were present, the pressure in the first part of
the fluid conduit 51 could not drop below the pressure in
the second part of the fluid conduit 52 by setting the syn-
thetically commutated hydraulic pump 4 to an idle mode
(no pumping), allowing the needle valve 22 to release
pressurised fluid in first part of the fluid conduit 51 towards
low-pressure line 8/fluid reservoir 11. Therefore, the (flat)
pressure plateau 38 at the fluid output connector 3 could
not be maintained during this phase.
[0068] Based on the decrease of pressure in the first
part of the fluid conduit 51 (and therefore in triggering
line 21) towards triggering pressure, the pilot operated
check valve 22 will quickly switch open, once the trigger-
ing pressure is reached, as previously described.
[0069] It is therefore obvious to person skilled in the
art, that the functionality of both test devices 1, 49 ac-
cording to Fig. 1 and Fig. 5, respectively, is quite similar
to each other.
[0070] A certain drawback of the design of the test de-
vice 49 according to Fig. 5 is that the maximum pressure

at the fluid output connector 3 will be essentially the same
as the maximum pressure that is generated by the syn-
thetically commutated hydraulic pump 4. In principle, this
is not necessarily a major disadvantage, since the design
of synthetically commutated hydraulic pumps 4 allows
pumps to be built that have a very high achievable output
pressure. Nevertheless, the high output pressure that
has to be created by the synthetically commutated hy-
draulic pump 4 might increase the wear of the syntheti-
cally commutated hydraulic pump 4. Also, if the output
pressure required at fluid output connector 3 exceeds
the capability of the present test device 49, it may be
necessary to revert to a design with a pressure intensifier.
[0071] Fig. 6 shows a graph that plots a possible fluid
output flow 54 over time for a synthetically commutated
hydraulic pump 4, if an actuation scheme according to
Fig. 7 is applied (as described below). If such a fluid out-
put flow 54 is supplied to the previously described test
devices 1, 49 (and different designs as well), based on
the design and the functionality of the test devices 1, 49,
a series 35 of periodic fluid pressure pulses 36 will be
realized.
[0072] As one can see, the synthetically commutated
hydraulic pump 4 (presently the synthetically commutat-
ed hydraulic pump comprises a plurality of cylinders) is
alternately actuated in a full pumping actuation scheme
55 and an idling actuation scheme 56.
[0073] In the full pumping actuation scheme 55, the
actuated inlet valves of the pumping chambers of the
synthetically commutated hydraulic pump 4 are closed
at the bottom dead centre of the piston’s movement. This
results in a full pumping stroke (100%) of the displace-
ment is pumped towards the high-pressure (medium-
pressure) fluid outlet side of the synthetically commutat-
ed hydraulic pump 4. Due to the operational character-
istics of synthetically commutated hydraulic pumps 4, the
fluid output flow 54 shows a sharp increase at the begin-
ning of a full pumping actuation scheme 55, a sharp de-
crease at the end of a full pumping actuation scheme 55,
and an essentially uniform output at the top plateau phase
of the full pumping actuation scheme 55. During this
scheme 55, the pressure buildup will occur at the fluid
outlet connector 3.
[0074] During the idling actuation scheme 56, the me-
dium-pressure line 9/the first part of the fluid conduit 51
will start to depressurise due to the fluid loss induced by
the needle valve 20, while the high-pressure line 10/the
second part of the fluid conduit 52 initially remains at top
pressure. Once the triggering pressure of pilot operated
check valve 22 is reached, the pressure in the high-pres-
sure line 10/the second part of the fluid conduit 52 will
drop sharply.
[0075] Since the slow depressurisation of medium-
pressure line 9/the first part of the fluid conduit 51, after
having stopped the full pumping actuation scheme 55
and before the triggering pressure for the pilot operated
check valve 22 is reached, takes some time, the temporal
length of the full pumping actuation scheme 55 is chosen
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to be shorter than that of the idling actuation scheme 56,
to realise a series of pressure pulses with essentially
identical lengths of high-pressure plateaus and ambient
pressure phases (dwell times).
[0076] Fig. 7 shows a schematic flow chart 57 of a pos-
sible method of performing a test cycle for test samples
2 that are connected to the fluid output connector 3 of a
test device 1 according to Fig. 1 or a test device 49 ac-
cording to Fig. 5, for example.
[0077] Once the mechanical setup is completed, the
test cycle is started (step 58). A certain, usually prede-
termined, number of pumping strokes of the synthetically
commutated hydraulic pump 4 is applied (step 59). These
pumping strokes may be full (100%) or part pumping
strokes (greater than 0% and less than 100%).
[0078] Following this full pumping actuation scheme
55, an idling actuation scheme 56 is applied, namely a
certain, usually predetermined, number of idle strokes is
applied (step 61).
[0079] Usually, the number of idling strokes during step
61 is larger than the number of full pumping strokes of
step 59, for the reasons described above.
[0080] Optionally, the correct number of full pumping
strokes and/or idling strokes during step 59 and 61 can
be verified by measuring the pressure(s) in a pressurised
fluid conduit (step 60, 62), in particular in the medium-
pressure line 9 and/or the high-pressure line 10 of test
device 1, or in the first part of fluid conduit 51 and/or in
the second part of fluid conduit 52 of test device 49, using
one or several pressure sensors 18, 33.
[0081] It is to be noted that the pressure measure-
ment(s) can be performed in parallel to applying the full
pumping strokes 59 and/or the idle strokes 61. Also, it is
possible to measure the pressure(s) after applying the
respective cycle of full pumping strokes 59 and/or idle
strokes 61, and to correct the respective number of
strokes in the next pressurisation-depressurisation-cy-
cle.
[0082] After the certain number of idle strokes has
been reached in step 62, it is determined in step 63 wheth-
er the total number of periodic fluid pressure pulses (36)
of the test cycle has reached the predetermined number
of pressurisation-depressurisation cycles of the series
(35). If this is the case, the test cycle stops at step 64. If
this is not the case, the path jumps back 65 to perform
more pumping and idling strokes 59 and 61.
[0083] It is to be noted that a single one or a plurality
of the features of the presently disclosed detailed em-
bodiment may be used in combination with the generic
description of the present disclosure.

Claims

1. Hydraulic arrangement (1, 49) for generating a series
(35) of periodic fluid pressure pulses (36), compris-
ing a synthetically commutated hydraulic pump (4),
a fluid output connector (3) for an external device

(2), a fluid conduit (9, 10, 51, 52) connecting said
synthetically commutated hydraulic pump (4) and
said fluid output connector (3), a triggerable orifice
device arrangement (22) connected to said fluid con-
duit (9, 10, 51, 52), at least a pressure transducer
(18, 33) being fluidly connected to said fluid conduit
(9, 10, 51, 52), and a control device (6) for controlling
said hydraulic arrangement (1, 49).

2. Hydraulic arrangement (1, 49) according to claim 1,
characterised in that said triggerable orifice device
arrangement (22) comprises a trigger valve unit that
can be triggered using an external signal, wherein
said trigger valve unit can be triggered electrically,
mechanically and/or fluidly, and wherein said trigger
valve unit is preferably designed as a pilot operated
check valve.

3. Hydraulic arrangement (1, 49) according to claim 1
or claim 2, in particular according to claim 2, char-
acterised in that the triggerable orifice device ar-
rangement (22) comprises an orifice with a variable
size, wherein the size of the orifice can be preferably
controlled by the control device (6) and/or by varying
a mechanical orifice.

4. Hydraulic arrangement (1, 49) according to any of
the preceding claims, characterised in that the fluid
conduit (9, 10) comprises a pressure intensifier de-
vice (15), wherein the pressure intensifier device (15)
divides the fluid conduit in a medium-pressure fluid
conduit (9) and a high-pressure fluid conduit (10),
wherein the pressure intensifier device (15) prefer-
ably provides, at least at times, a physical fluid con-
nection between said medium-pressure fluid conduit
(9) and said high-pressure fluid conduit (10).

5. Hydraulic arrangement (1, 49) according to any of
the preceding claims, in particular according to claim
4, characterised by a check valve (28, 50) that is
arranged in the fluid conduit (9, 10, 51, 52), in par-
ticular a check valve (28) that is arranged between
the medium-pressure fluid conduit (9) and the high-
pressure fluid conduit (10), more preferably being
arranged as a part (28) of the pressure intensifier
device (15), and/or a check valve (50) that is ar-
ranged between a first part of the fluid conduit (51)
and a second part of the fluid conduit (52), wherein
the first part of the fluid conduit (51) is neighbouring
the synthetically commutated hydraulic pump (4)
and the second part of the fluid conduit (52) is neigh-
bouring fluid output connector (3).

6. Hydraulic arrangement (1, 49) according to any of
the preceding claims, in particular according to claim
4 or 5, characterised in that the triggerable orifice
device arrangement (22), in particular the trigger
valve unit, is triggered by fluid pressure in the fluid
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conduit part (9, 51) between the synthetically com-
mutated hydraulic pump (4) and the check valve (28,
50) and/or by the fluid pressure in the medium-pres-
sure fluid conduit (9), and/or by the fluid pressure in
the first part of the fluid conduit (51).

7. Hydraulic arrangement (1, 49) according to any of
the preceding claims, in particular according to any
of claim 4 to 7, characterised by a fluid flux valve
(20) that is connected to the fluid conduit (9, 10, 51,
52), preferably to the fluid conduit part (9, 51) be-
tween the synthetically commutated hydraulic pump
(4) and the check valve (28, 50) and/or to the medi-
um-pressure fluid conduit (9) and/or to the first part
of the fluid conduit (51), wherein the low fluid flux
throughput valve (22) is preferably a needle valve
(22).

8. Hydraulic arrangement (1) according to any of the
preceding claims, in particular according to any of
claims 5 to 8, characterised by at least a fluid ac-
cumulator (24) that is at least at times fluidly con-
nected to a part of the hydraulic arrangement (1) that
is at least at times at an elevated pressure level (9,
10, 51, 52), wherein said fluid accumulator (24) is
preferably connected to a movable device (29) of the
hydraulic arrangement (1) to move said movable de-
vice (29) to a defined position.

9. Hydraulic arrangement (1, 49) according to claim 8,
characterised in that the pressure accumulator
(24) is fluidly connected to the fluid conduit (9, 10),
preferably to the fluid conduit part (9) between the
synthetically commutated hydraulic pump (4) and
the check valve (28,) and/or to the fluid conduit part
(9) between the synthetically commutated hydraulic
pump (9) and the pressure intensifier device (15)
and/or or to the medium-pressure fluid conduit (9)
and/or to the first part of the fluid conduit (9), by
means of an accumulator check valve (25) and pos-
sibly a fluid flux limiting valve (26).

10. Hydraulic arrangement according to any of the pre-
ceding claims, characterised in that the hydraulic
arrangement (1, 49) is designed and arranged in a
way to provide a series (35) of periodic fluid pressure
pulses (36) with a frequency above 0 Hz, preferably
at least 1 Hz, more preferably at least 3 Hz.

11. Hydraulic arrangement (1, 49) according to any of
the preceding claims, characterised in that the hy-
draulic arrangement (1, 49) is designed and ar-
ranged to provide a pressure at the fluid output con-
nector (3) of at least 350, preferably at least 400,
more preferably at least 450, and even more prefer-
ably at least above 500 bar.

12. Use of a hydraulic arrangement (1, 49) according to

any of the preceding claims as a test device (1, 49)
for hydraulic components (2).

13. Method (57) of generating a series (35) of periodic
fluid pressure pulses, characterised in that a hy-
draulic arrangement (1, 49) according to any of
claims 1 to 12 is used.

14. Method (57) of generating a series (35) of periodic
fluid pressure pulses, in particular method (57) ac-
cording to claim 13, characterised in that the series
(35) of periodic fluid pressure pulses (36) is prefer-
ably primarily controlled by alternately applying a se-
ries of a defined number of pumping strokes (59) of
the synthetically commutated hydraulic pump (4),
followed by a series of a defined number of non-
pumping strokes (61) of the synthetically commutat-
ed hydraulic pump (4).

15. Method according to claim 14, characterised in that
the number of pumping cycles (59) and/or non-
pumping cycles (61) differs from each other and/or
is adapted (60 ,62) using measurement data by the
at least one pressure transducer (18, 33).
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