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Description

Technical field

[0001] The present application relates to a multi-set-
ting pump with a delayed setting switching function.

Background art

[0002] Mult-setting (multi-point) pumps have multiple
switchable displacement settings. During actual opera-
tion, the pump setting needs to be switched according to
actual pump pressure and rotation speed, so that the
pump operates at a suitable setting, thereby increasing
the level of pressure control and the level of system
energy conservation.
[0003] In theprior art, a programmablecontroller (PLC)
isgenerally used tocontrol theoperationofamulti-setting
pump; the PLC inputs switching signals to the multi-
setting pump to control the switching of the setting of
the multi-setting pump. However, many users are reluc-
tant to perform additional control programming in the
PLC, and want the manufacturer of the multi-setting
pump to improve the control system of the pump itself,
by addinga setting control algorithm in the control system
of the multi-setting pump itself, to reduce the additional
programming work of the user. Further, in the control
systemof themulti-settingpump itself,many factorsneed
to be taken into account when constructing the setting
control algorithm. One important factor that needs to be
taken into account is that frequent switching of the setting
will cause thepumpoutput to beunstable. For example, a
momentary shock or interference in a hydraulic system
might cause erroneous switching of the setting. As an-
other example, in certain operating situations which are
briefly suitable for switching of the setting, the user is
required to ignore this and not switch the setting. In
addition, in the process of matching timing with another
actuator, switching of the setting might need to be de-
layed.
[0004] Patent publication No. US 2016/0346462 A1
provides an infusion pump including a pumpingmechan-
ism having at least one sensor and a pump motor and a
pump control subsystem configured to control operation
of the pumpingmechanism, the pump control subsystem
including a processor, a memory, and a startup module
configured to drive the pumpmotor at a first rate, receive
input from the at least one sensor, and drive the pump
motor at a second rate based on the input received from
the at least one sensor.
[0005] Thus, it is hoped to provide amulti-setting pump
with an automatic setting switching function added in its
own control system, the pump being able to solve the
problems associated with switching the setting as de-
scribed above.

Summary of the invention

[0006] An objective of the present application is to
provide a multi-setting pump, which can add an auto-
matic setting switching function in thepump’sowncontrol
system.
[0007] To achieve this objective, a multi-setting pump,
comprising a pump part driven by a motor, the multi-
setting pump having multiple settings which at least
comprise a high setting and a low setting according to
the present invention, as definedby independent claim1.
The multi-setting pump further comprises a control unit,
comprising: a control board for controlling operation of
the motor and the pump part, a frequency changer for
controlling a drive current of the motor, and a setting
control module integrated in the control board and/or
the frequency changer; setting-change conditions are
set in the setting control module, the setting-change
conditions comprising a low-setting operating situation
condition and a high-setting operating situation condi-
tion; the setting control module is configured to collect
operating situation conditions, and is able to perform
setting-change operations when the operating situation
conditions meet the setting-change conditions, wherein
the setting control module is configured to perform a
down-switching operation after a down-switching delay
waiting until a predefined time point when the low-setting
operating situation condition is met, and/or perform an
up-switching operation after an up-switching delay wait-
ing until a predefined time point when the high-setting
operating situation condition is met.
[0008] According to the present invention, the low-
setting operating situation condition comprises multiple
parallel low-setting operating situation conditions, and
the setting control module permits a down-switching
operation to be performed when any one or more of
the multiple low-setting operating situation conditions
is met; the high-setting operating situation condition
comprises multiple parallel high-setting operating situa-
tion conditions, and the setting controlmodule permits an
up-switching operation to be performed when any one or
more of the multiple high-setting operating situation con-
ditions is met.
[0009] According to the present invention, each of the
multiple parallel low-setting operating situation condi-
tions respectively corresponds to each of the multiple
parallel high-setting operating situation conditions.
[0010] In one embodiment, in the setting control mod-
ule, a respective down-switching delay is set for each
low-setting operating situation condition respectively,
and a respective up-switching delay is set for each
high-setting operating situation condition respectively.
[0011] In one embodiment, the setting control module
is configured to: when one of the multiple high-setting
operating situation conditions is met, further judge
whether the low setting was switched to previously be-
cause the corresponding low-setting operating situation
condition was met; if the low setting was switched to
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previously because the corresponding low-setting oper-
ating situation condition was met, switching to the high
setting is permitted, but if the reason for switching to the
low setting previously was not that the corresponding
low-settingoperatingsituation conditionwasmet, switch-
ing to the high setting is not permitted.
[0012] In one embodiment, the low-setting operating
situation condition comprises a low-setting operating
situation condition A1, the low-setting operating situation
condition A1 being defined as:

a difference (ΔP) between a set output pressure
(P_cmd) and an actual output pressure (P_real) of
the pump is less than a set first pressure difference
limit value (ΔP_threshold1); and
an actual rotation speed (N_real) of the pump is
lower than a set pump speed limit value; and
the actual output pressure (P_real) of the pump is
higher than a set first pressure limit value (P_lim1);
the high-setting operating situation condition com-
prises a high-setting operating situation conditionA2
corresponding to the low-setting operating situation
condition A1, the high-setting operating situation
condition A2 being defined as: the low-setting oper-
ating situation condition A1 in the previous cycle was
met, and the low-setting operating situation condi-
tion A1 in the current cycle is not met; and
the difference (ΔP) between the set output pressure
and the actual output pressure of the pump is greater
than a set second pressure difference limit value
(ΔP_threshold2), wherein the second pressure dif-
ference limit value (ΔP_threshold2) is greater than
the first pressure difference limit value (ΔP_thres-
hold1); or the actual output pressure (P_real) of the
pump is lower than a first pressure selection value
(X1), wherein the first pressure selection value is
lower than the first pressure limit value (P_lim1).

[0013] In one embodiment, the low-setting operating
situation condition comprises a low-setting operating
situation condition B1, the low-setting operating situation
condition B1 being defined as:

an actual output pressure (P_real) of the pump is
higher than a set second pressure limit value
(P_lim2), and a set output pressure (P_cmd) of the
pump is higher than a set third pressure limit value
(P_lim3);
the high-setting operating situation condition com-
prises a high-setting operating situation conditionB2
corresponding to the low-setting operating situation
condition B1, the high-setting operating situation
condition B2 being defined as:

the low-setting operating situation condition B1
in the previous cycle was met, and the low-
setting operating situation condition B1 in the
current cycle is not met; and

the actual output pressure (P_real) of the pump
is lower than a second pressure selection value
(X2), wherein the second pressure selection
value is lower than the second pressure limit
value (P_lim2); or the set output pressure
(P_cmd) of the pump is lower than a third pres-
sure selection value (X3),wherein the third pres-
sure selection value is lower than the third pres-
sure limit value (P_lim3).

[0014] In one embodiment, the low-setting operating
situation condition comprises a low-setting operating
situation conditionC1, the low-setting operating situation
condition C1 being defined as:

a set output flow rate (Q_cmd) of the pump is less
than a set output flow rate limit value (Q_cmd_lim);
the high-setting operating situation condition com-
prises ahigh-setting operating situation conditionC2
corresponding to the low-setting operating situation
condition C1, the high-setting operating situation
condition C2 being defined as:

the low-setting operating situation condition C1
in the previous cycle was met, and the low-
setting operating situation condition C1 in the
current cycle is not met; and
the set output flow rate (Q_cmd) of the pump is
greater than a flow rate selection value (X4), the
flow rate selection value being less than the
output flow rate limit value.

[0015] In one embodiment, the multi-setting pump
further comprises a user signal interface, and the setting
control module is configured to receive a signal inputted
by a user via the user signal interface, the signal inputted
by the user comprising a forced setting-change signal;
and the setting control module is configured to perform a
settingchangebasedon the forcedsetting-changesignal
received, regardless of whether the setting-change con-
ditions are met.
[0016] In one embodiment, the signal inputted by the
user further comprises a setting-change prohibition sig-
nal, the setting-change prohibition signal and the forced
setting-change signal being mutually exclusive; and the
setting control module is configured to prohibit a setting-
change operation based on the setting-change prohibi-
tion signal received, regardless of whether the setting-
change conditions are met.
[0017] In one embodiment, the control unit is config-
ured to be able to:

calculate an output pressure of the multi-setting
pump based on a motor torque and a pump displa-
cement; or
calculate a displacement of the multi-setting pump
based on an output pressure of the multi-setting
pump and a motor torque.
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[0018] In one embodiment, the multi-setting pump is a
dual-setting pump.
[0019] In the present application, a setting control al-
gorithm is added in the multi-setting pump’s own control
system, and is suitable for a variety of variable-speed/-
variable-displacement applications, with no need for the
end user to perform additional programming for this
purpose, thus saving time and reducing costs for the
client. In addition, a delayed setting switching function
is provided in the setting switching logic, so erroneous
switching can be avoided, or switching can be prohibited
according to a user requirement, and a delay required for
matching to the timing of another actuator can be pro-
vided.

Brief description of the drawings

[0020] Further understanding of the present applica-
tion can be gained by reading the following detailed
description with reference to the drawings, in which:

Fig. 1 is a schematic diagram of amulti-setting pump
according to the present application.

Fig. 2 is a schematic diagram of the delayed setting
switching function in the multi-setting pump of the
present application.

Fig. 3 is a flow chart of an exemplary setting control
algorithm which can be used in the multi-setting
pump of the present application.

Fig. 4 is a graph showing the displacement of the
multi-setting pump when a setting control algorithm
is used according to the present application.

Detailed description of embodiments

[0021] The present application relates generally to a
multi-setting pump, for example a two-setting pump, etc.
The multi-setting pump has multiple switchable settings,
each setting being realizable by means of an internal
setting-change structure of the multi-setting pump.
[0022] The multi-setting pump is essentially as shown
schematically in Fig. 1, being able to deliver a liquid
medium at multiple (two or more) displacement settings.
Themulti-setting pumpcomprises a pumppart 1, amotor
2 and a control unit 3. Themotor 2 drives the pump part 1
to run. The control unit 3 comprises a frequency changer
and a control board for controlling the rotation speed of
themotor 2; the control board also controls the operation
of the pumppart 1 (e.g. switching of the setting, etc.). The
output of the multi-setting pump is mainly embodied by
two indices, namely flow rate Q and pressure P, which
both vary with time and therefore can be represented as
Q(t) and P(t) respectively.
[0023] The multi-setting pump of the present applica-
tion is provided with a user signal interface (in the form of

hardware or software), and the user may autonomously
choose to input/set a control signal directly by digital/a-
nalogue/bus communication/Bluetooth, and may also
input/set a control signal by an externally connected
programmable controller (PLC).
[0024] Thecontrol signal that is inputted/setby theuser
comprises a desired flow rate Q_cmd and a desired
pressure P_cmd of the pump. The desired flow rate
anddesiredpressuremayalsovarywith time.Thecontrol
unit 3 also receives or estimates an actual output pres-
sure P_real of the pump and an actual rotation speed
N_real of the motor 2. Based on the desired flow rate
Q_cmd, the desired pressure P_cmd and the actual
output pressure P_real of the pump, and the actual rota-
tion speed N_real of the motor 2 (i.e. the actual rotation
speed of the pump part 1), the control unit 3 can auto-
matically control the internal setting-change structure of
the pump, realizing closed-loop control of the multi-set-
ting pump.
[0025] A setting control module is added in the control
unit 3 of the present application; the setting control mod-
ule may be embedded in the control board and/or the
frequency changer, so that the end user does not need to
perform the additional work of programming (e.g. in the
externally connectedPLC) for switching the setting of the
multi-setting pump. The control board and frequency
changer are hardware included in the pump drive system
itself, and thus can save wiring, andmight even allow the
externally connected PLC to be omitted.
[0026] The setting control module is configured to
switch the setting of the pump according to a system
state variable, andcan influenceacontrol result basedon
an active input signal of a client at any moment, and may
even select an input signal of the user as a unique
criterion.
[0027] The setting control module of the multi-setting
pump is realized by a PID circuit and an algorithm inside
the drive system; once the setting of the pump has been
switched, a suitable PID parameter can be adjusted
according to the new setting (displacement), to achieve
a better control result.
[0028] The system state variable on which the setting
control module is based may comprise: a set value and
an actual value of pump output pressure, and a real-time
difference between these two values; a set value and an
actual value of pump rotation speed, and a real-time
difference between these two values; displacement state
feedback for the pump at the present time; the speed of
execution of switching of the setting; a switching instruc-
tion signal delay; and so on.
[0029] A simple form of the multi-setting pump is a
dual-setting pump, which has two settings: high and
low. Some feasible embodiments of the present applica-
tion are described below, taking a dual-setting pump as
an example. It will be understood that the principles and
features of the present application are likewise suitable
for multi-setting pumps with other numbers of settings.
[0030] The setting control module is configured to exe-
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cute a setting control algorithmof the present application,
wherein preferably, an initial setting of the dual-setting
pump after startup is set as the high setting, and operat-
ing situation conditions are checked in real time; and
when a low-setting operating situation condition is met,
the setting is permitted to be switched from the high
setting to the low setting. In addition, when a high-setting
operating situation condition ismet in a particular cycle in
a state of low-setting running, the setting is permitted to
be switched from the low setting to the high setting.
[0031] Of course, the setting control module may also
be configured to set the initial setting of the pump after
startup as the low setting.
[0032] Here, the "low-setting operating situation con-
dition" means that in the current operating situation, the
dual‑(multi‑)setting pump will have better performance if
it runs at the low setting; and the "high-setting operating
situation condition" means that in the current operating
situation, the dual‑(multi‑)setting pump will have better
performance if it runs at the high setting. The perfor-
mance of the dual‑(multi‑)setting pump can bemeasured
by the efficiency of the pump part 1 or the overall effi-
ciency of the pump part 1 and the motor 2. Of course,
other indices may also be used to measure the perfor-
mance of the dual‑(multi‑)setting pump.
[0033] Different setting-change conditions can be set
for job requirements in different operating cycles of the
dual-setting pump, including low-setting operating situa-
tion conditions and high-setting operating situation con-
ditions.
[0034] For example, low-setting operating situation
conditions may comprise operating situation conditions
A1, B1, C1.
[0035] Condition A1 is an actual output flow rate and
actual output pressure conditionwhen the rotation speed
is lower than a pump speed limit value (depending on the
job requirements of the dual-setting pump at the present
time), and for example is suitable for a low-speed pres-
sure-maintaining stage.
[0036] For example, condition A1 is defined as:

and

and

[0037] Here, ΔP is the difference between the set out-
put pressure P_cmd of the pump and the detected actual
output pressure P_real of the pump,

boP_threshold1 is a set first pressuredifference limit

value;
N_real is the detected actual rotation speed of the
pump;
Nk is a pump speed limit value based on the job
requirements of the dual-setting pump, and is user-
adjustable;
P_lim1 is a set first pressure limit value.

[0038] ConditionB1 is a set output pressure andactual
output pressure condition.
[0039] For example, condition B1 is defined as:

and

[0040] Here, P_lim2 is a set second pressure limit
value, and P_lim3 is a set third pressure limit value.
[0041] Condition C1 is a set output flow rate condition.
[0042] For example, condition C1 is defined as:
Q_cmd < Q_cmd_lim.
[0043] Here, Q_cmd is a set output flow rate of the
pump, andQ_cmd_lim is a set output flow rate limit value.
[0044] Conditions A1, B1, C1 are three parallel condi-
tions; if any one of them is met, this means that the low-
setting operating situation condition is met. P_lim1,
P_lim2 and P_lim3 are all set values, and there is no
specific relationship among the sizes thereof.
[0045] Other low-setting operating situation conditions
may also be set according to job requirements in specific
operating processes.
[0046] For different operating situations, for example
different process steps in one operating process (with
different requirements in terms of pump output pressure
and displacement), each settable parameter in condi-
tions A1, B1, C1... may be specifically set, to meet the
requirements of the particular operating situation. In ad-
dition, for a specific process step, one or more of condi-
tions A1, B1, C1... may be selected as the low-setting
operating situation condition(s).
[0047] According to one embodiment, if any one or
more of operating situation conditions A1, B1, C1... is
met in a particular cycle, the setting control module can
control the setting of the dual-setting pump to switch from
the high setting to the low setting.
[0048] According to a further optional embodiment, in
addition to the solution in which downward switching of
the setting is determined based on the abovementioned
operating situation conditions, the setting control module
may also forcibly switch down the setting based on a
forced low-setting signal inputted by the client (regard-
less of whether operating situation conditions A1, B1,
C1... are met). If a user-inputted signal is received in a
particular cycle, the setting control module can control
the setting of the dual-setting pump to switch from the
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high setting to the low setting.
[0049] In addition, according to a further optional em-
bodiment, the setting control modulemay also determine
that downward switching of the setting shall be prohibited
according to operating situation conditions A1, B1, C1...
and a low-setting prohibition signal inputted by the user.
Specifically, in a particular cycle, even if one of operating
situation conditions A1, B1, C1... is met, but there is a
corresponding low-setting prohibition signal inputted by
the client, the setting control module will not perform a
down-switchingoperation; thesetting controlmodule can
only perform a down-switching operation when there is
no low-setting prohibition signal inputted by the client.
[0050] The low-setting prohibition signal inputted by
the user is reciprocal to the forced low-setting signal;
each low-setting prohibition signal may be inputted via
the same interface as the corresponding forced low-set-
ting signal, but cannot be inputted at the same time, thus
preventing erroneous operation by the user.
[0051] Further, the setting controlmodule is configured
to permit the setting to be switched from the low setting to
the high setting in a particular cycle if the high-setting
operating situation condition is met in that cycle.
[0052] High-setting operating situation conditions sui-
table for switching the setting of the dual-setting pump
include operating situation conditions A2, B2, C2 as
examples; these respectively correspond to the low-set-
ting operating situation conditions A1, B1, C1mentioned
above.
[0053] For example, condition A2 is defined as:

Condition A1 in the previous cycle was met, and
condition A1 in the current cycle is notmet, and there
is no corresponding forced low-setting signal DIA1;
and
|ΔP| > ΔP_threshold2 or P_real < X1.

[0054] Here, ΔP_threshold2 is a set second pressure
difference limit value, ΔP_threshold2 > ΔP_threshold1.

X1 may be called a first pressure selection value, let
X1 = P_lim1 - P1, where P1 is a set pressure value;
or let X1 = P_min1, where P_min1 is a value that can
be set by the user, P_lim1 - P1 < P_min1 < P_lim1.

[0055] Condition B2 is defined as:

Condition B1 in the previous cycle was met, and
condition B1 in the current cycle is notmet, and there
is no corresponding forced low-setting signal DIB1;
and P_real <X2 or P_cmd < X3.

[0056] Here, X2 may be called a second pressure
selection value, let X2 = P_lim2 - P2,

where P2 is a set pressure value;
or let X2 = P_min2, where P_min2 is a value that can
be set by the user, P_lim2 - P2 < P_min2 < P_lim2.

X3may be called a third pressure selection value, let
X3 = P_lim3 - P3, where P3 is a set pressure value;
or let X3 = P_min3, where P_min3 is a value that can
be set by the user, P_lim3 - P3 < P_min3 < P_lim3.

[0057] Condition C2 is defined as:

Condition C1 in the previous cycle was met, and
conditionC1 in the current cycle is notmet, and there
is no corresponding forced low-setting signal DIC1;
and
Q_cmd > X4.

[0058] Here, X4 may be called a flow rate selection
value, let X4 = Q_cmd_lim - Q0,

wherein Q0 is a set flow rate value;
or let X4=Q_min,whereQ_min is a value that canbe
set by the user,
Q_cmd_lim - Q0 < Q_min < Q_cmd_lim.

[0059] Other high-setting operating situation condi-
tions may also be set according to specific operating
processes.
[0060] For different operating situations, for example
different process steps in one operating process (with
different requirements in terms of pump output pressure
and displacement), each settable parameter in condi-
tions A2, B2, C2... may be specifically set, to meet the
requirements of the particular operating situation. In ad-
dition, for a specific process step, one or more of condi-
tions A2, B2, C2... (corresponding to the selected low-
settingoperating situation condition(s)A1,B1,C1...)may
be selected as the high-setting operating situation con-
dition(s).
[0061] If at least one of operating situation conditions
A2,B2,C2... ismet inaparticular cycle, thesettingcontrol
module switches the pump setting from the low setting to
the high setting.
[0062] In addition to the solution in which upward
switching of the setting is determined based on the
abovementioned operating situation conditions, the set-
ting controlmodulemayalso forcibly switch up the setting
based on a forced high-setting signal inputted by the
client (regardless of whether operating situation condi-
tions A2, B2, C2... aremet). If a forced high-setting signal
inputted by a user is received in a particular cycle, the
setting control module can control the setting of the dual-
setting pump to switch from the low setting to the high
setting.
[0063] In addition, the setting control module may also
determine that upward switching of the setting shall be
prohibitedaccording to operating situation conditionsA2,
B2, C2... and a high-setting prohibition signal inputted by
the user. Specifically, in a particular cycle, even if one of
operating situation conditions A2, B2, C2... is met, but
there is a corresponding high-setting prohibition signal
inputted by the client, the setting control module will not
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perform an up-switching operation; the setting control
modulecanonlyperformanup-switchingoperationwhen
there is no corresponding high-setting prohibition signal.
[0064] The high-setting prohibition signal is reciprocal
to the forced high-setting signal; each high-setting pro-
hibition signal may be inputted via the same interface as
the corresponding forced high-setting signal, but cannot
be inputted at the same time, thus preventing erroneous
operation by the user.
[0065] The forced low-setting signal may be used as
the high-setting prohibition signal, and the forced high-
setting signal may be used as the low-setting prohibition
signal.
[0066] According to a further feasible solution, when
one of the high-setting operating situation conditions A2,
B2, C2... is met, it is further necessary to judge whether
the low setting was switched to previously because the
corresponding low-setting operating situation condition
A1, B1, C1... was met. If the low setting was switched to
previously because the corresponding low-setting oper-
ating situation condition A1, B1, C1... wasmet, switching
to the high setting will be permitted, otherwise, switching
to the high setting will not be permitted. For example,
whenhigh-settingoperating situation conditionA2 ismet,
it is further necessary to judge whether the low setting
was switched to previously because the corresponding
low-setting operating situation condition A1 was met. If
the low setting was switched to previously because the
corresponding low-setting operating situation condition
A1 was met, switching to the high setting will be per-
mitted; if the reason for switching to the low setting was
not that the corresponding low-setting operating situation
condition A1 was met (e.g. the low setting was switched
to because the low-setting operating situation conditions
B1, C1 were met or because of a forced signal from the
user), switching to the high setting will not be permitted.
[0067] Furthermore, if the setting control module per-
mits the setting to be changed, it does not immediately
perform a setting-change operation, but performs a set-
ting-change operation after a delay.
[0068] Fig. 2 shows such a delay schematically; in the
figure, the horizontal axis is the time t experienced by the
dual-setting pump after startup, and the vertical axis
represents the pump displacement Vg, i.e. the displace-
ment per revolution, typically including a high displace-
ment Vh at the high setting and a low displacement VI at
the low setting.
[0069] As shown in Fig. 2, the dual-setting pump runs
at the high setting after startup.
[0070] At time t1, the setting control module deter-
mines that one or more of the low-setting operating
situation conditions is met. The setting control module
maintains the high setting for a delay period, waiting until
time t2 to switch the setting down to the low setting. The
delay between times t1 and t2 may be called the down-
switching delay.
[0071] Thedual-settingpump runsat the lowsetting.At
time t3, the setting control module determines that one or

more of the high-setting operating situation conditions is
met. The setting controlmodulemaintains the low setting
for adelayperiod,waitinguntil time t4 to switch thesetting
up to the high setting. The delay between times t3 and t4
may be called the up-switching delay.
[0072] The down-switching delay and up-switching
delay may be collectively called setting-change delays;
they may be set for specific job requirements and are
adjustable. For the abovementioned operating situation
conditions A1, B1, C1... A2, B2, C2..., corresponding
delay durations may be respectively set.
[0073] For example, each down-switching delay and
up-switching delay may be respectively set to about 10
seconds (the twodelaysarenotnecessarily equal); in this
way,most systemshocks (generally less than2seconds)
can be screened out.
[0074] The down-switching delay and up-switching
delay can provide many benefits.
[0075] For example, momentary shocks or interfer-
ence sometimes occur in hydraulic systems. By using
a down-switching delay and up-switching delay for spe-
cific job requirements,momentary shocksor interference
can be filtered out, thus avoiding erroneous switching of
the setting.
[0076] As another example, in certain operating situa-
tionswhich are briefly suitable for switching of the setting,
the user might be required to ignore this and not switch
the setting. In this case, by using a down-switching delay
andup-switchingdelay, thepossibility of brief switchingof
the setting can be eliminated.
[0077] In addition, in some jobs, the dual‑(multi‑)set-
ting pump needs to be matched to the timing of another
actuator, and switching of the setting of the dual‑(multi‑)
setting pump might need to be delayed. In this case, by
using a down-switching delay and up-switching delay,
precise matching of the dual‑(multi‑)setting pump to the
timing of the other actuator can be achieved.
[0078] For a particular operating cycle, both a down-
switching delay and an up-switching delay may be set
simultaneously, but it is also possible to only set a down-
switching delay or only set an up-switching delay.
[0079] An exemplary procedure of a setting control
algorithm which may be executed in the setting control
module of the dual-setting pump is described below with
reference to Fig. 3.
[0080] Referring to Fig. 3, firstly, in step S1, the dual-
setting pump is started up.
[0081] Next, in step S2, the drive system of the dual-
setting pump is initialized, the user inputs a set pressure,
flow rate, rotation speed, pump operating mode and
pump technical data, etc., the dual-setting pump initially
pumps liquid at one setting (the high setting generally
being chosen), and high/low-setting operating situation
conditions and optional user-inputted forced setting-
change signals and setting-change prohibition signals
in the current cycle are monitored.
[0082] Next, in step S3, the setting control module
judges whether setting-change conditions (low-setting
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operating situation conditions and high-setting operating
situation conditions) in the current cycle are met, and
optionally, whether there are corresponding user-in-
putted forced/prohibition signals, and thereby deter-
mineswhether thecurrent setting is suitable in thecurrent
cycle.
[0083] If it is judged in stepS3 that the current setting is
not suitable in the current cycle, the method proceeds to
step S4; if it is judged that the current setting is suitable in
the current cycle, the method returns to step S2.
[0084] In step S4, the setting-change delay is imple-
mented.
[0085] Next, in step S5, it is determined again whether
the current setting is suitable in the current cycle (similar
to step S3).
[0086] If it is judged in stepS5 that the current setting is
not suitable in the current cycle, the method proceeds to
step S6; if it is judged that the current setting is suitable in
the current cycle, the method returns to step S2.
[0087] In step S6, the setting is changed, then the
method returns to step S2, to perform operating situation
monitoring and the setting control loop for the next cycle.
[0088] It will be understood that those skilled in the art
could make various modifications to the steps in the
procedure in Fig. 3, e.g. add judgement conditions, etc.
[0089] To verify the technical effect of the setting con-
trol algorithm having a delay function according to the
present application, a corresponding test platform was
used to test different dual-setting pump setting control
techniques; the test results can be seen in Fig. 4, inwhich
curve S1 represents operating situation conditions, and
curve S2 represents displacement (corresponding to
setting).
[0090] Firstly, the setting control module controls the
dual-setting pump to run at high displacement Vh (high
setting). During this period, a low-setting operating situa-
tion condition briefly occurs on two occasions in the
operating situation conditions. However, the duration of
each low-setting operating situation condition is shorter
than the down-switching delay, so the setting control
module does not perform a down-switching operation.
[0091] Thereafter, a low-setting operating situation
condition of duration longer than the down-switching
delay occurs, and the setting control module performs
a down-switching operation, such that the dual-setting
pump runs at low displacement VI (low setting). During
this period, a high-setting operating situation condition
briefly occurs once in the operating situation conditions.
However, the duration of the high-setting operating situa-
tion condition is shorter than the up-switching delay, so
the setting control module does not perform an up-
switching operation.
[0092] Thereafter, a high-setting operating situation
condition of duration longer than the up-switching delay
occurs, and the setting control module performs an up-
switchingoperation, such that thedual-settingpump runs
at high displacement Vh (high setting).
[0093] The test results in Fig. 4 show that the setting

controlmodule in the control unit 3 of the present applica-
tion canavoidbrief setting-changeoperations, so that the
pump output remains stable, and fluctuation in output
pressure is avoided.
[0094] The setting control module of the present ap-
plication is preferably configured to control the dual-set-
ting pump to run at the high setting after startup of the
dual-setting pump, and prohibit down-switching of the
setting within a set period of time after startup.
[0095] The various ideas and features described
above for the dual-setting pump are likewise applicable
to other multi-setting pumps.
[0096] Further, in a hydraulic system, it is generally
necessary to collect system pressure information in real
time, as parameters for feedback control. For example,
the output pressure of the multi-setting pump of the
present application may be acquired by means of a
pressure sensor installed in the hydraulic system. How-
ever, due to oil path switching, the pressure sensor is
sometimes unable to provide a true reflection of the
pressure load acting at the output end of themulti-setting
pump (i.e. the output pressure of themulti-setting pump).
In some cases, the hydraulic system or multi-setting
pump is not equipped with a pressure sensor. In these
cases, the control unit 3 of the present application is
configured to be able to estimate the output pressure
of the multi-setting pump.
[0097] Specifically, themotor torquemaybemeasured
bya torquesensor.Alternatively, themotor torquemaybe
calculated based on a control current outputted by the
frequency changer to the motor 2 and the rotation speed
of the motor 2. For example, the motor torque may be
obtained by multiplying the motor control current by a
torque constant related to rotation speed. Based on the
measured or calculated motor torque and the pump dis-
placement determined by the control unit 3, the output
pressure of themulti-setting pump can be calculated. For
example, the output pressure (expressed in the form of a
pressure difference between an oil outlet and an oil inlet)
may be obtained by multiplying the motor torque by
efficiency, then dividing by the pump displacement and
then multiplying by a coefficient.
[0098] Although the output pressure of the multi-set-
ting pump that is calculated in this way is an estimated
value, it is sufficiently precise, and can be used for the
setting control described above that is performed by the
setting control module.
[0099] The estimated output pressure of the multi-set-
ting pump in the present applicationmay be used directly
for setting control and other control when the hydraulic
system or multi-setting pump is not equipped with a
pressure sensor; and when the hydraulic system or mul-
ti-setting pump is equipped with a pressure sensor, the
estimated output pressure may be used to correct a
detected value of the pressure sensor or directly replace
the detected value of the pressure sensor in the event of
oil path switching or other situations, for use in setting
control and other control.
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[0100] Furthermore, if the hydraulic system or multi-
setting pump is equipped with a pressure sensor, a for-
mula similar to the previous formula for calculating pump
displacement is used to calculate thepumpdisplacement
based on the detected value of the pressure sensor and
the motor torque (or motor control current). Thus, if the
multi-setting pump is not equipped with a displacement
sensor, the pump displacement calculated (estimated) in
this way is used to perform multi-setting pump control.
[0101] The setting control algorithm of the present
application is suitable for various multi-setting pumps,
and is not limited to the dual-setting pump described
above. Generally, a multi-setting pump comprises multi-
ple settings, which include at least one pair of settings
which are high and low relative to one another (the
displacement at the high setting being greater than the
displacement at the lowsetting), e.g. setting 4 and setting
3, setting 3 and setting 2, setting 2 and setting 1, setting 4
and setting 2, setting 4 and setting 1, setting 3 and setting
1, and so on. Depending on the type of pump, the multi-
setting pump may also include a zero setting, or even a
negative setting. The setting control algorithm of the
present application can achieve automatic control of
switching of the pump setting between the high setting
and the low setting. For switching between different high
and low settings, all that need be done is to set corre-
sponding control conditions.
[0102] In the present application, the setting control
algorithm is added in themulti-settingpump’sowncontrol
system, and is suitable for a variety of variable-speed/-
variable-displacement applications, with no need for the
end user to perform additional programming for this
purpose, thus saving time and reducing costs for the
user. In addition, an external signal interface is reserved,
and the end user can actively input control signals as he
or shewishesvia theexternal signal interface to influence
the setting control result; this increases the practicality. In
addition, the setting control algorithm is integrated in the
drive system of the multi-setting pump, and the end user
may even omit the PLC, thus reducing wiring and costs.
[0103] In addition, according to the setting control al-
gorithmof the present application, themulti-setting pump
can achieve automatic switching of the setting so that the
displacement of the multi-setting pump is suitable for a
particular operating situation; thus, the operational pre-
cision and pump discharge precision are increased.
[0104] Furthermore, by setting the various parameters
in setting switching, e.g. the second pressure difference
limit value that is set in thehigh-settingoperatingsituation
condition A2 being greater than the first pressure differ-
ence limit value that is set in the corresponding low-
setting operating situation condition A1, the operating
stability can be increased, to avoid overly frequent
switching of the setting and pressure fluctuation.
[0105] In addition, once a condition for switching the
setting has been met, a setting-change operation is
performed only after a switching delay, so erroneous
switching due to system shocks can be avoided, switch-

ing can be prohibited according to a user requirement,
and a delay required formatching to the timing of another
actuator can be provided.
[0106] Although the present application has been de-
scribed here with reference to specific embodiments, the
scope of the present application is not limited to the
details shown. Various modifications can be made to
these details without deviating from the basic principles
of the present application.

Claims

1. Multi-setting pump, comprising a pump part (1) dri-
ven by a motor (2), the multi-setting pump having
multiple settings which at least comprise a high set-
ting and a low setting,

wherein the multi-setting pump further com-
prises a control unit (3), comprising: a control
board for controlling operation of the motor (2)
and the pump part (1), a frequency changer for
controlling a drive current of themotor (2), and a
setting control module integrated in the control
board and/or the frequency changer;
setting-change conditions are set in the setting
control module, the setting-change conditions
comprising a low-setting operating situation
condition and a high-setting operating situation
condition;
the setting control module is configured to col-
lect operating situation conditions, and is able to
perform setting-change operations when the
operating situation conditions meet the set-
ting-change conditions,
wherein the setting control module is configured
to perform a down-switching operation after a
down-switching delay waiting until a predefined
time point when the low-setting operating situa-
tion condition is met, and/or perform an up-
switching operation after an up-switching delay
waiting until a predefined time point when the
high-setting operating situation condition ismet,
and
wherein the low-setting operating situation con-
dition comprises multiple parallel low-setting
operating situation conditions, and the setting
controlmodule permits adown-switchingopera-
tion tobeperformedwhenanyoneormoreof the
multiple low-setting operating situation condi-
tions is met;
the high-setting operating situation condition
comprises multiple parallel high-setting operat-
ing situation conditions, and the setting control
module permits an up-switching operation to be
performed when any one or more of themultiple
high-setting operating situation conditions is
met, and
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wherein each of the multiple parallel low-setting
operating situation conditions respectively cor-
responds to each of the multiple parallel high-
setting operating situation conditions.

2. Multi-setting pump according to Claim 1, wherein in
the setting control module, a respective down-
switching delay is set for each low-setting operating
situation condition respectively, and a respective up-
switching delay is set for each high-setting operating
situation condition respectively.

3. Multi-settingpumpaccording toClaim1or2,wherein
the setting controlmodule is configured to: when one
of the multiple high-setting operating situation con-
ditions is met, further judge whether the low setting
was switched to previously because the correspond-
ing low-setting operating situation condition was
met; if the low setting was switched to previously
because the corresponding low-setting operating
situation condition was met, switching to the high
setting is permitted, but if the reason for switching to
the low setting previously was not that the corre-
sponding low-setting operating situation condition
was met, switching to the high setting is not per-
mitted.

4. Multi-settingpumpaccording to anyoneofClaims1 -
3, wherein the low-setting operating situation condi-
tion comprises a low-setting operating situation con-
dition A1, the low-setting operating situation condi-
tion A1 being defined as:

a difference (ΔP) between a set output pressure
(P_cmd) and an actual output pressure (P_real)
of the pump is less than a set first pressure
difference limit value (ΔP_threshold1); and
anactual rotation speed (N_real) of the pump (1)
is lower than a set pump speed limit value; and
the actual output pressure (P_real) of the pump
(1) is higher than a set first pressure limit value
(P_lim1);
the high-setting operating situation condition
comprises a high-setting operating situation
condition A2 corresponding to the low-setting
operating situation condition A1, the high-set-
ting operating situation condition A2 being de-
fined as:
the low-setting operating situation condition A1
in the previous cycle was met, and the low-
setting operating situation condition A1 in the
current cycle is not met; and
the difference (ΔP) between the set output pres-
sure and the actual output pressure of the pump
is greater than a set second pressure difference
limit value (ΔP_threshold2), wherein the second
pressure difference limit value (ΔP_threshold2)
is greater than the first pressure difference limit

value (ΔP_threshold1); or the actual output
pressure (P_real) of the pump is lower than a
first pressure selection value (X1), wherein the
first pressure selection value is lower than the
first pressure limit value (P_lim1).

5. Multi-settingpumpaccording to anyoneofClaims1 -
4, wherein the low-setting operating situation condi-
tion comprises a low-setting operating situation con-
dition B1, the low-setting operating situation condi-
tion B1 being defined as:

an actual output pressure (P_real) of the pump
(1) is higher than a set second pressure limit
value (P_lim2), and a set output pressure
(P_cmd) of the pump is higher than a set third
pressure limit value (P_lim3);
the high-setting operating situation condition
comprises a high-setting operating situation
condition B2 corresponding to the low-setting
operating situation condition B1, the high-set-
ting operating situation condition B2 being de-
fined as:
the low-setting operating situation condition B1
in the previous cycle was met, and the low-
setting operating situation condition B1 in the
current cycle is not met; and
the actual output pressure (P_real) of the pump
is lower than a second pressure selection value
(X2), wherein the second pressure selection
value is lower than the second pressure limit
value (P_lim2); or the set output pressure
(P_cmd) of the pump is lower than a third pres-
sure selection value (X3),wherein the third pres-
sure selection value is lower than the third pres-
sure limit value (P_lim3).

6. Multi-settingpumpaccording to anyoneofClaims1 -
5, wherein

the low-setting operating situation condition
comprises a low-setting operating situation con-
dition C1, the low-setting operating situation
condition C1 being defined as:
a set output flow rate (Q_cmd) of the pump (1) is
less than a set output flow rate limit value
(O_cmd_lim);
the high-setting operating situation condition
comprises a high-setting operating situation
condition C2 corresponding to the low-setting
operating situation condition C1, the high-set-
ting operating situation condition C2 being de-
fined as:
the low-setting operating situation condition C1
in the previous cycle was met, and the low-
setting operating situation condition C1 in the
current cycle is not met; and
the set output flow rate (Q_cmd) of the pump (1)
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is greater than a flow rate selection value (X4),
the flow rate selection value being less than the
output flow rate limit value.

7. Multi-settingpumpaccording to anyoneofClaims1 -
6, wherein it further comprises a user signal inter-
face, and the setting control module is configured to
receive a signal inputted by a user via the user signal
interface, the signal inputted by the user comprising
a forced setting-change signal; and the setting con-
trolmodule is configured to perform a setting change
based on the forced setting-change signal received,
regardless of whether the setting-change conditions
are met.

8. Multi-setting pumpaccording toClaim 7,wherein the
signal inputted by the user further comprises a set-
ting-change prohibition signal, the setting-change
prohibition signal and the forced setting-change sig-
nal being mutually exclusive; and the setting control
module is configured to prohibit a setting-change
operation based on the setting-change prohibition
signal received, regardless of whether the setting-
change conditions are met.

9. Multi-settingpumpaccording to anyoneofClaims1 -
8, wherein the control unit is configured to be able to:

calculate an output pressure of the multi-setting
pump based on a motor torque and a pump
displacement; or
calculate a displacement of the multi-setting
pump based on an output pressure of the mul-
ti-setting pump and a motor torque.

10. Multi-settingpumpaccording to anyoneofClaims1 -
9, wherein the multi-setting pump is a dual-setting
pump.

Patentansprüche

1. Pumpe mit mehreren Einstellungen, umfassend ei-
nen Pumpenteil (1), der von einem Motor (2) ange-
trieben wird, wobei die Pumpe mit mehreren Ein-
stellungenmehrere Einstellungen aufweist, die min-
destens eine hohe Einstellung und eine niedrige
Einstellung umfassen,

wobei die Pumpe mit mehreren Einstellungen
ferner eine Steuereinheit (3) umfasst, die Fol-
gendes umfasst: eine Steuerplatine zum
Steuern eines Betriebs des Motors (2) und
des Pumpenteils (1), einen Frequenzumrichter
zum Steuern eines Antriebsstroms des Motors
(2) und ein Einstellungssteuermodul, das in die
Steuerplatine und/oder den Frequenzumrichter
integriert ist;

wobei Einstellungsänderungsbedingungen in
dem Einstellungssteuermodul eingestellt sind,
wobei die Einstellungsänderungsbedingungen
eine Betriebssituationsbedingung für die niedri-
ge Einstellung und eine Betriebssituationsbe-
dingung für die hohe Einstellung umfassen;
wobei das Einstellungssteuermodul dazu aus-
gelegt ist, Betriebssituationsbedingungen zu er-
fassen, und in der Lage ist, Einstellungsände-
rungsvorgänge durchzuführen, wenn die Be-
triebssituationsbedingungen die Einstellungs-
änderungsbedingungen erfüllen,
wobei das Einstellungssteuermodul dazu aus-
gelegt ist, einen Herunterschaltvorgang nach
einer Herunterschaltverzögerung durchzufüh-
ren, die bis zu einem vordefinierten Zeitpunkt
wartet, zu demdie Betriebssituationsbedingung
für die niedrige Einstellung erfüllt ist, und/oder
einen Hochschaltvorgang nach einer Hoch-
schaltverzögerung durchzuführen, die bis zu
einem vordefinierten Zeitpunkt wartet, zu dem
die Betriebssituationsbedingung für die hohe
Einstellung erfüllt ist, und
wobei die Betriebssituationsbedingung für die
niedrigeEinstellungmehrere parallele Betriebs-
situationsbedingungen für die niedrige Einstel-
lung umfasst, und das Einstellungssteuermodul
zulässt, dass ein Herunterschaltvorgang durch-
geführt wird, wenn eine oder mehrere beliebige
der mehreren Betriebssituationsbedingungen
für die niedrige Einstellung erfüllt ist;
wobei die Betriebssituationsbedingung für die
hohe Einstellung mehrere parallele Betriebssi-
tuationsbedingungen für die hohe Einstellung
umfasst, und das Einstellungssteuermodul zu-
lässt, dass einHochschaltvorgang durchgeführt
wird, wenn eine oder mehrere beliebige der
mehreren Betriebssituationsbedingungen für
die hohe Einstellung erfüllt ist, und
wobei jede der mehreren parallelen Betriebs-
situationsbedingungen für die niedrige Einstel-
lung jeweils jeder der mehreren parallelen Be-
triebssituationsbedingungen für die hohe Ein-
stellung entspricht.

2. Pumpe mit mehreren Einstellungen nach Anspruch
1, wobei in dem Einstellungssteuermodul jeweils
eine jeweilige Herunterschaltverzögerung für jede
Betriebssituationsbedingung fürdieniedrigeEinstel-
lung eingestellt ist und jeweils eine jeweilige Hoch-
schaltverzögerung für jede Betriebssituationsbedin-
gung für die hohe Einstellung eingestellt ist.

3. Pumpe mit mehreren Einstellungen nach Anspruch
1 oder 2, wobei das Einstellungssteuermodul zu
Folgendem ausgelegt ist: wenn eine der mehreren
Betriebssituationsbedingungen für die hohe Einstel-
lung erfüllt ist, ferner Beurteilen, ob zuvor in die
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niedrige Einstellung geschaltet wurde, da die ent-
sprechende Betriebssituationsbedingung für die
niedrige Einstellung erfüllt war; falls zuvor in die
niedrige Einstellung geschaltet wurde, da die ent-
sprechende Betriebssituationsbedingung für die
niedrige Einstellung erfüllt war, ist ein Schalten in
die hoheEinstellung zulässig, falls jedoch derGrund
für das zuvorige Schalten in die niedrige Einstellung
nicht darin bestand, dass die entsprechende Be-
triebssituationsbedingung für die niedrige Einstel-
lung erfüllt war, ist ein Schalten in die hohe Einstel-
lung nicht zulässig.

4. Pumpe mit mehreren Einstellungen nach einem der
Ansprüche 1‑3, wobei die Betriebssituationsbedin-
gung für die niedrige Einstellung eine Betriebssitua-
tionsbedingung A1 für die niedrige Einstellung um-
fasst, wobei die Betriebssituationsbedingung A1 für
die niedrige Einstellung wie folgt definiert ist:

eine Differenz (ΔP) zwischen einem eingestell-
ten Ausgangsdruck (P_cmd) und einem tat-
sächlichen Ausgangsdruck (P_real) der Pumpe
ist kleiner als ein eingestellter erster Druckdiffe-
renzgrenzwert (ΔP_threshold1); und
eine tatsächliche Drehzahl (N_real) der Pumpe
(1) ist niedriger als ein eingestellter Pumpend-
rehzahlgrenzwert; und
der tatsächliche Ausgangsdruck (P_real) der
Pumpe (1) ist höher als ein eingestellter erster
Druckgrenzwert (P_lim1) ;
die Betriebssituationsbedingung für die hohe
Einstellung umfasst eine Betriebssituationsbe-
dingung A2 für die hohe Einstellung, die der
Betriebssituationsbedingung A1 für die niedrige
Einstellung entspricht, wobei die Betriebssitua-
tionsbedingung A2 für die hohe Einstellung wie
folgt definiert ist:

die Betriebssituationsbedingung A1 für die
niedrige Einstellung im vorherigen Zyklus
war erfüllt, und die Betriebssituationsbedin-
gung A1 für die niedrige Einstellung im ak-
tuellen Zyklus ist nicht erfüllt; und
dieDifferenz (ΔP) zwischen demeingestell-
ten Ausgangsdruck und dem tatsächlichen
Ausgangsdruck der Pumpe ist größer als
ein eingestellter zweiter Druckdifferenz-
grenzwert (ΔP_threshold2), wobei der
zweite Druckdifferenzgrenzwert (ΔP_thres-
hold2) größer als der erste Druckdifferenz-
grenzwert (ΔP_threshold1) ist; oder der tat-
sächliche Ausgangsdruck (P_real) der
Pumpe ist niedriger als ein erster Druck-
auswahlwert (X1), wobei der erste Druck-
auswahlwert niedriger als der erste Druck-
grenzwert (P_lim1) ist.

5. Pumpe mit mehreren Einstellungen nach einem der
Ansprüche 1‑4, wobei die Betriebssituationsbedin-
gung für die niedrige Einstellung eine Betriebssitua-
tionsbedingung B1 für die niedrige Einstellung um-
fasst, wobei die Betriebssituationsbedingung B1 für
die niedrige Einstellung wie folgt definiert ist:

der tatsächliche Ausgangsdruck (P_real) der
Pumpe (1) ist höher als ein eingestellter zweiter
Druckgrenzwert (P_lim2), und ein eingestellter
Ausgangsdruck (P_cmd) der Pumpe ist höher
als ein eingestellter dritter Druckgrenzwert
(P_lim3);
die Betriebssituationsbedingung für die hohe
Einstellung umfasst eine Betriebssituationsbe-
dingung B2 für die hohe Einstellung, die der
Betriebssituationsbedingung B1 für die niedrige
Einstellung entspricht, wobei die Betriebssitua-
tionsbedingung B2 für die hohe Einstellung wie
folgt definiert ist:

die Betriebssituationsbedingung B1 für die
niedrige Einstellung im vorherigen Zyklus
war erfüllt, und die Betriebssituationsbedin-
gung B1 für die niedrige Einstellung im ak-
tuellen Zyklus ist nicht erfüllt; und
der tatsächliche Ausgangsdruck (P_real)
der Pumpe ist niedriger als ein zweiter
Druckauswahlwert (X2), wobei der zweite
Druckauswahlwert niedriger als der zweite
Druckgrenzwert (P_lim2) ist; oder der ein-
gestellte Ausgangsdruck (P_cmd) der
Pumpe ist niedriger als ein dritter Druck-
auswahlwert (X3), wobei der dritte Druck-
auswahlwert niedriger als der dritte Druck-
grenzwert (P_lim3) ist.

6. Pumpe mit mehreren Einstellungen nach einem der
Ansprüche 1‑5, wobei
dieBetriebssituationsbedingung für die niedrigeEin-
stellung eineBetriebssituationsbedingungC1 für die
niedrige Einstellung umfasst, wobei die Betriebssi-
tuationsbedingung C1 für die niedrige Einstellung
wie folgt definiert ist:

eine eingestellte Ausgangsströmungsrate
(Q_cmd) der Pumpe (1) ist kleiner als ein ein-
gestellter Ausgangsströmungsratengrenzwert
(Q_cmd_lim);
die Betriebssituationsbedingung für die hohe
Einstellung umfasst eine Betriebssituationsbe-
dingung C2 für die hohe Einstellung, die der
BetriebssituationsbedingungC1 für die niedrige
Einstellung entspricht, wobei die Betriebssitua-
tionsbedingung C2 für die hohe Einstellung wie
folgt definiert ist:

die Betriebssituationsbedingung C1 für die
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niedrige Einstellung im vorherigen Zyklus
war erfüllt, und die Betriebssituationsbedin-
gung C1 für die niedrige Einstellung im ak-
tuellen Zyklus ist nicht erfüllt; und
die eingestellte Ausgangsströmungsrate
(Q_cmd) der Pumpe (1) ist größer als ein
Strömungsratenauswahlwert (X4), wobei
der Strömungsratenauswahlwert kleiner
als der Ausgangsströmungsratengrenz-
wert ist.

7. Pumpe mit mehreren Einstellungen nach einem der
Ansprüche 1‑6, wobei sie ferner eine Benutzersig-
nalschnittstelle umfasst, und wobei das Einstel-
lungssteuermodul dazu ausgelegt ist, ein von einem
Benutzer über die Benutzersignalschnittstelle ein-
gegebenes Signal zu empfangen, wobei das von
dem Benutzer eingegebene Signal ein Signal für
eine erzwungene Einstellungsänderung umfasst;
und wobei das Einstellungssteuermodul dazu aus-
gelegt ist, unabhängig davon, ob die Einstellungs-
änderungsbedingungen erfüllt sind, eine Einstel-
lungsänderung basierend auf dem empfangenen
Signal für eine erzwungene Einstellungsänderung
durchzuführen.

8. Pumpe mit mehreren Einstellungen nach Anspruch
7, wobei das von demBenutzer eingegebene Signal
ferner ein Einstellungsänderungsverbotssignal um-
fasst, wobei sich das Einstellungsänderungsver-
botssignal und das Signal für eine erzwungene Ein-
stellungsänderung gegenseitig ausschließen; und
wobei das Einstellungssteuermodul dazu ausgelegt
ist, unabhängig davon, ob die Einstellungsände-
rungsbedingungen erfüllt sind, einen Einstellungs-
änderungsvorgang basierend auf dem empfang-
enen Einstellungsänderungsverbotssignal zu ver-
bieten.

9. Pumpe mit mehreren Einstellungen nach einem der
Ansprüche 1‑8, wobei die Steuereinheit dazu aus-
gelegt ist, zu Folgendem in der Lage zu sein:

Berechnen eines Ausgangsdrucks der Pumpe
mit mehreren Einstellungen basierend auf ei-
nem Motordrehmoment und einer Pumpenver-
drängung; oder
Berechnen einer Verdrängung der Pumpe mit
mehreren Einstellungen basierend auf einem
Ausgangsdruck der Pumpe mit mehreren Ein-
stellungen und einem Motordrehmoment.

10. Pumpe mit mehreren Einstellungen nach einem der
Ansprüche 1‑9, wobei die Pumpe mit mehreren Ein-
stellungen eine Pumpe mit zwei Einstellungen ist.

Revendications

1. Pompe à plusieurs réglages, comprenant une partie
pompe (1) entraînée par un moteur (2), la pompe à
plusieurs réglages comportant plusieurs réglages
qui comprennent au moins un réglage haut et un
réglage bas, la pompe à plusieurs réglages compre-
nant en outre une unité de commande (3), compre-
nant : un tableau de commande pour commander le
fonctionnement du moteur (2) et de la partie pompe
(1), un modificateur de fréquence pour commander
un courant d’entraînement du moteur (2), et un mo-
dule de commande de réglage intégré dans le ta-
bleau de commande et/ou le modificateur de fré-
quence ; des conditions de modification de réglage
étant définies dans le module de commande de
réglage, les conditions de modification de réglage
comprenant une condition de situation de fonction-
nement à réglage bas et une condition de situation
de fonctionnement à réglage haut ; le module de
commande de réglage étant conçu pour collecter les
conditions de situation de fonctionnement et pou-
vant effectuer des opérations de modification de
réglage lorsque les conditions de situation de fonc-
tionnement correspondent aux conditions de modi-
fication de réglage,

lemodule de commandede réglage étant conçu
pour effectuer une opération de commutation
vers le bas après un délai d’attente de commu-
tation vers le bas attendant jusqu’à un moment
prédéfini lorsque la condition de situation de
fonctionnement à réglage bas est remplie, et/ou
pour effectuer une opération de commutation
vers le haut après un délai d’attente de commu-
tation vers le haut jusqu’à un moment prédéfini
lorsque la condition de situation de fonctionne-
ment à réglage haut est remplie, et
la condition de situation de fonctionnement à
réglagebas comprenant plusieurs conditionsde
situation de fonctionnement à réglage bas en
parallèle, et lemodule de commande de réglage
permettant d’effectuer une opération de
commutation vers lebas lorsqu’uneouplusieurs
des multiples conditions de situation de fonc-
tionnement à réglage bas sont remplies ;
la condition de situation de fonctionnement à
réglage haut comprenant plusieurs conditions
de situation de fonctionnement à réglage haut
parallèles, et le module de commande de ré-
glage permettant d’effectuer une opération de
commutation vers le haut lorsqu’une ou plu-
sieurs des multiples conditions de situation de
fonctionnement à réglage haut sont remplies, et
chacune des multiples conditions de situation
de fonctionnement à réglage bas parallèles cor-
respondant respectivement à chacune desmul-
tiples conditions de situation de fonctionnement
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à réglage haut parallèles.

2. Pompeàplusieurs réglagesselon la revendication1,
dans le module de commande de réglage, un délai
de commutation vers le bas respectif étant défini
pour chaque condition de situation de fonctionne-
ment à réglage bas respectivement, et un délai de
commutation vers le haut respectif étant défini pour
chaque condition de situation de fonctionnement à
réglage haut respectivement.

3. Pompe à plusieurs réglages selon la revendication 1
ou 2, le module de commande de réglage étant
conçu pour : lorsque l’une des multiples conditions
de situation de fonctionnement à réglage haut est
remplie, déterminer si le réglage bas a été commuté
précédemment parce que la condition de situation
de fonctionnement à réglage bas correspondante
était remplie ; si le réglage bas a été commuté pré-
cédemment parce que la condition de situation de
fonctionnement à réglage bas correspondante était
remplie, la commutation au réglage haut étant auto-
risée, mais si la raison de la commutation au réglage
bas précédemment n’était pas que la condition de
situation de fonctionnement à réglage bas corres-
pondante était remplie, la commutation au réglage
haut n’étant pas autorisé.

4. Pompe à plusieurs réglages selon l’une quelconque
des revendications 1 à 3, la condition de situation de
fonctionnement à réglage bas comprenant une
condition de situation de fonctionnement à réglage
basA1, la condition de situation de fonctionnement à
réglage bas A1 étant définie comme suit :

une différence (ΔP) entre une pression de sortie
réglée (P_cmd) et une pression de sortie réelle
(P_real) de la pompe est inférieure à une pre-
mière valeur limite de différence de pression
réglée (ΔP_threshold1) ; et
une vitesse de rotation réelle (N_real) de la
pompe (1) est inférieure à une valeur limite de
vitesse de pompe réglée ; et
la pression de sortie réelle (P_real) de la pompe
(1) est supérieure à une première valeur limite
de pression réglée (P_lim1) ;
la condition de situation de fonctionnement à
réglage haut comprend une condition de situ-
ation de fonctionnement à réglage haut A2 cor-
respondant à la condition de situation de fonc-
tionnement à réglage bas A1, la condition de
situation de fonctionnement à réglage haut A2
étant définie comme suit :

la condition de situation de fonctionnement
à réglage bas A1 dans le cycle précédent
était remplie et la condition de situation de
fonctionnement à réglage bas A1 dans le

cycle actuel n’est pas remplie ; et
la différence (ΔP) entre la pression de sortie
réglée et la pression de sortie réelle de la
pompeest supérieureàunesecondevaleur
limite de différence de pression réglée
(ΔP_threshold2), la seconde valeur limite
de différence de pression (ΔP_threshold2)
étant supérieure à la première valeur limite
de différence de pression (ΔP_threshold1) ;
ou la pression de sortie réelle (P_real) de la
pompe est inférieure à une première valeur
de sélection de pression (X1), la première
valeur de sélection de pression étant infé-
rieure à la première valeur limite de pres-
sion (P_lim1).

5. Pompe à plusieurs réglages selon l’une quelconque
des revendications 1 à 4, la condition de situation de
fonctionnement à réglage bas comprenant une
condition de situation de fonctionnement à réglage
basB1, la condition de situation de fonctionnement à
réglage bas B1 étant définie comme suit :

la pression de sortie réelle (P_real) de la pompe
(1) est supérieure à une deuxième valeur limite
de pression réglée (P_lim2), et une pression de
sortie réglée (P_cmd) de la pompe est supéri-
eure à une troisième valeur limite de pression
réglée (P_lim3) ;
la condition de situation de fonctionnement à
réglage haut comprend une condition de situ-
ation de fonctionnement à réglage haut B2 cor-
respondant à la condition de situation de fonc-
tionnement à réglage bas B1, la condition de
situation de fonctionnement à réglage haut B2
étant définie comme suit :

la condition de situation de fonctionnement
à réglage bas B1 dans le cycle précédent
était remplie et la condition de situation de
fonctionnement à réglage bas B1 dans le
cycle actuel n’est pas remplie ; et
la pression de sortie réelle (P_real) de la
pompeest inférieureàunedeuxièmevaleur
de sélection de pression (X2), la deuxième
valeur de sélection de pression étant infé-
rieure à la deuxième valeur limite de pres-
sion (P_lim2) ; ou la pression de sortie ré-
glée (P_cmd) de la pompe est inférieure à
une troisième valeur de sélection de pres-
sion (X3), la troisièmevaleur desélectionde
pression étant inférieure à la troisième va-
leur limite de pression (P_lim3).

6. Pompe à plusieurs réglages selon l’une quelconque
des revendications 1 à 5,
la conditiondesituationde fonctionnement à réglage
bas comprenant une condition de situation de fonc-
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tionnement à réglage bas C1, la condition de situ-
ation de fonctionnement à réglage bas C1 étant
définie comme suit :

un débit de sortie réglé (Q_cmd) de la pompe (1)
est inférieur à une valeur limite de débit de sortie
réglée (Q_cmd_lim) ;
la condition de situation de fonctionnement à
réglage haut comprend une condition de situ-
ation de fonctionnement à réglage haut C2 cor-
respondant à la condition de situation de fonc-
tionnement à réglage bas C1, la condition de
situation de fonctionnement à réglage haut C2
étant définie comme suit :

la condition de situation de fonctionnement
à réglage bas C1 dans le cycle précédent
était remplie et la condition de situation de
fonctionnement à réglage bas C1 dans le
cycle actuel n’est pas remplie ; et
le débit desortie réglé (Q_cmd)de lapompe
(1) est supérieur à une valeur de sélection
de débit (X4), la valeur de sélection de débit
étant inférieure à la valeur limite de débit de
sortie.

7. Pompe à plusieurs réglages selon l’une quelconque
des revendications 1 à 6, la pompe comprenant en
outre une interface de signal utilisateur, et le module
de commande de réglage étant conçu pour recevoir
un signal entré par un utilisateur par l’intermédiaire
de l’interface de signal utilisateur, le signal entré par
l’utilisateur comprenant un signal de modification de
réglage forcé ; et lemoduledecommandede réglage
étant conçu pour effectuer une modification de ré-
glage sur la base du signal de modification de ré-
glage forcé reçu, indépendamment du fait que les
conditions de modification de réglage soient rem-
plies.

8. Pompeàplusieurs réglagesselon la revendication7,
le signal entré par l’utilisateur comprenant en outre
un signal d’interdiction demodification de réglage, le
signal d’interdiction de modification de réglage et le
signal de modification de réglage forcé s’excluant
mutuellement ; le module de commande de réglage
étant conçu pour interdire une opération de modifi-
cation de réglage sur la base du signal d’interdiction
de modification de réglage reçu, indépendamment
du fait que les conditions de modification de réglage
soient remplies.

9. Pompe à plusieurs réglages selon l’une quelconque
des revendications 1 à 8, l’unité de commande étant
conçue pour pouvoir :

calculer une pression de sortie de la pompe à
plusieurs réglages sur la base d’un couple mo-

teur et d’une cylindrée de pompe ; ou
calculer un déplacement de la pompe à plu-
sieurs réglages sur la base d’une pression de
sortie de la pompe à plusieurs réglages et d’un
couple moteur.

10. Pompe à plusieurs réglages selon l’une quelconque
des revendications 1 à 9, la pompe à plusieurs ré-
glages étant une pompe à double réglage.
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