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(57) Abstract: The present invention relates to a method
for restricting work produced by combustion in a combus-
tion chamber (101), wherein an aftertreatment system
(130) is arranged for reduction of at least one substance
(NOx) resulting from said combustion, wherein the work
produced by said combustion is restricted when there is a
malfunction regarding reduction of said at least one sub-
stance (NOx). The method includes: - performing a first
evaluation regarding the reduction of said at least one sub-
stance (NOXx), - when said first evaluation indicates a mal-
function, performing a second evaluation regarding the re-
duction of said at least one substance (NOx), said second
evaluation being ditferent from said first evaluation, and -
restricting work produced by said combustion only when a
malfunction regarding reduction of said at least one sub-
stance (NOx) is indicated also by said second evaluation.
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METHOD FOR RESTRICTING WORK PRODUCED BY A COMBUSTION
ENGINE

Field of the invention

The present invention relates to combustion processes, and in
particular to a method and system for diagnosing an
aftertreatment system for treating exhaust gases resulting
from combustion. The present invention also relates to a
vehicle, as well as a computer program and a computer program

product that implement the method according to the invention.
Background of the invention

With regard to vehicles in general, and at least to some
extent heavy/commercial vehicles such as trucks, buses and the
like, there is constantly ongoing research and development
with regard to increasing fuel efficiency and reducing exhaust

emissions.

This is often at least partly due to growing governmental
concern in pollution and air gquality, e.g. in urban areas,
which has also led to the adoption of various emission

standards and rules in many jurisdictions.

These emission standards often consist of requirements that
define acceptable limits for exhaust emissions of vehicles
being provided with combustion engines. For example, the
exhaust levels of e.g. nitric oxides (NOx), hydrocarbons (HC),
carbon monoxide (CO) and particles are regulated for most

kinds of wvehicles in these standards.

The undesired emission of substances can be reduced by
reducing fuel consumption and/or through the use of
aftertreatment (purifying) of the exhaust gases that results

from the combustion process.

Exhaust gases from the combustion engine can, for example be

treated through the use of a so-called catalytic process.
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There exist various kinds of catalytic converters, where
different types can be used for different kinds of fuel and/or
for treatment of different kinds of substances occurring in
the exhaust gas stream. With regard to at least nitric oxides
NOx (such as, for example, nitric oxide NO and nitric dioxide
NO2, respectively) heavy vehicles often comprises a method
where an additive is supplied to the exhaust gas stream. The
additive 1is supplied in order to, usually through the use of a
catalytic converter, reduce the presence of nitric oxides NOx
to less pollutive substances {(mainly nitrogen and water

vapour) .

One common kind of catalytic converter that is used in NOx
reduction, where an additive, oftentimes urea based, is added
to the exhaust gas stream, 1is Selective Catalytic Reduction

(SCR) catalytic converters.

In the supplying of an additive it is essential that the
amount of additive that is supplied to the exhaust gas stream
is not too great or too small. Consequently, it is desirable
that the supplied amount of additive corresponds to an
expected amount of additive. Further, with regard to the
reduction it is also important that the additive consists of

an additive of an expected kind.

The chemical composition of an additive can be evaluated, for
example, through the use of a quality sensor. When the quality
sensor indicates a deviating quality of the additive, and/or
broken sensor, regulations may require that vehicle
performance restrictive measures are being taken. That is, the
driver 1s induced to ensure that additive of appropriate

quality and amount is supplied to the exhaust gas stream.
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Summary of the invention

It 1is an object of the present invention to provide a method
and system that reduces the occurrence of unduly restrictions
of vehicle performance due to irregularities in the operation
of an aftertreatment system. This object is achieved by a

method according to claim 1.

According to the present invention, it is provided a method
for restricting work produced by combustion in a combustion
chamber, wherein an aftertreatment system is arranged for
reduction of at least one substance resulting from said
combustion, wherein the work produced by said combustion is
restricted when there is a malfunction regarding reduction of

salid at least one substance. The method includes:

- performing a first evaluation regarding the reduction of

salid at least one substance,

- when said first evaluation indicates a malfunction,
performing a second evaluation regarding the reduction of said
at least one substance, said second evaluation being different

from said first evaluation, and

- restricting work produced by said combustion only when a
malfunction regarding reduction of said at least one substance

is indicated also by said second evaluation.

As was mentioned above, the presence of at least some
substances (as 1s explained below, in the present description
and claims, the term substance includes compounds as well) in
an exhaust gas stream resulting from combustion can be reduced
through the supply of an additive to the exhaust gas stream.
The additive then reacts with one or more of the substances
occurring in the exhaust gas stream to thereby form less

hazardous substances.
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For example, the supply of additive can be used to reduce the
concentration of nitric oxides NOyx or other substances in the
exhaust gases from combustion. It is, however, important that
the additive is supplied to the exhaust gas stream in a
proportion that corresponds to the presence of the one or more
substances/compositions that is to be reduced in order to
achieve the desired effect. It is also important that the
additive is of a kind that is capable of performing the
desired reduction. If a wrong kind of additive, and/or if the
supplied amount of additive is too small in relation to the
presence of the substance/composition to be reduced, there is
a major risk that an undesired surplus of the substance will
still remain after the reduction and be emitted into the

surroundings.

Conversely, if the amount of additive being supplied to the
exhaust gas stream is high in relation to the at least one
substance/composition to be reduced, the supply of additive
may cause a surplus of other undesired substances instead. For
example, with regard to NOx reduction using urea based
additive, a surplus of ammonium may be emitted into the
surroundings. Ammonium is classified as a hazardous substance,

and emissions of ammonium are also often regulated.

With regard to the additive the required supply, and hence
consumption, can be relatively high in order to obtain the
desired reduction. For this reason the cost for the
consumption of additive, e.g. when used in a commercial
vehicle, may have a significant impact on the vehicle economy.
This may give rise to temptations to replace relatively
expensive additive with less expensive liquids such as e.g.
water. The use of such alternative liquids will, almost
certainly, have a detrimental effect on the reduction of the

exhaust emissions.
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Therefore, in order to ensure that an additive of a desired
quality and amount is provided to the exhaust gas stream, and
to avoid replacement of additive with less suitable, but
economically more favourable, alternatives, there are,
presently and/or upcoming, at least in some jurisdictions
requirements regarding onboard diagnostics (OBD). That is, the
vehicle is required to be able to detect deviations with
regard to quality of the additive and its supply during

vehicle operation.

For example, in at least some jurisdictions it is, or will be,
required that the vehicle is capable of evaluating,
diagnosing, a property of the additive directly, such as e.qg.
chemical composition. This can be achieved, for example
through the use of suitable sensor means, such as e.g. a
gquality sensor, which can be arranged in the tank containing
the additive, in the following referred to as dosing tank. By
means of the quality sensor the chemical composition of the

additive can be evaluated.

Further, in case a malfunction with regard to the reduction of
the substance to be reduced is detected, the vehicle control
system will be required to take restrictive measures regarding
e.g. vehicle performance, oftentimes in terms of limiting the
work produced by combustion. Restrictive measures of this kind
are often arranged to be effected only after some time has
lapsed. For example, the vehicle control system may be
arranged to reduce available power and/or maximum allowed
vehicle speed some suitable number of hours after the
detection of a malfunction, the time limit given e.g. to allow
the vehicle to return home for service. Restrictive measures
of this kind, consequently, provide the driver/owner with an
inducement to use additive of an appropriate kind. For

example, a malfunction with regard to the reduction may be
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considered to be present if the chemical composition of the
additive deviates from accepted compositions, and/or if it is

determined that the quality sensor is not working properly.

Consequently, the vehicle will, in general, be required to be
taken to a repair shop for service to avoid undesired effects
of the restrictive measures. However, if a detected
malfunction in reality turns out to be erroneous, e.g. if the
quality sensor is in fact operating properly, or if the
quality of the additive in reality is acceptable, restrictive
measures according to the above may lead to costs and vehicle

downtime that are uncalled for.

The present invention provides a method for reducing the
occurrence of restricted vehicle performance due to a negative
diagnostic evaluation in situations when the reduction is in

fact working properly.

According to the invention, this is accomplished by diagnosing
reduction in the aftertreatment system using at least two
evaluations. When one of these two evaluations indicates an
occurrence of a malfunction it is required that also the other
of said two evaluations indicates a malfunction in order to

take restrictive measures according to the above.

For example, when the reduction in the aftertreatment system
involves the supply of additive, at least two evaluations are
performed with regard to the reduction, and restrictive
measures are only taken when both of these evaluations
indicate that the reduction is not working properly. In this
way, situations where restrictive measures are taken e.g. due

to a faulty sensor can be avoided.

According to one embodiment, the first evaluation involves an
evaluation of the supply of additive using a quality sensor,

where the quality sensor is arranged to diagnose at least one
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property with regard to said additive, such as e.g. the
chemical composition. If it is determined that the evaluation
using the gquality sensor indicates a malfunction, restrictive
measures are not initiated as in the prior art. That is, it is
not sufficient that the quality sensor is not working
properly, or indicates poor quality of the additive to
initiate restrictive measures. Instead, it is required that at
least one second evaluation also indicates a malfunction with
regard to the reduction. For example, the reduction can be
estimated using a sensor such as e.g. a NOx sensor measuring
the presence of the substance to be reduced. Consequently,
contrary to the prior art, the present invention does not
automatically initiate restrictions only because the quality
sensor indicates a malfunction, but it is also required that a
second evaluation of the reduction indicates a malfunction

regarding the reduction.

Further characteristics of the present invention and
advantages thereof are indicated in the detailed description
of exemplary embodiments set out below and the attached

drawings.
Brief description of the drawings

Fig. 1A illustrates a power train of an exemplary vehicle in

which the present invention advantageously can be utilized;

Fig. 1B illustrates an example of a control unit in a vehicle

control system;

Fig. 2 i1illustrates an example of an aftertreatment system
where a supply of additive is utilized and with which the

present invention advantageously can be utilized.

Fig. 3 i1illustrates an exemplary method according to one

embodiment of the present invention.
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Detailed description of exemplary embodiments

In the following detailed description the present invention

will be exemplified for a vehicle. The invention is, however,
applicable also in other kinds of transportation means, such
as air and water crafts. The invention is also applicable in

fixed installations.

Furthermore, the concept of the present invention is not
limited to the supply of additive, but is applicable for any
kind of reduction in an aftertreatment system, e.g. using any
kind of catalytic converter. Consequently, the invention is
applicable also for reductions that do not involve the supply
of an additive. Further, the present invention is exemplified
below for a urea based additive for reduction of nitric
oxides. The present invention is, however, applicable for any
kind of suitable additive, where the additive can be arranged
for reduction of any substance/compound, and hence not

necessarily nitric oxides.

Further, 1in the present description and the appended claims
the expression “substance” is defined to include chemical

compounds as well as mixtures.

Fig. 1A schematically depicts a power train of an exemplary
vehicle 100. The power train comprises a power source, 1n the
present example a combustion engine 101, which, in a
conventional manner, is connected via an output shaft of the
combustion engine 101, normally via a flywheel 102, to a
gearbox 103 via a clutch 106. An output shaft 107 from the
gearbox 103 propels drive wheels 113, 114 via a final drive
108, such as a common differential, and drive axles 104, 105

connected to said final drive 108.

The combustion engine 101 is controlled by the vehicle control

system via a control unit 115. The clutch 106 and gearbox 103
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are also controlled by the vehicle control system by means of

a control unit 116.

Fig. 1A, consequently, discloses a powertrain of a specific
kind, but the invention is applicable in any kind of power
trained and also e.g. in hybrid vehicles. The disclosed
vehicle further comprises an aftertreatment system 130 for
aftertreatment (purifying) of exhaust gases that results from
combustion in the combustion engine 101. The functions of
aftertreatment system 130 are controlled by means of a control

unit 131.

The aftertreatment system 130 can be of various kinds and
designs, and according to the disclosed embodiment an additive
is supplied to the exhaust gas stream. An example of an
aftertreatment system 130 in which the present invention can
be utilized is shown more in detail in figure 2, and in the
disclosed exemplary embodiment the aftertreatment system 130
comprises a selective catalytic reduction (SCR) catalytic
converter 201. The aftertreatment system can also comprise
further non—disclosed components, such as, for example,
further catalytic converters and/or particle filters which can
be arranged upstream or downstream the SCR catalytic converter

201.

The supply of additive can, according to the above, for
example be used in the reduction of the concentration of
nitric oxides NOx in the exhausts from the combustion engine

through the use of an SCR catalytic converter.

This additive can, as according to the disclosed embodiment,
for example be a urea based additive and e.g. consist of
AdBlue which constitutes a frequently used additive and which
consists of a mixture of approximately 32.5% urea dissolved in

water. Urea forms ammonium when heated, which then reacts with
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nitric oxides NOx in the exhaust gas stream. The present
invention is applicable when using AdBlue, as well as when
using any other urea based additive. As was mentioned above,
the invention is also applicable when using any kind of
additive and irrespective of the substance in the exhaust gas

stream that the additive is arranged to reduce.

Apart from said catalytic converter 201, Fig. 2 further
discloses a urea dosing system (UDS), which comprises a urea,
or dosing, tank 202, which is connected to an injection nozzle
205 through the use of which additive is injected into the
exhaust gas stream 119. The dosing of urea is controlled by a
UDS control unit 204, which generates control signals for
controlling the supply of additive so that a desired amount is
injected into the exhaust gas stream 119 from the tank 202
using the injection nozzle 205. An armature 210 is arranged in
the tank 202 and comprises a quality sensor 211 for diagnosing

the supply of additive.

Dosing systems for the supply of additive are in general well
described in the prior art, and the precise manner in which
the supply of additive is dosed/performed is therefore not
described in detail herein. The present invention relates to a
method for reducing the occurrence of restrictions regarding
work produced by combustion, and this is accomplished
according to the present example by diagnosing the supply of
additive, where the diagnostics can be performed with regard
to the chemical composition of additive and/or actual
reduction of the substance to be reduced. Further/other tests
can also be arranged to be performed when diagnosing the

supply of additive.

Regquirements regarding onboard diagnostics (OBD) are becoming
increasingly stricter to ensure that vehicles fulfil e.qg.

legislated exhaust emission standards. Such requirements
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include the capability of diagnosing supply of additive during
vehicle operation. This can, for example, be accomplished by
estimating the conversion rate, i.e. reduction rate, of the
substance to be reduced, such as e.g. NOx. The conversion rate
can, for example be estimated by comparing a presence of NOx
upstream the supply of additive with the presence of NOx
downstream the SCR catalytic converter 201. In this way, it
can be determined whether a desired conversion, i.e.
reduction, 1s taking place and thereby whether the supply of
additive can be assumed to be performed in a desired manner.
The presence of NOx upstream the supply of additive and
downstream the catalytic converter 201, respectively, can, for
example, be determined through the use of NOx sensors 207, 208
(see fig. 2). The presence of NOx upstream the supply of
additive can also be determined e.g. by means of a model
representation, e.g. taking combustion engine operation

parameters into account as is known per se.

The supply of additive can also be more directly evaluated
e.g. by means of an analysis of the additive. This can be
accomplished, for example, through the use of the quality
sensor 211 being arranged in the dosing tank, where e.g. the

chemical composition of the additive can be analysed.

In addition to performing diagnostics, oftentimes there are,
or will be introduced, legislation that require the vehicle to
impose vehicle performance restrictions when diagnostics
indicate that the quality of the supply of additive deviates
from an approved quality. This can be accomplished, for
example, by reducing available power and/or maximum speed some
time after the malfunction is detected. However, since
restrictions of this kind may be associated with considerable
costs, it is desirable that restrictions are only imposed when

actual malfunctions are present.
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The present invention provides a method that reduces the risk
of situations arising where restrictions are imposed because a
fault is indicated, but where in reality no fault exist. An
exemplary method 300 of the present invention is shown in fig.
3, which method can be implemented at least partly e.g. in the
control unit 204 for controlling of the urea dosing system. As
indicated above, the functions of a vehicle are, in general,
controlled by a number of control units, and control systems
in vehicles of the disclosed kind generally comprise a
communication bus system consisting of one or more
communication buses for connecting a number of electronic
control units (ECUs), or controllers, to various components on
board the vehicle. Such a control system may comprise a large
number of control units, and the control of a specific

function may be divided between two or more of them.

For the sake of simplicity, Figs. 1A, 2 depicts only control
units 115-116, 130, 204, but vehicles 100 of the illustrated
kind are often provided with significantly more control units,
as one skilled in the art will appreciate. Control units 115-
116, 130, 204 are arranged to communicate with one another and
various components via said communication bus system and other

wiring, partly indicated by interconnecting lines in fig. 1A.

The present invention can be implemented in any suitable
control unit in the vehicle 100, and hence not necessarily in
the control unit 204. The diagnostics of the urea dosing
according to the present invention will usually depend on
signals being received from other control units and/or vehicle
components, and it is generally the case that control units of
the disclosed type are normally adapted to receive sensor
signals from various parts of the vehicle 100. The control
unit 204 will, for example, receive signals from e.g. quality

sensor 211 and/or NOx sensors 207, 208. Control units of the
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illustrated type are also usually adapted to deliver control
signals to various parts and components of the vehicle, e.g.
to the engine control unit or other suitable control unit when
tests indicate that performance of the vehicle should be

restricted.

Control of this kind is often accomplished by programmed
instructions. The programmed instructions typically consist of
a computer program which, when executed in a computer or
control unit, causes the computer/control unit to exercise the
desired control, such as method steps according to the present
invention. The computer program usually constitutes a part of
a computer program product, wherein said computer program
product comprises a suitable storage medium 121 (see Fig. IB)
with the computer program 126 stored on sald storage medium
121. The computer program can be stored in a non-volatile
manner on said storage medium. The digital storage medium 121
can, for example, consist of any of the group comprising: ROM
(Read-Only Memory), PROM (Programmable Read-Only Memory),
EPROM (Erasable PROM), Flash memory, EEPROM (Electrically
Erasable PROM), a hard disk unit etc, and be arranged in or in
connection with the control unit, whereupon the computer
program is executed by the control unit. The behaviour of the
vehicle in a specific situation can thus be adapted by

modifying the instructions of the computer program.

An exemplary control unit (the control unit 204) is shown
schematically in Fig. 1B, wherein the control unit can
comprise a processing unit 120, which can consist of, for
example, any suitable type of processor or microcomputer, such
as a circuit for digital signal processing (Digital Signal
Processor, DSP) or a circuit with a predetermined specific
function (Application Specific Integrated Circuit, ASIC). The

processing unit 120 is connected to a memory unit 121, which
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provides the processing unit 120, with e.g. the stored program
code 126 and/or the stored data that the processing unit 120
requires to be able to perform calculations. The processing
unit 120 is also arranged so as to store partial or final

results of calculations in the memory unit 121.

Furthermore, the control unit 204 is equipped with devices
122, 123, 124, 125 for receiving and transmitting input and
output signals, respectively. These input and output signals
can comprise waveforms, pulses or other attributes that the
devices 122, 125 for receiving input signals can detect as
information for processing by the processing unit 120. The
devices 123, 124 for transmitting output signals are arranged
so as to convert calculation results from the processing unit
120 into output signals for transfer to other parts of the
vehicle control system and/or the component (s) for which the
signals are intended. Each and every one of the connections to
the devices for receiving and transmitting respective input
and output signals can consist of one or more of a cable; a
data bus, such as a CAN bus (Controller Area Network bus), a
MOST bus (Media Oriented Systems Transport) or any other bus

configuration, or of a wireless connection.

Returning to the exemplary method 300 illustrated in fig. 3,
the method starts in step 301, where it is determined whether
the reduction of a substance, such as e.g. NOx, 1is to be
diagnosed. The method remains in step 301 for as long as this
is not the case. The method continues to step 302 when it is
determined that the reduction of a substance is to be
diagnosed. The transition from step 301 to step 302 can, for
example, be initiated according to various criteria. For
example, the diagnostics can be arranged to be performed at
regular intervals. Also, the diagnostics can be arranged to be

performed e.g. each time the combustion engine 101 is started
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and/or each time there is an indication that a refill of
additive has taken place. The transition can also be arranged
to be performed if there is an indication of malfunctioning

reduction of NOx.

In step 302 a first evaluation regarding the reduction of a
substance is initiated. This evaluation can, for example,
consist of any of the above described tests and according to
the exemplary embodiment a diagnostic of the supply of

additive using the gquality sensor 211 is performed.

In step 302 it is first determined whether it can be assumed
that the quality sensor 211 is working properly, or whether
the sensor 211 is assumed to be malfunctioning. This can, for
example, be determined by the magnitude of received sensor
signals, and/or presence or lack of sensor signals. When the
gquality sensor is determined to be working properly, the
method continues to step 303. When it is concluded that the
quality sensor 211 is not working properly, the method
continues to step 305, where a diagnostic trouble code (DTC)
with regard to the malfunctioning sensor is set. The method

then continues to step 306 according to the below.

When it is concluded in step 302 that the guality sensor 211
is assumed to be working properly the method continues to step
303 where the quality of the additive is evaluated based on
the sensor signals received from quality sensor 211. The
method then continues to step 304, where it is determined
whether this evaluation indicates that the supply of an
additive deviates from an expected supply in some aspect. For
example, the chemical composition of the additive can be
diagnosed in step 303. When it is determined in step 304 that
there is a deviation with regard to chemical composition, the

method continues to step 305. Otherwise the method is ended in
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step 311, since the reduction is considered to function

properly.

With regard to the determination of the chemical composition,
the quality sensor 211 can, for example, be arranged such that
the speed of sound in the additive is measured. This can be
accomplished by transmitting a signal towards a surface at a
known distance and measure the time it takes for the signal to
travel there and back. Quality sensors of this kind are known
in the art, and it is generally the case that the speed of
sound in a liquid changes with the composition of the ligquid.
This means that a determination of the speed of sound in the
liquid in the dosing tank can be used to evaluate the chemical
composition of the additive by comparing the obtained speed of
sound with an expected speed of sound, where a malfunction can
be assumed e.g. when the deviation from an expected value

exceeds some suitable limit.

Alternatively, or in addition, the speed of sound can be
stored in the vehicle control system for a number of different
concentrations/liquids, so that an obtained speed of sound can
be compared with stored wvalues and translated into a
corresponding concentration of e.g. urea, or assumed liquid.
When the comparison indicates use of a liquid that does not
fulfil set requirements, this can be used as an indication of
a malfunction. However, the deviation may be caused e.g. by
frozen additive in the tank, and hence the additive may be of
proper gquality also in situations where the sensor indicates

otherwise.

Consequently, a quality sensor, such as a urea quality sensor,
can be used to determine the quality of additive and thereby

diagnose of the supply of additive. If it is concluded in step
304 that the supply of additive is not working as required the

method continues to step 305. As was mentioned above, a
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diagnostic trouble code (DTC) can be set in step 305, in this
case indicating e.g. bad gquality of the additive. The causes
resulting in activated trouble codes in step 305 can then be
looked into e.g. the next time the vehicle is taken in for
service. At this stage, however, no restrictive measures are
being taken, and hence service must not necessarily be

performed within a certain time.

As was mentioned, when there is a deviation with regard to the
chemical composition, the method continues to step 306 for
further evaluation. That is, no restrictive measures with
regard to vehicle performance are taken solely based on the
evaluation performed in steps 302-304. Instead, a second

evaluation of the reduction is performed.

The second evaluation can, for example, be a determination of
the current conversion rate, or reduction rate, of the
substance to be reduced. According to the present example a
determination of the NOy reduction rate is performed. This can
be performed, for example, according to the above by
estimating the presence of NOx before and after the supply of
additive through the use of sensors 207, 208. These
estimations can be compared and a conversion rate be
calculated, which can then be compared with the assumed supply

of additive.

In step 306 it is first determined whether it can be assumed
that the NOx sensors 207, 208 are working properly, or whether
either or both of the sensors 207, 208 is/are assumed to be
malfunctioning. This can, for example, be determined by the
magnitude of received sensor signals, and/or presence or lack
of sensor signals. When both NOx sensors 207, 208 are
determined to be working properly, the method continues to
step 307. When it is concluded that at least one of the NOx

sensors 207, 208 is not working properly, the method continues
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to step 310. In step 310 an appropriate trouble code is
activated, and the method then continues to step 309 for
activating restrictive measures, since the second evaluation
of the reduction has not been capable of indicating otherwise

than the first evaluation.

As was mentioned above, the presence of NOx upstream the supply
of additive can be estimated through the use of any suitable
model of the combustion engine and e.g. the amount of fuel
that is provided to the combustion engine instead. In this
case, only the operation of NOx sensor 208 needs to be

determined in step 306.

If the NOx sensors {(or sensor) are determined to operate
properly, the NOx reduction is calculated/estimated in step
307. If it is determined that e.g. an estimated reduction rate
corresponds to an expected reduction rate to some suitable
extent e.g. based on an assumed supply of additive, step 308,
this constitutes an indication that the system is working
properly after all. That is, sensor signals being delivered by
the quality sensor 211 do not reflect an actual status of the
system operation. Therefore, in this case, no restrictive
measures are being taken, and the method is ended in step 311.
Diagnostic trouble codes according to the above may remain set

for later diagnostics.

If, on the other hand, it is determined in step 308 that the
estimated conversion rate does not correspond to an expected
conversion rate the method continues to step 309, where
further diagnostic error codes can be activated, e.g. with
regard to the NOx reduction. Restrictive measures are then
taken in step 309. These measures can, for example, be
arranged to follow the legislative rules that apply in the
region in which the vehicle presently is travelling. The

measures may constitute a restriction where the work produced
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by the combustion engine is limited, e.g. by restricting the
maximum available power and/or maximum vehicle speed. The
limitations may be arranged to be applied some suitable number
of hours after the error is detected to allow the vehicle to
be driven to a suitable service shop/return home. For example,
according to the European EURO VI legislation the restrictive
measures are such that actual limitation of combustion engine
work is started 20 hours after the restrictive measure is

taken. The method is then ended in step 311.

The present invention, consequently, provides a solution where
restrictive measures are not taken solely based on a single
evaluation but, instead, at least two evaluations indicating a
malfunction are required in order to actually take restrictive
measures. For as long as only one evaluation indicates a
malfunction this is duly noted by setting a suitable
diagnostic trouble code, and possibly store related data, but
no restrictions are applied. Consequently, e.g. a
malfunctioning quality sensor is not in itself sufficient to
take restrictive measures. At least one second indication of a
fault is required to initiate restrictions of vehicle

performance.

According to the above, the invention has been exemplified
using particular kinds of evaluations. As is obvious to a
person skilled in the art, the order in which such evaluations
are performed is not relevant to the present invention, and
the evaluations can performed in any order. For example, with
regard to the above example, an evaluation using e.g. a NOx
sensor can first be made, and if this evaluation indicates a
malfunction in the reduction the quality sensor can be used to
verify this, or as an indication of a possibly malfunctioning

NOx sensor and not a malfunctioning reduction.
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Furthermore, the above evaluations only constitute examples,

and any kind of suitable evaluations can be used instead.

Consequently, the general aspect of the present invention is a
method where any suitable function of an aftertreatment system
is evaluated through the use of at least two evaluations, and
where restrictions regarding vehicle performance are imposed
only when two independent evaluations relating to the same
functionality indicates a malfunctioning system. Consequently,
according to the present invention, a diagnostic trouble code
representing e.g. a malfunctioning quality sensor, or a
diagnostic trouble code representing e.g. a malfunctioning NOx
sensor, will not result in restrictions of vehicle performance
based on this trouble code alone, but further indications are

required to trigger a restriction.

Finally, the present invention has been exemplified for a
vehicle. The invention is, however, applicable in any kind of
craft, such as, e.g., aircrafts, watercrafts and spacecrafts.
The invention is also applicable for use in combustion plants.
Also, the aftertreatment system may comprise further
components such as one or more particle filters, one or more
oxidation catalytic converters as is known per se. It is also
contemplated that the aftertreatment system may comprise more

than one SCR catalytic converter.
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Claims

. Method for restricting work produced by combustion in at

least one combustion chamber (101), wherein an
aftertreatment system (130) is arranged for reduction of
at least one substance (NOx) resulting from said
combustion, wherein the work produced by said combustion
is restricted when there is a malfunction regarding
reduction of said at least one substance (NOx), the method
being characterised in:

- performing a first evaluation regarding the reduction
of said at least one substance (NOx),

- when said first evaluation indicates a malfunction,
performing a second evaluation regarding the reduction of
salid at least one substance (NOx), said second evaluation
being different from said first evaluation, and

- restricting work produced by said combustion only when
a malfunction regarding reduction of said at least one
substance (NOx) is indicated also by said second

evaluation.

. Method according to claim 1, further including:

- reducing said at least one substance (NOx) by supplying
an additive to an exhaust gas stream resulting from said

combustion.

. Method according to claim 2, further including:

- supplying said first additive upstream a first

catalytic converter (201).

. Method according to claim 3, said first catalytic

converter being a selective catalytic reduction (SCR)

catalytic converter (201).

. Method according to any one of the claims 2-4, wherein

one of said first evaluation and said second evaluation



10

15

20

25

30

WO 2017/074251 PCT/SE2016/051046

10.

11.

22

includes:
- evaluating the additive using a quality sensor (211),
said quality sensor (211) being arranged to evaluate at

least one property with regard to said additive.

. Method according to claim 5, said at least one property

being a chemical composition of said additive.

. Method according to any one of the claims 5-6, wherein

said evaluation of said supply of additive indicates a
malfunction when sensor signals from said quality sensor

(211) indicates insufficient quality of said additive.

. Method according to any one of the claims 5-7, wherein

said evaluation of said supply of additive indicates a
malfunction when said evaluation indicates improper

function of said quality sensor (211).

. Method according to any one of the claims 2-7, wherein

one of said first evaluation and said second evaluation
includes:

- by means of at least one second sensor (208) estimating
a reduction of said at least one substance (NOx), and

- wherein a malfunction regarding the reduction of said
at least one substance (NOx) is indicated when the

estimated reduction is below a first reduction.

Method according to claim 9, further including:

- estimating the reduction by comparing a presence of
said at least one substance (NOx) upstream said supply of
additive with a presence of said at least one substance

(NOx) downstream said supply of additive.

Method according to claim 10, wherein said additive 1is
supplied upstream a catalytic converter (201) and said

presence of said at least one substance (NOx) downstream
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said supply of additive is determined downstream said

catalytic converter (201).

Method according to any one of the preceding claims,
wherein said restriction of said combustion is a
restriction of the maximum power delivered by said

combustion.

Method according to any one of the preceding claims,
wherein said at least one combustion chamber is a
combustion chamber of a combustion engine in a vehicle
(100), said restriction of said combustion being such
that a maximum power of said combustion engine is
restricted and/or such that the maximum speed of said

vehicle is limited to a first vehicle speed.

Method according to any of the preceding claims, further
including:

- restricting said work produced by said combustion only
when a first period of time has lapsed since insufficient
reduction of said at least one substance (NOx) 1is

indicated also by said second evaluation.

Method according to claim 14, said first period of time

being at least one hour.

Method according to any one of the preceding claims, said

at least one substance being at least nitric oxides (NOy).

Computer program comprising program code that, when said
program code is executed in a computer, causes said
computer to carry out the method according to any of

claims 1-16.

Computer program product comprising a computer-readable

medium and a computer program according to claim 17,
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wherein said computer program is contained in said

computer-readable medium.

System for restricting work produced by combustion in a
combustion chamber (101), wherein an aftertreatment
system (130) is arranged for reduction of at least one
substance (NOx) resulting from said combustion, wherein
the work produced by said combustion is restricted when
there is a malfunction regarding reduction of said at
least one substance (NOx), the system being characterised
in means for:

- performing a first evaluation regarding the reduction
of said at least one substance (NOx),

- when said first evaluation indicates a malfunction,
performing a second evaluation regarding the reduction of
salid at least one substance (NOx), said second evaluation
being different from said first evaluation, and

- restricting work produced by said combustion only when
a malfunction regarding reduction of said at least one
substance (NOx) is indicated also by said second

evaluation.

Vehicle, characterised in that it comprises a system

according to claim 19.
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