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Description

[0001] The present application relates to a method for
monitoring an SCR system. In particular it relates to a
method for detecting whether its injector is clogged.
[0002] Legislation on vehicle and heavy goods vehicle
emissions stipulates, amongst other things, a reduction
in the release of nitrogen oxides NOx into the atmos-
phere. One known way to achieve this objective is to use
the SCR (Selective Catalytic Reduction) process which
enables the reduction of nitrogen oxides by injection of
a reducing agent, generally ammonia, into the exhaust
line. This ammonia may derive from the pyrolytic decom-
position of an ammonia precursor solution, whose con-
centration may be the eutectic concentration. Such an
ammonia precursor is generally a urea solution.
[0003] With the SCR process, the high levels of NOx
produced in the engine during combustion at optimized
efficiency are treated in a catalyst on exiting the engine.
This treatment requires the use of the reducing agent at
a precise concentration and of extreme quality. The so-
lution is thus accurately metered and injected into the
exhaust gas stream where it is hydrolysed before con-
verting the nitrogen oxide (NOx) to nitrogen (N2) and wa-
ter (H2O).
[0004] In order to do this, it is necessary to equip the
vehicles with a tank containing an additive solution (gen-
erally an aqueous urea solution) and also a device for
metering the desired amount of additive and injecting it
into the exhaust line. This device is generally an injector
and preferably is of "active" type, i.e. it includes the me-
tering function.
[0005] Patent US 6,063,350 describes an SCR system
that uses an injector controlled by a PWM (Pulse Width
Modulation) signal. Such a signal is generally in the form
of a square-wave voltage, i.e. a train of rectangular elec-
trical pulses having a given duration and amplitude and
transmitted with a given period. These electrical pulses
actuate a coil (solenoid) which moves the needle of the
injector to its open position. Generally, the duration of
the pulses (and therefore the opening time of the injector)
is varied in order to vary the flow injected, hence the
name of this type of control (PWM). The advantage of
only varying the duration and not the frequency of the
pulses lies in the fact of having a linear relationship be-
tween the opening time and the amount (flow) injected,
hence a greater metering precision. There is an alterna-
tive to the aforementioned train of rectangular waves,
according to which a peak current is first used to open
the injector and a holding current is then used throughout
the open phase of the injector. Such a type of signal is
called PWM with hold. In the remainder of the document,
the acronym PWM will very simply be used to denote
these two types of signal. Injectors as described above
exist with one or more orifices that can be closed off by
a common needle valve.
[0006] However, the drawback of this type of injector
is that the orifice(s) may in the end become clogged. The

new Euro-6 standard which will come into effect in 2014
provides that every 30 min, a test must be carried out
and that an alarm must be sent if the amount of urea
consumed is less than 50% of the amount of urea re-
quired by the engine control system for carrying out the
pollution control of the exhaust gases.
[0007] Hence, some companies active in the develop-
ment of SCR systems have begun to develop systems
that make it possible to carry out such tests.
[0008] Thus, for example, applications US
2010/0005871 and US 2010/0071349 describe test
methods for an SCR system injector according to which
tests, in order to observe whether the injector is clogged,
the pump is shut down, the injector is fully opened and
it is observed how the pressure changes. These methods
are difficult to implement in practice because the opening
of the injector must be synchronous with the shutdown
of the pump. Moreover, they involve a disruption of the
pollution control process since the pump must be shut
down in order to make the diagnosis.
[0009] Application US 2010/0114455 describes anoth-
er test method for an SCR system injector which this time
is carried out with the pump running. It consists in mod-
ifying the condition (control) of the injector, then in ob-
serving how a quantity characteristic of its flow rate (the
rotational speed of the engine that drives it) changes. In
principle, this method could induce a lesser disruption of
the pollution control process, but it is not described in
sufficient detail in the application in question in order to
understand how it would work in practice. Moreover, the
application does not provide many details (especially re-
garding the type of pump in question, regarding the way
of carrying out the tests in practice, etc.) or experimental
results that make it possible to ensure its effective oper-
ation.
[0010] The present invention aims to solve these prob-
lems by providing a method for monitoring (detecting the
condition) of an SCR system injector which is simple and
gives good results in practice. It is based on the surprising
observation that with an SCR system equipped with an
injector of the type described above (the opening of the
orifice(s) of which is conditioned by a valve controlled by
a PWM signal) and with a pump (preferably a positive-
displacement pump) precisely controlled either in speed
or in pressure, differences may be observed over the
continuous measurements respectively of the pressure
or of the speed depending on whether the injector is or
is not clogged, especially:

- perturbations/fluctuations in pressure or in speed are
generally observed if the injector is not clogged,
these perturbations/fluctuations being greatly atten-
uated if the injector is clogged; and

- for a given pump and under given operating condi-
tions (temperature, speed or pressure especially),
the average value of the delta (or difference) in pres-
sure relative to a reference value or of the delta in
speed relative to a reference value is also dependent
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on whether the injector is or is not clogged.

[0011] It should be noted that the speed/pressure may
be generalized to any other type of parameter reflecting
the energy transmitted by the motor to the pump (see
below).
[0012] Hence, provided that use is made of the pres-
sure or speed measurements (or measurements of an-
other similar parameter) carried out by the monitoring
system of the SCR system, it is no longer necessary to
shut down or significantly disrupt the metering in order
to carry out a test for monitoring the condition of the in-
jector.
[0013] For this purpose, the present application relates
to a method for detecting whether an injector with a valve
controlled by a PWM signal of an SCR system is at least
partially clogged, said system comprising a pump driven
by a motor and the pressure of which is controlled by a
controller that continuously measures the pressure
and/or another parameter characteristic of the energy
transmitted by the motor to the pump, according to which,
during normal operation of the SCR system, specific por-
tions of one of these measurements are compared with
equivalent portions stored in a memory.
[0014] In particular: the controller compares the profile
of the pressure or speed (or other) perturbations/fluctu-
ations and/or the average value of the pressure or of the
speed under given conditions with reference profiles and
values stored in a memory and deduces the condition
(clogged or not) of the injector therefrom.
[0015] The injector to which the method according to
the invention applies comprises at least an orifice, the
opening/closing of which is carried out by a valve con-
trolled by a PWM signal as described above. This is gen-
erally an electromagnetic or piezoelectric valve. The in-
vention gives good results with injectors having an elec-
tromagnetic valve.
[0016] The pump to which the invention applies is a
pump, preferably a positive-displacement pump, driven
by a motor and the operation of which is generally con-
trolled by a controller. It is preferably a rotary pump and
hence generally comprises a stator and a rotor and can
preferably operate in two opposite rotational directions,
one generally corresponding to supplying the feed line
with liquid and the other generally corresponding to a
purge of the feed line. Preferably, the pump is a rotary
pump and the parameter characteristic of the energy
transmitted by the motor to the pump is the rotational
speed of the pump. The invention hence gives good re-
sults with a gear pump.
[0017] Any type of electric motor may be suitable for
driving the pump. Preferably, in the case of a rotary pump,
the motor is of the BLDC (brushless direct current) motor
type. In this case, the pump is driven by a magnetic cou-
pling between the rotor of the pump and a drive shaft of
the motor.
[0018] The controller of the pump is a control module
(generally comprising a PID regulator and a motor speed

controller) and an electric power supply unit which pref-
erably supplies the motor with the power required to op-
erate it at the desired speed and which enables its direc-
tion of rotation to be reversed, where necessary.
[0019] Preferably, according to the invention, the pump
is also controlled by a PWM-type signal. Most particularly
preferably, an ECM (Electronic Control Module) sends,
to the pump controller, a PWM (Pulse Width Modulation)
control signal having a duty cycle that varies as a function
of the desired operating conditions for the pump and ac-
cording to which the controller acts on the motor to apply
said operating conditions to the pump.
[0020] As explained previously, the present invention
is applied to an SCR system, the purpose of which is to
inject a pollution-control liquid into the exhaust gases of
an internal combustion engine. Such a system generally
comprises at least one tank for storing said liquid and a
feed line enabling said liquid to be conveyed to the injec-
tor using the pump (placed in this line therefore). One
liquid to which the present invention applies particularly
well is urea.
[0021] The term "urea" is understood to mean any,
generally aqueous, solution containing urea. The inven-
tion gives good results with eutectic water/urea solutions
for which there is a standard quality: for example, accord-
ing to the standard DIN 70070, in the case of the AdBlue®

solution (commercial solution of urea), the urea content
is between 31.8% and 33.2% (by weight) (i.e. 32.5 +/-
0.7 wt%) hence an available amount of ammonia be-
tween 18.0% and 18.8%. The invention may also be ap-
plied to the urea/ammonium formate mixtures, also in
aqueous solution, sold under the trade name Denox-
ium™ and of which one of the compositions (Denoxium-
30) contains an equivalent amount of ammonia to that of
the Adblue® solution. The latter have the advantage of
only freezing from -30°C onwards (as opposed to -11°C),
but have the disadvantages of corrosion problems linked
to the possible release of formic acid and a less available
market (whereas urea is widely used and readily availa-
ble even in fields such as agriculture). The present in-
vention is particularly advantageous in the context of eu-
tectic water/urea solutions.
[0022] In one variant of the invention, the pump inten-
tionally meters too great an amount of liquid, the excess
of which is returned to the tank, for example using a return
(or bypass) line equipped with a calibrated valve or a
calibrated orifice. When the urea is injected into the ex-
haust gases of an engine, this variant makes it possible
to cool the pump. Alternatively, the return line may start
from the injector and it then makes it possible to cool said
injector.
[0023] In another variant of the invention, the feed line
is purged after each use of the pump (just before it is shut
down) in order to reduce the starting time of the system
and avoid prematurely damaging the lines (as the urea
solutions expand when it freezes). The purge may be
carried out, for example, by reversing the rotational di-
rection of the pump just for the time necessary to convey
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the liquid contained in the feed line back to the tank.
[0024] As regards the return line, if present, it generally
has a relatively low volume and therefore, if it is heated,
it should not be purged while the pump is stopped. There-
fore, to prevent the liquid from going round in circles in
the loop defined by the feed line and the return line during
the purge when this is carried out by reversing the rota-
tional direction of the pump, it is advantageous to equip
the return line with a non-return valve.
[0025] According to the invention, the diagnosis of the
injector is carried out without disrupting the normal op-
eration of the SCR system, i.e. the system constantly
responds to a signal (generally transmitted by the on-
board computer and/or the engine control unit (or ECU)
and/or an electronic module (ECM) specific to the SCR
system that has an interface with the ECU) including in-
formation relating to the amount of liquid that it is neces-
sary to inject into the exhaust gases for controlling the
pollution thereof and it is not necessary to initiate a test
sequence which could significantly disrupt this operation.
[0026] According to a first variant of the invention, in
order to do this, use is made of the continuous measure-
ment of the pressure or of another parameter linked to
the energy transmitted by the motor to the pump. De-
pending on the type of pump and the regulation thereof,
this parameter may be the rotational speed (for a rotary
pump), the frequency (for a reciprocating pump), the cur-
rent, the voltage, etc. Generally, in the case of a rotary
pump, use is made of the continuous measurement of
the pressure or of the speed (depending on whether the
pump is speed regulated or pressure regulated respec-
tively), which measurement the controller must in any
case carry out as an integral part of the control process
(which will be described in greater detail below) and spe-
cific portions of this measurement are compared with
equivalent portions stored in a memory. Preferably, in
order to process the information rapidly, this memory is
located in the ECM of the SCR system, which commu-
nicates with the ECU as explained above. But it should
be noted that this parameter depends on the architecture
of the SCR system (which may or may not have a specific
ECM).
[0027] According to this variant of the invention, the
controller measures the noise of the motor control ener-
gy, namely: it calculates the difference between the av-
erage of the maxima and the average of the minima of
the measurement in question (pressure, speed, current,
etc.) for operation at a given DC of the PWM control signal
of the pump, compares this value with an average value
stored previously in the memory (and which is charac-
teristic of a given DC) and deduces the condition of the
injector therefrom.
[0028] The term "DC" is understood to mean the duty
cycle of the PWM signal, which is expressed in practice
by the opening ratio (time) of the injector over a given
period. Thus, a DC of 0% corresponds to a fully closed
injector and a DC of 100% to a fully open injector.
[0029] According to a second variant of the invention,

the controller measures the average value of the speed
(if the pump is pressure regulated) or of the pressure (if
the pump is speed regulated) under given operating con-
ditions, also compares this value with an average value
stored previously in the memory (and which is charac-
teristic of a given DC) and deduces the condition of the
injector therefrom.
[0030] In order to be free from the influence of temper-
ature, tolerances linked to the various types of pumps,
etc., in a preferred subvariant, the controller firstly meas-
ures the average speed (or pressure) at a given DC (for
example 0) and for a given setpoint pressure (or speed);
next, it measures the variation of average speed (or of
average pressure) obtained by opening the injector at a
given metering rate, preferably by imposing thereon a
PWM signal with a DC of greater than or equal to 15%
(50% for example); and finally, it compares this value
with an average value stored beforehand in the memory
and deduces the condition of the injector therefrom.
[0031] This variant therefore clearly involves the initi-
ation of a specific test sequence, but given that it is of
short duration (typically of the order of a few seconds for
systems working at a frequency of the order of Hz), it
does not significantly disrupt the operation of the system
in normal mode. Moreover, the computer may ensure
that the over-injection carried out during the test se-
quence is compensated for by adapting (reducing relative
to the calculated value) the amount of additive injected
in the seconds following the latter so as to ultimately inject
the required (calculated) amount over a given period en-
compassing the test sequence and the period of com-
pensation.
[0032] The reference values mentioned above may be
the same during the entire service life of the SCR system.
Alternatively, they may be recalculated at a given fre-
quency so as to have a reference that adapts to the
change (ageing) of the system and that takes into account
external perturbations introduced into the system
(change in the surrounding temperature, change in alti-
tude, etc.).
[0033] In one variant of the invention (that with pres-
sure control), the controller is connected to a pressure
sensor and it compares, in a loop, the pressure setpoint
value with the value measured by the sensor and con-
sequently acts on the rotational speed of the motor (or
another parameter linked to the latter such as the voltage,
the current, etc.) in order to attempt to stabilize the pres-
sure at the setpoint value. Preferably, this sensor is lo-
cated before the return (bypass) line, where necessary.
[0034] Generally, this is done using a pressure regu-
lator which carries out the comparison between the set-
point pressure and the pressure measured (or estimated
from other operating parameters of the system) and gen-
erates an error signal for the motor rotational speed con-
troller.
[0035] In this variant, the regulator may be of any
known type, but it is preferably of PI(D) (Proportional In-
tegral Derivative type (the latter being optional)).
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[0036] As regards the pressure sensor, it is preferably
integrated with the pump, that is to say that it may be
attached to the pump by any known attachment means.
[0037] In another variant of the invention (that with
speed control), the controller is connected to a speed
sensor and/or it estimates (calculates) the speed and it
compares, in a loop, the speed setpoint value with the
value measured/estimated by the sensor and conse-
quently acts to minimize the difference between the two.
This variant is suitable for systems that have a separate
pressure regulation, or that make it possible to adapter
the opening time of the injector to the actual pressure
delivered by the pump.
[0038] In a preferred embodiment of the invention, after
an "injector clogged" diagnosis has been performed, the
result thereof is validated. This can be done easily by
checking if the pressure and speed are in the normal
range of operation. It is namely so that for instance, in
case of loss of fluid, when in pressure regulation mode,
the pump speed will increase until saturation (max.
speed), which phenomenon can easily be detected. Also,
in the first injection cycles after priming the pump, speed
peaks can be observed, which should be disregarded
because not linked to an "injector clogged" situation but
to the fact that air may still be present in the system.
[0039] It should be noted that all the variants described
above may be used separately or in combination.
[0040] The present invention is illustrated, in a non lim-
itative way, by the appended Figures 1 to 5. Figure 1
depicts an SCR system to which the present invention
may be applied; Figure 2 gives the result of measure-
ments illustrating the fluctuations and changes in pres-
sure/speed that are at the key of a method according to
the first variant of the invention; Figures 3 to 5 illustrate
a method according to the second variant of the invention,
namely based on the change in the average speed of the
pump when the injector is opened at a given DC.
[0041] Figure 1 illustrates an SCR system to which the
present invention may be applied and which comprises
the following components:

1: urea tank
2: gauge (level sensor)
3: heating element
4: filter
5: temperature sensor
6: current sensor for the heating element
7: pump
8: speed sensor
9: heating filament for the lines and pump heating
cartridge
10: pressure sensor
11: current sensor for the line heater
12: injector
13: non-return valve that prevents the liquid from go-
ing round in circles (in the loop created by the feed
line and that for return to the tank) during the purge
(when the pump rotates in reverse)

14: calibrated orifice (restriction) - used to set the
flow rate and to add resistance in order to increase
the pressure (by increasing pressure drops in the
return line)
15: ((BLDC) motor for driving the pump
16: non-return valve that enables the pressure at the
pump outlet to be regulated.

[0042] It is worth noting that with such a system, an
additional cause of error in the "injector clogged" diag-
nosis (than those reported above, namely: fluid loss and
priming conditions) exists, owed to the fact that the non-
return valve (13) can be blocked and unblocked, which
phenomenon again can be detected easily because the
pump speed will be below its normal value when the valve
is clogged. If this unblocking occurs during a diagnosis,
the speed will be higher after said diagnosis than during
it, so that again, the phenomenon can be detected. All
this again shows the advantage of dynamically measur-
ing the pressure/speed and analysing/comparing the
registered data with data stored in a memory, as in the
present invention.
[0043] Figure 2 illustrates the variation in speed asso-
ciated with progressive openings (increasing duty cycle)
of the injector for a constant pressure regulation (at 5
bar). On this graph, shown on the x-axis is the time (in
s) and on the y-axis, respectively, are the duty cycle (In-
jector Duty Cycle (%) or DC, smooth square peaks, the
scale for which is on the right of the figure), the pressure
or P (jagged top curve, the scale for which (in bar) is on
the far left) and the increases in speed or V (jagged peaks,
the scale for which (in rpm) is just beside that of the pres-
sure) recorded during a test campaign on a system sim-
ilar to that illustrated in Figure 1.
[0044] These tests proceeded as follows:

- the system was stabilized by regulating the pressure
at 5 bar (which was maintained during the sequence
of steps below) with a DC of 10%;

- the injector was closed and the speed was meas-
ured;

- the injector was then successively opened at 5, 10,
15, 20, 30, 50, 70 and 100% of DC, this being over
the times indicated in Figure 2 and closing the injec-
tor for a given time (also seen in the figure: 5s) be-
tween each different opening test of the injector (for
a time of 5 s also and at a frequency of 3.3 Hz).

[0045] These tests were carried out with an injector
having 3 injection orifices manufactured by BOSCH and
designed for an SCR system, respectively being "free"
(no orifice clogged, OHC or "Zero Holes Clogged"), hav-
ing 1 orifice clogged (1 HC or "Hole Clogged") and having
2 orifices clogged (2 HC).
[0046] The differences highlighted in the preamble of
the application between a clogged injector and an open
injector can be seen in Figure 2, namely that it can be
seen that, depending on the degree of obstruction of the
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injector, the speed fluctuations are different.
[0047] It is true that for a constant 100% DC (injector
kept open), the fluctuations/perturbations are of the same
order of magnitude for a clogged injector and for a "free"
injector, but such a DC is in fact generally used only in a
transient state and not over a long period. And since the
absolute levels (average values) of the speed are clearly
different in that case, these could be used should such
a prolonged operation nevertheless take place.
[0048] It is precisely on this difference in absolute lev-
els of the speed that the method according to the second
variant of the invention is based, which is illustrated in
Figures 3 to 5 that are based on measurements with an
injector of the same type as that described for Figure 2.
The measurement points that appear therein are in fact
averages of 7 measurements and these measurements
have not been filtered (smoothed). In these figures, the
units are identical to those listed below for Figure 3.
[0049] Figure 3 in fact illustrates the variability of the
measurements of the absolute value of the rotational
speed as a function of the type of pump and of the tem-
perature. The staircase plot is the change in DC (in %:
right-hand scale) as a function of the time (in s (seconds):
x-axis). The 3 bottom plots (1st series of measurements)
represent the change in the speed of a pump of a first
type (low speed) at -8°C with respectively the 3 orifices
of the injector open (upper plot), 1 orifice clogged (inter-
mediate plot) and two orifices clogged (lower plot); and
the three plots just above are the equivalent of the pre-
ceding plots but respectively at temperatures of 20°C and
60°C; and the upper 2 series of plots are the equivalent
of the lower 2 series but for a pump at higher speed (there-
fore each time, with the injector open, with 1 orifice
clogged, then 2, at -8°C for the 1st series and at 20 and
60°C for the upper series).
[0050] It should be noted that for the measurements
with the injector open, the variation of DC was different
to that illustrated as shown by discontinuities in certain
plots (series 1 and 3 starting from the bottom).
[0051] This figure is behind the idea of taking a refer-
ence measurement (average speed, injector closed (DC
= 0%) i.e. the speed measured at the start of each plot,
as a point of comparison for the change in speed under
given conditions, when the injector is opened at a given
DC.
[0052] The validity of this method was demonstrated
with 4 different pumps, for DCs of 10, 20, 50, 70 and
100%, and at 3 different temperatures, as shown in Fig-
ure 4, where it can be seen that by proceeding in this
way (i.e. for each pump and each temperature, by meas-
uring the speed with injector closed for a control point at
5 bar, by putting this reference at zero y-axis and by
measuring the variation in speed associated with each
DC of the staircase curve (right-hand side y-axis)), 36
plots are clearly obtained that are superposed grosso
modo in three groups (the one on the far left having to
be excluded since it resulted from a change in DC differ-
ent to that illustrated by the staircase curve, just to confirm

the repeatability of the measurement with another pro-
file): the one from the top relating to "injector open" situ-
ations, the one from the middle relating to "injector with
one orifice clogged" situations and the one from the bot-
tom relating to "injector with two orifices clogged" situa-
tions.
[0053] Figure 5 illustrates an actual case of a test se-
quence (DC on the y-axis on the far left scale, pressure
on the y-axis on the neighbouring scale, rotational speed
on the y-axis on the right-hand scale and time on the x-
axis). As in the other figures, the staircase plot corre-
sponds to the variation of DC. As regards the associated
changes in the pressure and in the speed, they appear
respectively in the top curve and in the bottom curve.
This graph is specific to a system where the control fre-
quency of the injector is 3.3 Hz (and therefore, for which,
in practice, it is necessary to wait a maximum of 1/3 s,
i.e. 300 ms, to change the DC of the injector) and that of
sending information to the controller is 10 Hz (therefore,
in practice, 7/10 s, i.e. 700 ms, are required to send the
7 measurements needed for the calculation to the proc-
essor integrated into the controller). It can be seen in this
graph that, in addition, 500 to 750 ms are required in
order for the system to be stabilized.
[0054] Hence, for this system, one test sequence that
is suitable and that includes sufficient safety margins
while being rapid, is the following: 0. stabilization of the
system at 5 bar, injector closed

1. calculation of the average speed (average of 7
measurement points), injector closed for one second
2. change in DC sent to the injector and wait until
the system is stabilized at the new value, also for
one second
3. calculation of the new average speed and of the
variation in average speed with respect to the injector
closed situation, again for around one second also.

[0055] Therefore, it is thus possible to diagnose the
injector with a test sequence of 3 s, during which, in the
example illustrated, injection was performed at 100% of
DC for around 2 s. The computer can therefore, in one
preferred operating mode, calculate the amount of addi-
tive that was injected in excess relative to the amount
required for normal operation, and correct this excess
over the following seconds by reducing the amount in-
jected until the (calculated operating) setpoint value is
reached over a pre-established period.

Claims

1. Method for detecting whether an injector with a valve
controlled by a PWM signal of an SCR system is at
least partially clogged, said system comprising a
pump driven by a motor and the pressure of which
is controlled by a controller that continuously meas-
ures the pressure and/or another parameter charac-
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teristic of the energy transmitted by the motor to the
pump, according to which, during normal operation
of the SCR system, specific portions of one of these
measurements are compared with equivalent por-
tions stored in a memory.

2. Method according to the preceding claim, according
to which the controller compares the profile of the
perturbations/fluctuations of the pressure or of the
parameter characteristic of the energy transmitted
by the motor to the pump with reference profiles
stored in a memory and deduces the condition of the
injector therefrom.

3. Method according to Claim 1, according to which the
controller measures the average value of the speed
(if the pump is pressure regulated) or of the pressure
(if the pump is speed regulated) under given oper-
ating conditions, compares this value with an aver-
age value stored previously in the memory and de-
duces the condition of the injector therefrom.

4. Method according to the preceding claim, according
to which the controller first measures the average
speed (or the pressure) with a closed injector and
for a given setpoint pressure (or speed); next, it
measures the increase in speed (or in pressure) ob-
tained by opening the injector at a given metering
rate; and finally, it compares this value with an av-
erage value stored previously in the memory and
deduces the condition of the injector therefrom.

5. Method according to any one of the preceding
claims, in which the valve of the injector is an elec-
tromagnetic valve.

6. Method according to any one of the preceding
claims, in which the pump is a rotary pump and the
parameter characteristic of the energy transmitted
by the motor to the pump is the rotational speed of
the pump.

7. Method according to the preceding claim, in which
the pump is a gear pump.

8. Method according to any one of the preceding
claims, according to which an ECM (Electronic Con-
trol Module) sends, to the pump controller, a PWM
(Pulse Width Modulation) control signal having a du-
ty cycle (or DC) that varies as a function of the desired
operating conditions for the pump and according to
which the controller acts on the motor to apply said
operating conditions to the pump.

9. Method according to any one of the preceding
claims, in which the memory is present in an ECM
specific to the SCR system.

10. Method according to any one of the preceding
claims, in which the values in the memory are recal-
culated at a given frequency so as to have a refer-
ence that adapts to the change (ageing) of the sys-
tem.

11. Method according to any one of the preceding
claims, in which the pump is pressure controlled, the
controller being connected to a pressure sensor in-
tegrated into the pump and/or estimating the pres-
sure from other operating parameters of the system.

12. Method according to any one of Claims 1 to 10, ac-
cording to which the pump is speed controlled, the
controller being connected to a speed sensor and/or
estimating the speed from other operating parame-
ters of the system, and according to which either the
SCR system has a separate (independent) pressure
regulation, or it makes it possible to adapt the open-
ing time of the injector to the actual pressure deliv-
ered by the pump.

Patentansprüche

1. Verfahren zum Erkennen, ob ein Injektor mit einem
Ventil, das von einem PWM-Signal eines SCR-Sys-
tems geregelt wird, mindestens teilweise verstopft
ist, wobei das System eine von einem Motor ange-
triebene Pumpe umfasst, deren Druck von einem
Regler geregelt wird, der den Druck und/oder einen
anderen für die von dem Motor an die Pumpe über-
tragene Energie charakteristischen Parameter kon-
tinuierlich misst, gemäß dem während des normalen
Betriebs des SCR-Systems bestimmte Abschnitte
von einer dieser Messungen mit in einem Speicher
gespeicherten äquivalenten Abschnitten verglichen
werden.

2. Verfahren gemäß dem vorangehenden Anspruch,
gemäß dem der Regler das Profil der Störun-
gen/Schwankungen des Drucks oder des für die von
dem Motor zur Pumpe übertragene Energie charak-
teristischen Parameters mit in einem Speicher ge-
speicherten Bezugsprofilen vergleicht und den Zu-
stand des Injektors daraus folgert.

3. Verfahren gemäß Anspruch 1, gemäß dem der Reg-
ler den Durchschnittswert der Drehzahl (wenn die
Pumpe druckreguliert ist) oder des Drucks (wenn die
Pumpe drehzahlreguliert ist) bei gegebenen Be-
triebsbedingungen misst, diesen Wert mit einem zu-
vor in dem Speicher gespeicherten Durchschnitts-
wert vergleicht und den Zustand des Injektors daraus
folgert.

4. Verfahren gemäß dem vorangehenden Anspruch,
gemäß dem der Regler zuerst die Durchschnitts-
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drehzahl (oder den Druck) bei geschlossenem Injek-
tor und bei einem gegebenen Solldruck (bzw. einer
gegebenen Solldrehzahl) misst; er als nächstes die
Zunahme der Drehzahl (bzw. des Drucks) misst, die
durch Öffnen des Injektors bei einer gegebenen
Durchflussgeschwindigkeit erhalten wird; und er
schließlich diesen Wert mit einem zuvor im Speicher
gespeicherten Durchschnittswert vergleicht und den
Zustand des Injektors daraus folgert.

5. Verfahren gemäß einem der vorangehenden An-
sprüche, wobei es sich bei dem Ventil des Injektors
um ein Elektromagnetventil handelt.

6. Verfahren gemäß einem der vorangehenden An-
sprüche, wobei es sich bei der Pumpe um eine Krei-
selpumpe handelt und es sich bei dem für die von
dem Motor zu der Pumpe übertragenen Energie cha-
rakteristischen Parameter um die Drehzahl der Pum-
pe handelt.

7. Verfahren gemäß dem vorangehenden Anspruch,
wobei es sich bei der Pumpe um eine Zahnradpum-
pe handelt.

8. Verfahren gemäß einem der vorangehenden An-
sprüche, gemäß dem ein ESG (elektronisches Steu-
ergerät) ein PWM(Pulsweitenmodulations)-Regelsi-
gnal mit einem Tastverhältnis zu dem Pumpenregler
schickt, das sich als eine Funktion der gewünschten
Betriebsbedingungen für die Pumpe ändert und ge-
mäß dem der Regler auf den Motor einwirkt, um die
Betriebsbedingungen auf die Pumpe anzuwenden.

9. Verfahren gemäß einem der vorangehenden An-
sprüche, wobei der Speicher in einem für das SCR-
System spezifischen ESG vorhanden ist.

10. Verfahren gemäß einem der vorangehenden An-
sprüche, wobei die Werte in dem Speicher mit ge-
gebener Häufigkeit neu berechnet werden, damit ein
Bezug vorliegt, der sich an die Veränderung (Alte-
rung) des Systems anpasst.

11. Verfahren gemäß einem der vorangehenden An-
sprüche, wobei die Pumpe druckgeregelt ist, wobei
der Regler mit einem in der Pumpe eingebauten
Drucksensor verbunden ist und/oder den Druck an-
hand anderer Betriebsbedingungen des Systems
abschätzt.

12. Verfahren gemäß einem der Ansprüche 1 bis 10,
gemäß dem die Pumpe drehzahlgeregelt ist, wobei
der Regler mit einem Drehzahlsensor verbunden ist
und/oder die Drehzahl anhand anderer Betriebsbe-
dingungen des Systems abschätzt und gemäß dem
entweder das SCR-System eine getrennte (unab-
hängige) Druckregulierung aufweist oder es möglich

macht, die Öffnungsdauer des Injektors an den von
der Pumpe geförderten Istdruck anzupassen.

Revendications

1. Procédé destiné à détecter si un injecteur ayant un
clapet commandé par un signal PWM d’un système
SCR est au moins partiellement bouché, ledit systè-
me comportant une pompe entraînée par un moteur
et dont la pression est commandée par un système
de commande qui mesure en continu la pression
et/ou une autre caractéristique de paramètre de
l’énergie transmise par le moteur à la pompe, pro-
cédé selon lequel, pendant le fonctionnement nor-
mal du système SCR, des parties spécifiques de
l’une de ces mesures sont comparées avec des par-
ties équivalentes stockées dans une mémoire.

2. Procédé selon la revendication précédente, selon
lequel le système de commande compare le profil
des perturbations/fluctuations de la pression ou de
la caractéristique de paramètre de l’énergie trans-
mise par le moteur à la pompe, avec des profils de
référence stockés dans une mémoire et déduit l’état
de l’injecteur à partir de ceux-ci.

3. Procédé selon la revendication 1, selon lequel le sys-
tème de commande mesure la valeur moyenne de
la vitesse (si la pompe est régulée en pression) ou
de la pression (si la pompe est régulée en vitesse)
sous des conditions de fonctionnement données,
compare cette valeur avec une valeur moyenne pré-
cédemment stockée dans la mémoire et déduit l’état
de l’injecteur à partir de celle-ci.

4. Procédé selon la revendication précédente, selon
lequel le système de commande mesure d’abord la
vitesse (ou la pression) moyenne avec un injecteur
fermé et pour une pression (ou une vitesse) de con-
signe donnée, puis il mesure l’augmentation de vi-
tesse (ou de pression) obtenue en ouvrant l’injecteur
à un débit de dosage donné, et il compare enfin cette
valeur avec une valeur moyenne précédemment
stockée dans la mémoire et déduit l’état de l’injecteur
à partir de celles-ci.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le clapet de l’injecteur est
un clapet électromagnétique.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la pompe est une pompe
rotative et la caractéristique de paramètre de l’éner-
gie transmise par le moteur à la pompe est la vitesse
de rotation de la pompe.

7. Procédé selon la revendication précédente, dans le-
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quel la pompe est une pompe à engrenages.

8. Procédé selon l’une quelconque des revendications
précédentes, selon lequel une unité de contrôle élec-
tronique (ECM) envoie, au système de commande
de la pompe, un signal de commande de modulation
de largeur d’impulsion (PWM) ayant un cycle de ser-
vice (DC) qui varie en fonction des conditions de
fonctionnement voulues pour la pompe et suivant
lequel le système de commande agit sur le moteur
pour appliquer lesdites conditions de fonctionne-
ment à la pompe.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la mémoire est présente
dans une ECM spécifique au système SCR.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les valeurs dans la mémoi-
re sont recalculées à une fréquence donnée de ma-
nière à avoir une référence qui s’adapte au change-
ment (vieillissement) du système.

11. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la pompe est commandée
en pression, le système de commande étant relié à
un capteur de pression intégré dans la pompe et/ou
estimant la pression à partir d’autres paramètres de
fonctionnement du système.

12. Procédé selon l’une quelconque des revendications
1 à 10, selon lequel la pompe est régulée en vitesse,
le système de commande étant relié à un capteur
de vitesse et/ou estimant la vitesse à partir d’autres
paramètres de fonctionnement du système, et en
fonction duquel soit le système SCR a une régulation
de pression (indépendante) séparée, soit il permet
d’adapter la durée d’ouverture de l’injecteur à la
pression réelle délivrée par la pompe.
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