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(54) METHOD FOR ADJUSTING THE PRESSURE IN A PUMPING SYSTEM

(57) The invention describes a method for adjusting
the pressure in a pumping system (10) of a motor vehicle
with an internal combustion engine. The pumping system
(10) comprises one or more pumps, wherein each pump
is provided with a respective driving motor, and at least
one programmable electronic control unit (12). The meth-
od comprises the steps of adjusting or mapping the pro-
grammable electronic control unit (12) of the pumping

system (10), carried out by setting a set of predefined
operating parameters of each pump in the programmable
electronic control unit (12) of the pumping system (10),
and of controlling the operation of the pumping system
(10), wherein such control is an open-loop control and
wherein the control action is independent from the values
of the output parameters of the pumping system (10).
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Description

[0001] The present invention refers to a method for adjusting the pressure in a pumping system, in particular but not
exclusively a pumping system used in a motor vehicle with an internal combustion engine and provided with a selective
catalytic reduction device (SCR).
[0002] As known, selective catalytic reduction is a chemical process for reducing nitrogen oxides and mixtures thereof
in the exhaust gases of internal combustion engines. In a selective catalytic reduction device, commonly called catalytic
converter, a reducing chemical agent in liquid or gas state (in general ammonia or urea) is added to the exhaust gases.
The reducer has the strong tendency to absorb oxygen, thus limiting the formation of nitrogen oxides inside the exhaust
gas and forming H2O (steam) and N2 (nitrogen gas).
[0003] Currently, in SCR catalytic converters of motor vehicles a closed-loop Proportional-Integral-Derivative controller,
commonly abbreviated as PID controller or regulator, is commonly used to maintain the pressure of the chemical agent
within a predefined range of values. This allows the best operation both of the SCR catalyst, in particular in terms of the
injection step of the chemical agent, and of the internal combustion engine.
[0004] In the SCR catalyst of a motor vehicle with an internal combustion engine the feeding unit of the chemical agent
generally consists of a feeding pump provided with a filter. Using a PID controller, the speed of the driving motor of the
feeding pump of the chemical agent is subordinated to a signal indicative of the instantaneous pressure value of such
a chemical agent, which is continuously controlled and compared with the target value.
[0005] A generic PID controller acquires an input value from a process and compares it with a reference value. The
difference between these two values, consisting of the so-called error signal, is thus used to determine the value of the
output variable of the controller, which is the manipulable variable of the process. Figure 1 shows a block diagram that
illustrates the operation of a generic PID controller, in which:

- r(t) = reference value;
- e(t) - error signal;
- u(t) = output variable of the controller;
- d(t) = additive output disturbance of the controller;
- y(t) = value to be controlled;
- n(t) = measurement noise.

[0006] In a PID controller the output variable u(t) is generated based on the contribution of three terms. The first term
is proportional to the error signal e(t) between the reference value r(t) and the value to be controlled y(t). The second
term is proportional to the integral of the error signal e(t), thus depending on the average value of the error signal e(t).
The third term is, on the other hand, proportional to the derivative of the error signal e(t), thus being affected by the
speed of variation of the error signal e(t). The control law of the PID controller can therefore be written as follows:

where:

- KP = proportional gain;
- KI = integral gain;
- KD = derivative gain.

[0007] A motor vehicle with SCR catalyst must therefore be provided with a pressure sensor and with a PID controller
on-board its electronic control station to allow the motor of the feeding pump of the chemical agent to close the pressure
control loop of such a chemical agent. As mentioned previously, indeed, the speed of the driving motor of the feeding
pump of the chemical agent is subordinate to a signal indicative of the instantaneous pressure value of such a chemical
agent.
[0008] All of the external and disturbance factors, like for example temperature variation, viscosity and density values
of the chemical agent, different internal tolerances of the pump, wearing of the pump, etc., are compensated by simply
suitably adjusting the speed of the driving motor of the pump following the operative logic of a "black box" model. In the
theory of systems, a "black box" model is a system essentially describable by its external behaviour, in other words only
by how it reacts in output on the basis of a certain input stress, but the internal operation of which is not visible or is unknown.
[0009] Consequently, as known from the theory of controls and as shown in figure 2, a generic closed-loop PID
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controller carries out a feedback cycle that brings back, at the input of the process that it is wished to control, a function
of the output that is added algebraically to the signal already present in input. For this reason, the closed-loop controllers
are also called feedback controllers.
[0010] The purpose of the present invention is therefore to make a method for adjusting the pressure in a pumping
system that comprises an open-loop control, in which the control action is independent from the output variables from
the process that it is wished to control.
[0011] Another purpose of the present invention is to make a method for adjusting the pressure in a pumping system
that does not require the presence of a pressure sensor, thus adjusting the speed of the driving motor of the pump based
on a series of predefined and preset parameters.
[0012] These purposes according to the present invention are accomplished by making a method for adjusting the
pressure in a pumping system as outlined in claim 1.
[0013] Further characteristics of the invention are highlighted by the dependent claims, which are an integral part of
the present description.
[0014] The characteristics and advantages of a method for adjusting the pressure in a pumping system according to
the present invention will become clearer from the following description, given as an example and not for limiting purposes,
referring to the attached schematic drawings, in which:

figure 1 is a block diagram that illustrates the operating logic of a generic PID (Proportional-Integral-Derivative)
controller;
figure 2 is a block diagram that illustrates the operating logic of a generic closed-loop PID controller; and
figure 3 is a block diagram that illustrates the operating logic of an open-loop controller associable with a method
for adjusting the pressure in a pumping system according to the present invention.

[0015] With reference in particular to figure 3, a method for adjusting the pressure in a pumping system according to
the present invention is shown. The pumping system can be used in particular but not exclusively as a feeding unit of
the reducing chemical agent in a motor vehicle with an internal combustion engine, provided with a selective catalytic
reduction device (SCR).
[0016] Advantageously, therefore, the pumping system can be a pumping system of a selective catalytic reduction
device with which the motor vehicle with an internal combustion engine is provided.
[0017] The pumping system comprises at least one pumping circuit for at least one fluid, typically consisting of the
reducing chemical agent of the selective catalytic reduction device. The pumping system can consist of one or more
pumps of any type, typically positive displacement pumps. Each pump is provided with a respective driving motor,
typically consisting of an electric motor.
[0018] The pumping system is provided with at least one programmable electronic control unit. In figure 3 the pumping
system is schematised with reference numeral 10, whereas the programmable electronic control unit is schematised
with reference numeral 12.
[0019] The method for adjusting the pressure comprises a first step of adjusting (mapping) the programmable electronic
control unit 12 of the pumping system 10, to be carried out on the assembling line of the pumping system 10 itself. This
adjustment (mapping) step is carried out by setting a set of predefined operating parameters of each pump in the
programmable electronic control unit 12 of the pumping system 10.
[0020] The method for adjusting the pressure thus comprises a second step of controlling the operation of the pumping
system 10, wherein such control is an open-loop control. In an open-loop control the control action is independent from
the values of the output parameters from the pumping system 10. In order for the control step to be reliable, it is suitable
to preliminarily process a suitable mathematical model capable of simulating the operation of the pumping system 10
in a sufficiently precise manner.
[0021] The set of predefined operating parameters of each pump of the pumping system 10 can consist, preferably
but not exclusively, of one or more of the following parameters:

- nominal rotation speed (rpm) of the driving motor of each pump of the pumping system 10 in order to achieve the
pressure (in mbar) required by the pumping system 10 at room temperature (in °C);

- pressure pulsation law based on the pressure (in mbar) and the flow rate of the fluid (in l/h) processed by the pumping
system 10;

- flow rate-speed law (in l/h/rpm);
- torque-pressure law (in mNm/mBar);
- speed-temperature law (in rpm/°C);
- average wear effect over time law (in rpm/h) of the pumping system 10;
- correlation of the fluids (water-chemical agent) processed by the pumping system 10;
- combination of the parameters when the sum of the effects is non-linear.
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[0022] This set of parameters concerns exclusively the pumping system 10 and is therefore independent from the
operating conditions of the selective catalytic reduction device and, more generally, of the motor vehicle.
[0023] The control channel of the rotation speed of the driving motor of each pump of the pumping system 10 is
controlled by the programmable electronic control unit 12 as a function of a theoretical speed value, calculated using
the set of predefined operating parameters stored in such a programmable electronic control unit 12.
[0024] The pulsation level of each pump of the pumping system 10 can be estimated from the pulsation data detected
in the testing phase of the pumping system 10 itself.
[0025] The method for adjusting the pressure can also comprise a step of measuring the current absorbed by the
driving motor of each pump of the pumping system 10. The measured current value can be used as indirect measure
of the pressure level in the pumping circuit.
[0026] The parameters relative to the temperature values can be read through one or more temperature sensors. For
example, the temperature sensor normally present on the selective catalytic reduction device can be used.
[0027] Advantageously, the set of predefined operating parameters of each pump of the pumping system 10 comprises
at least the parameter of nominal rotation speed of the driving motor of each pump of the pumping system 10 in order
to achieve the pressure required by the pumping system 10 at room temperature.
[0028] Indeed, the possibility of preliminarily knowing at least the pressure generated by the pumping system 10 as
a function of the nominal rotation speed of the driving motor of each pump of the pumping system, so-called "pressure-
speed law", makes it possible to control the operation of the pumping system in an open loop, i.e. without using pressure
sensors.
[0029] The use of a combination of further parameters among those defined above, like for example the "average
wear effect over time law of the pumping system", in addition to the aforementioned "pressure-speed law" advantageously
makes it possible to control the operation of the pumping system in an even more accurate manner.
[0030] It has thus been seen that the method for adjusting the pressure in a pumping system according to the present
invention achieves the purposes highlighted earlier. The method for adjusting the pressure in a pumping system according
to the present invention makes it possible to drive such a pumping system in an open loop, without the need for pressure
feedback in the selective catalytic reduction device or SCR circuit. In addition, the method for adjusting the pressure in
a pumping system according to the present invention, ensuring a defined pressure that is as constant as possible in all
of the work conditions of the selective catalytic reduction device, ensures an adequate injection performance of the
chemical agent, with a simpler architecture and a smaller number of components.
[0031] The method for adjusting the pressure in a pumping system of the present invention thus conceived can in any
case undergo numerous modifications and variants, all of which are covered by the same inventive concept; moreover,
all of the details can be replaced by technically equivalent elements. In practice, the materials used, as well as the
shapes and sizes, can be whatever according to the technical requirements.
[0032] The scope of protection of the invention is therefore defined by the attached claims.

Claims

1. Method for adjusting the pressure in a pumping system (10) of a motor vehicle with an internal combustion engine,
the pumping system (10) comprising:

- at least one pumping circuit for at least one fluid;
- one or more pumps, wherein each pump is provided with a respective driving motor;
- at least one programmable electronic control unit (12);

the method being characterised in that it comprises the steps of:

- adjusting or mapping the programmable electronic control unit (12) of the pumping system (10), carried out
by setting a set of predefined operating parameters of said one or more pumps in the programmable electronic
control unit (12) of the pumping system (10);
- controlling the operation of the pumping system (10), wherein said control is an open-loop control and wherein
the control action is independent of the output parameter values of the pumping system (10).

2. Method according to claim 1, wherein the set of predefined operating parameters of said one or more pumps of the
pumping system (10) is chosen from the group consisting of one or more of the following parameters:

- nominal rotation speed of the driving motor of each pump of the pumping system (10) in order to achieve the
pressure required by said pumping system (10) at room temperature;
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- pressure pulsation law based on the pressure and flow rate of the fluid processed by the pumping system (10) ;
- flow rate-speed law;
- torque-pressure law;
- speed-temperature law;
- average wear effect over time law of the pumping system (10);
- correlation of the fluids (water-chemical agent) processed by the pumping system (10);
- combination of the parameters when the sum of the effects is non-linear.

3. Method according to claim 1 or 2, comprising a preliminary processing step of a mathematical model which is able
to simulate the pumping system (10) operation so that the control step is reliable.

4. Method according to any claims 1 to 3, wherein the step of adjusting or mapping the programmable electronic control
unit (12) of the pumping system (10) is carried out on the assembling line of the pumping system (10).

5. Method according to any claims 1 to 4, comprising a step of controlling, through the programmable electronic control
unit (12), the control channel of the rotation speed of the driving motor of each pump of the pumping system (10),
wherein said control step is carried out as a function of a theoretical speed value calculated using the set of predefined
operating parameters of said one or more pumps stored in said programmable electronic control unit (12).

6. Method according to any claims 1 to 5, comprising a step of estimating the pulsation level of each pump of the
pumping system (10), wherein said estimation step is carried out from the pulsation data detected during the as-
sembling line testing phase of said pumping system (10).

7. Method according to any claims 1 to 6, comprising a step of measuring the current absorbed by the driving motor
of each pump of the pumping system (10), wherein the measured current value is used as an indirect measure of
the pressure level in the pumping circuit.

8. Method according to claim 1, wherein the set of predefined operating parameters of said one or more pumps of the
pumping system (10) comprises at least the following parameter: nominal rotation speed of the driving motor of
each pump of the pumping system (10) in order to achieve the pressure required by said pumping system (10) at
room temperature.

9. Method according to one or more of the preceding claims, wherein said pumping system (10) is a pumping system
of a selective catalytic reduction device with which said motor vehicle is provided.
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