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Method and system pertaining to control of additive supply in a vehicle exhaust
discharge system

Field of the invention

The present invention relates to exhaust cleaning systems of

vehicles and in particular to a method for supply of additive

to a catalytic exhaust cleaning process according to the

preamble of claim 1 . The invention relates also to a system

and a vehicle.

Background to the invention

Growing official concern about pollutants and air quality,

especially in urban areas, has lead to the adoption of

emission standards and rules in many jurisdictions.

Such emission standards often set requirements which define

acceptable limits for exhaust discharges from vehicles

equipped with combustion engines. These standards often

regulate, for example, levels of discharge of nitrogen oxides

(NO ), hydrocarbons (HC) , carbon monoxide (CO) and particles

from most types of vehicles. Requirements with regard to

heavy vehicles may for example be expressed in terms of

permissible amounts of emissions (measured in grams) per h

of engine power output .

The endeavour to meet such emission standards has led to

ongoing research in many fields, one such field being post-

treatment (cleaning) of the exhaust gases which arise from

combustion in a combustion engine.

A commonly applied way to post-treat exhaust gases from a

combustion engine is a so-called catalytic cleaning process,

so vehicles equipped with a combustion engine are usually also

provided with at least one catalyst. There are various types

of catalysts, since different types may be required for

different fuels and/or to clean different types of exhaust



components, and heavy vehicles are often provided with a

catalyst to deal with at least nitrogen oxides NO (nitrogen

oxide and nitrogen dioxide) by supplying an additive to the

exhaust flow arising from the engine's combustion, in order to

reduce nitrogen oxides NO (substantially to nitrogen gas and

water vapour) .

A commonly used type of catalyst, particularly in heavy

vehicles, is SCR (selective catalytic reduction) catalysts.

SCR catalysts use ammonia (NH3), or a compound from which

ammonia can be generated/formed, as additive for reduction of

nitrogen oxides NO . The additive is injected, upstream of a

catalyst, into the exhaust flow arising from the engine.

The ratio between discharges of nitrogen oxides N0 from a

combustion engine and the fuel consumption of the engine is

inversely proportional. This means that if the engine is set

to operate with greater efficiency (its efficiency being

influenced by, for example, injection angles and injection

times and fuel/air mixture) and hence with lower fuel

consumption, which is desirable from an economic perspective,

the combustion process results in greater discharges of

nitrogen oxides, with consequently greater requirements for

subsequent exhaust cleaning.

The additive supplied to the catalyst is adsorbed (stored) in

the catalyst, whereupon nitrogen oxides in the exhaust gases

react with the ammonia stored in the catalyst. However, the

catalyst's storage capacity will usually vary greatly with the

temperature prevailing in the catalyst. At lower temperatures

larger amounts of ammonia can be stored, whereas the storage

capacity at higher temperatures is smaller.

A sudden temperature rise in the catalyst, e.g. due to

increased engine load, with consequently higher temperature

for the exhaust flow, may therefore mean that stored additive



is released and is discharged into the vehicle's surroundings

via the exhaust pipe. However, such additive/ammonia

discharges are undesirable, and in many cases discharges of

this type are also subject to official regulations which also

set highest permissible levels for additive discharges.

In short, there is a need for an improved method, for control

of supply of additive to a catalyst, which overcomes or at

least mitigates disadvantages of existing solutions.

Summary of th invention

An object of the present invention is to propose a method

which solves the above problem. This object is achieved by a

method according to the characterising part of claim 1 .

The present invention relates to a method for supply of

additive to a catalytic exhaust cleaning process for cleaning

an exhaust flow from a combustion engine of a vehicle, which

vehicle has means for control of supply of additive to said

exhaust flow. The method comprises estimating an expected

temperature situation for said exhaust cleaning process, on

the basis of a representation of the vehicle's running

surface, and controlling said supply of additive on the basis

of said estimated temperature situation.

This affords the advantage that the amount of additive

supplied to the catalytic exhaust cleaning process can be

adjusted according to the temperature expected. The exhaust

cleaning process usually takes place in a catalyst, e.g. an

SCR catalyst, in which additive is stored in order to react

subsequently with substances such as nitrogen oxides in the

exhaust flow. Such storage is usually temperature-dependent,

and it is possible, by control of supply of additive on the

basis of expected temperature, for supply of additive to be

controlled to an optimum level.



This means that at low catalyst temperatures it is possible to

store large amounts of additive, allowing the engine to run

more fuel-economisingly (with greater release of nitrogen

oxides as above) without risk of undesirable discharge of

additive.

Temperature increase in the catalyst normally results in

substantial risk of undesirable ammonia discharge if the

catalyst's storage capacity is largely occupied at the time

when the temperature increase occurs. The present invention

makes it possible for the storage of additive to be kept

substantially as high as current catalyst temperature allows,

while at the same time allowing the level to be adjusted

according to expected temperature changes, with the consequent

possibility of avoiding undesirable additive discharges.

The expected temperature situation of the catalyst may be

determined by determining an expected temperature situation

for said exhaust flow.

The expected temperature situation of the exhaust flow may

also be determined by using said representation of the

vehicle's running surface to estimate the expected load upon

the engine, thereby making it possible to determine also the

expected temperature situation of the exhaust flow.

The representation of the vehicle's running surface may for

example take the form of data concerning a gradient of its

current running surface, the gradient of the road ahead and/or

data concerning the topography of the road ahead. For

example, the vehicle's current location may be used in

conjunction with said data concerning the topography of the

road ahead to determine an expected temperature situation for

a first period of time, e.g. the next x seconds, where x may

be any number between 5 and 600. The range may with advantage

be 30 seconds or more, since such a time margin is long enough



to allow plenty of scope for resetting from a first level to a

lower second or higher third level when the catalyst

temperature is expected to increase or decrease.

The amount of additive for supply to the exhaust flow as above

may also depend on, for example, the vehicle's weight. If for

example its weight is lower because of being unladen, a

smaller temperature increase is to be expected from increased

engine load than if the vehicle was laden.

Resetting from a lower level of stored additive to a higher

level may be effected by increasing the supply of additive.

Resetting from a higher level of stored additive to a lower

level may be effected by decreasing the supply of additive

and/or by taking one or more corrective measures as below.

When it is determined that a temperature increase is on the

way, the amount of additive supplied may be progressively

lowered, e.g. as a function of time, so that the amount of

stored additive decreases.

Resetting the catalyst from more storage to less storage may

also have to be effected quickly, possibly by halting the

supply of additive completely, whereupon exhaust gases flowing

through will consume stored ammonia. The resetting process

may where necessary be speeded up further by resetting of

injection times, injection angles and/or length of injection

periods and/or numbers of injections for the engine so that a

larger amount of nitrogen oxides is generated and is therefore

supplied to the exhaust flow, whereupon stored ammonia will be

consumed at a faster rate because of the higher concentration

of nitrogen oxides in the exhaust gases.

The rate of temperature increase, e.g. when the vehicle

reaches an upgrade, may also be lowered by temporarily

switching off one or more of the ancillaries with which the



engine is usually provided and which, when in operation, load

the engine and thereby raise the temperature of the exhaust

flow.

Further characteristics of the present invention and

advantages thereof are indicated by the detailed description

set out below of embodiment examples and the attached

drawings .

Brief description of the drawings

Fig. la depicts a power train in a vehicle in which the

present invention may with advantage be used.

Fig. lb depicts an example of a control unit in a vehicle

control system.

Fig. 2 depicts an example of a post-treatment system in a

vehicle in which the present invention may with advantage be

used.

Fig. 3 depicts the reaction rate for chemical reactions in a

vehicle catalyst as a function of the catalyst's temperature.

Fig. 4 depicts schematically the ability of a catalyst to

store additive as a function of temperature.

Fig. 5 is a schematic flowchart according to an example of a

process according to the present invention.

Fig. 6 is a flowchart according to another example of a

process according to the present invention.

Detailed description of preferred embodiments

Fig. la depicts schematically a heavy vehicle 100, e.g. a

truck, bus or the like, according to an example of an

embodiment of the present invention. The vehicle 100

schematically depicted in Fig. la has a pair of forward wheels

111, 112 and a pair of powered rear wheels 113, 114 (the

invention is also applicable to vehicles which have more than



one axle provided with powered wheels, and vehicles with more

than one rear axle) . The vehicle further comprises a power

train with a combustion engine 101 which is connected in a

conventional way, via an output shaft 102 of the engine 101,

to a gearbox 103, e.g. via a clutch 106.

An output shaft 107 from the gearbox 103 drives the powered

wheels 113, 114 via a final gear 108, e.g. a conventional

differential, and drive shafts 104, 105 which are connected to

said final gear 108.

The vehicle 100 further has a post-treatment system to treat

exhaust discharges from the engine 101. The post-treatment

may be any of the various types in which additive is supplied

to a catalytic exhaust cleaning process. In the embodiment

example depicted, the post-treatment system incorporates an

SCR (selective catalytic reduction) catalyst 201. The post-

treatment system may also comprise further undepicted

components, e.g. further catalysts and/or particle filters,

situated upstream and/or downstream of the SCR catalyst 201.

As mentioned above, an SCR catalyst is a post-treatment system

which requires additive in order to reduce the concentration

of nitrogen oxides in the exhaust gases from the engine. This

additive is often urea-based and may for example take the form

of AdBlue, which in principle comprises urea diluted with

water. Upon temperature rise, urea forms ammonia.

The post-treatment system is depicted in more detail in Fig. 2

and comprises not only said catalyst 201 but also a urea tank

202 which is connected to a urea dosing system (UDS) 203.

The UDS system 203 has, or is controlled by, a UDS control

unit 204 which generates control signals for control of supply

of additive so that desired amounts are injected from the tank

202, by means of an injection nozzle 205 upstream of the



catalyst 201, into the exhaust flow 119 arising from the

combustion in the cylinders of the engine 101.

UDS systems are generally well described in prior art, so

there is no further description here of exactly how injection

of additive is effected, as the present invention is primarily

concerned with a way of calculating suitable amounts of

additive for supply to the exhaust flow which makes it

possible for actual injection of amounts calculated according

to the invention to be effected accordingly.

Control systems in modern vehicles usually further comprise a

communication bus system consisting of one or more

communication buses for connecting together a number of

electronic control units (ECUs) , or controllers, and various

components located on the vehicle. Such a control system may

comprise a large number of control units, and the

responsibility for a specific function may be divided among

two or more of them.

For the sake of simplicity, Fig. la depicts, apart from the

control unit 204, only three further electronic control units

115, 116, 117. In this embodiment, the control unit 116

controls the engine 101, and the control unit 115 controls the

clutch 106 and the gearbox 103 (two or more from among engine,

gearbox and clutch may alternatively be arranged to be

controlled by one and the same control unit or by undepicted

other control units) . The control unit 117 is responsible for

a so-called look-ahead function described in more detail

below.

Control units of the type referred to are normally arranged to

receive sensor signals from various parts of the vehicle, e.g.

gearbox, engine, clutch and/or other control units or

components of the vehicle, such as the exhaust temperature

sensor 206 depicted in Fig. 2 . The control signals generated



by control units normally depend both on signals from other

control units and on signals from components. For example,

the control exercised by the control unit 204 over supply of

additive to the exhaust flow 119 will depend on, for example,

information received from, for example, one or more further

control units. For example, the control may be at least

partly based on information from the control unit 117 which is

responsible for the look-ahead function and/or the control

unit 115 which is responsible for the function of the gearbox

103, and from the control unit or units which control clutch

and/or engine functions, e.g. the control unit 116.

The control units are further arranged to deliver control

signals to various parts and components of the vehicle, e.g.

to means for control of the injection nozzle 205, in order to

control them. The present invention may be implemented in any

of the above control units, or in some other suitable control

unit in the vehicle's control system.

The control is often governed by programmed instructions.

These programmed instructions take typically the form of a

computer programme which, when executed in a computer or

control unit, causes the computer/control unit to effect

desired forms of control action, e.g. method steps according

to the present invention. The computer programme usually

takes the form of a computer programme product 109 which is

stored on a digital storage medium 121 (see Fig. lb), e.g. ROM

(read-only memory) , PROM (programmable read-only memory) ,

EPROM (erasable PROM), flash memory, EEPROM (electrically

erasable PROM), a hard disc unit etc., in combination with or

in the control unit, and which is executed by the control

unit. The vehicle's behaviour in a specific situation can

thus be adjusted by altering the computer programme's

instructions .



An example of a control unit (the control unit 204) is

depicted schematically in Fig. lb, which control unit 204 may

in its turn comprise a calculation unit 120 which may take the

form of substantially any suitable type of processor or

microcomputer, e.g. a circuit for digital signal processing

(Digital Signal Processor, DSP), or a circuit with a

predetermined specific function (Application Specific

Integrated Circuit, ASIC) . The calculation unit 120 is

connected to a memory unit 121 which provides it with, for

example, the stored programme code 109 and/or the stored data

which the calculation unit 120 needs in order to be able to

perform calculations. The calculation unit 120 is also

arranged to store partial or final results of calculations in

the memory unit 121.

The control unit 204 is further provided with respective

devices 122, 123, 124, 125 for receiving and sending input and

output signals. These input and output signals may comprise

waveforms, pulses or other attributes which the input signal

receiving devices 122, 125 can detect as information and which

can be converted to signals processable by the calculation

unit 120. These signals are thereafter conveyed to the

calculation unit 120. The output signal sending devices 123,

124 are arranged to convert signals received from the

calculation unit 120 in order, e.g. by modulating them, to

create output signals which can be conveyed to other parts of

the vehicle's control system and/or the component /components

for which the signals are intended. Each of the connections

to the respective devices for receiving and sending input and

output signals may take the form of one or more from among a

cable, a data bus, e.g. a CAN (Controller Area Network) bus, a

MOST (Media Orientated Systems Transport) bus or some other

bus configuration, or a wireless connection.



As mentioned above, the injection nozzle 205 is situated

upstream of the catalyst 201, which means that the additive is

supplied to the exhaust flow before it passes through the

catalyst 201. As also previously mentioned, urea is usually

supplied in the form of an aqueous solution which, when added

to the warm exhaust flow, vaporises, disintegrates, and forms

ammonia. It is then this ammonia which serves as active

substance in the chemical reaction in the catalyst 201, which

constitutes the actual cleaning process.

The ammonia formed accompanies the exhaust flow into the

catalyst 201, in which the ammonia molecules are adsorbed on

(become attached to) surfaces in the catalyst 201. The

catalyst 201 often comprises a large number of lamellae

intended to provide a substantial total surface to which the

ammonia molecules can become attached. When thereafter

nitrogen oxides N0 (in this description and the claims set out

below nitrogen oxides N0X comprise both nitrogen monoxide NO

and nitrogen dioxide N02) pass through the catalyst, nitrogen

oxide molecules react with the ammonia molecules adsorbed in

the catalyst.

The catalyst has to maintain at least a minimum temperature if

the catalytic cleaning process is to take place at all. In

the case of an SCR catalyst, urea only begins to vaporise at

200°C, which means that the reaction in the catalyst will be

very limited at lower temperatures. This is exemplified in

Fig. 3 , which illustrates how the reaction rate of the

reactions in the desired catalytic cleaning process varies

with the temperature T in the catalyst. The origin point of

the graph represents T=200°C and, as may be seen in the

diagram, substantially no reaction takes place at temperatures

below 200°C, and the reactions at higher temperatures are very



temperature-dependent. From the reaction rate point of view, a

high catalyst temperature is therefore desirable.

As well as the concentration of nitrogen oxides NO in the

exhaust gases varying over time, e.g. depending on the current

operating situation, the capacity of the catalyst to store

ammonia also varies with temperature.

This is illustrated in Fig. 4 , which illustrates how the

catalyst's ability Θ to store ammonia depends on the catalyst

temperature T . At lower catalyst temperatures, the catalyst's

ability to store ammonia is greater than at higher

temperatures. The catalyst's storage capacity Θ may for

example represent the amount of additive, e.g. in grams, which

can be adsorbed by the catalyst . As may be seen in the

diagram, this storage capacity is large at low temperatures

(here again the origin point represents T=200°C) but declines

exponentially with increasing catalyst temperature T . This

means that if, when the catalyst's storage capacity is fully

utilised, its temperature increases from a temperature T to a

temperature T2, it will at this latter temperature be over-

stocked, with the result that the difference in storage

capacity, i.e. Θ ι~ 2 , cannot be retained by the catalyst but

will be released from it and run out through the vehicle's

exhaust pipe.

Temperature increase in the catalyst thus entails a

substantial risk of undesirable ammonia discharges if the

amount stored in the catalyst is large. As previously

mentioned, like nitrogen oxides NO , ammonia emissions are also

governed by official regulations in many cases, so such

discharges are undesirable both environmentally and

regulatorily .

A commonly applied way of avoiding undesirable ammonia

discharges is therefore to store lower levels of ammonia than



are actually possible, in order thereby to diminish the risk

that undesirable amounts of ammonia might be released when

sudden temperature rises in the catalyst occur. This means,

for example, that what is stored at a temperature Ί is not the

amount θΤι but a smaller amount θ ' ·

The amount of ammonia needed in the catalyst is directly

proportional to the amount of nitrogen oxides in the exhaust

gases. Large amounts of nitrogen oxides require a large

amount of ammonia to enable reduction of nitrogen oxides to

take place in as optimum a way as possible.

One ammonia molecule is required for each nitrogen oxide N0

molecule if the desired reduction in the catalyst is to be

achieved. For the catalyst process to be effective, the

concentration of ammonia, and hence also the amount of urea

dosage, has therefore to be sufficient to match the

concentration of nitrogen oxides NO in the exhaust gases.

This means that a decrease in the amount of ammonia supplied

for storage at a certain temperature results in a

corresponding decrease in the reduction of nitrogen oxides NOx

in the exhaust flow. For example, the storage of ammonia may

be controlled to a level ' which causes, for example, a 90%

reduction, i.e. 90% of the nitrogen oxides NO present in the

exhaust flow being converted to nitrogen gas and water vapour

instead of, for example, a 98% reduction which would be

possible if the risk of sudden temperature rises as above was

disregarded.

However, the present invention proposes a method and a system

which make it possible to allow more storage of ammonia in the

catalyst while at the same time decreasing the risk of

undesirable ammonia discharges.



The present invention achieves this by using a representation

of the running surface (the road) on which the vehicle is

travelling as a basis for estimating how the temperature of

the catalytic exhaust cleaning will change over time. The

temperature of the catalytic exhaust cleaning may for example

be estimated by estimating how the temperature of the exhaust

flow arising from the engine at which the temperature of the

catalyst is altered by the exhaust flow passing through it

will change in, for example, the next 10, 20, 30 or 60

seconds, on the basis of a representation of the vehicle's

running surface.

Injection of additive can thus be matched with expected

catalyst temperature situations in such a way that the risk of

undesirable ammonia discharges can be diminished, since the

amount of storage can be decreased when a higher temperature

is expected. At the same time, the invention makes it

possible for more storage of ammonia in the catalyst to be

allowed in situations where the temperature is expected to be

substantially constant, with no substantial temperature

increases, thereby enhancing the effectiveness of SCR catalyst

use .

In accordance with a first embodiment example, data about the

road ahead are used to determine a representation of the

vehicle's running surface. For example, data from a look-

ahead (LA) function may be used to determine a representation

of the vehicle's running surface.

The LA function may for example comprise a road gradient

database provided in the vehicle, either for all of the roads

within a geographical area, e.g. a region, country, continent

etc., or for the road sections along which the vehicle is

normally driven. Combining these data with the vehicle's



location, which is obtainable for example via a GPS receiver,

makes it possible for the vehicle' s control system to know the

nature of the road ahead and then use these data in various

ways, e.g. for cruise control functions.

The LA function makes it possible, for example, to determine

whether the vehicle is approaching climbs which will result in

more load upon the engine and consequently higher exhaust

temperatures .

Alternatively, instead of being stored in a database in the

vehicle, road gradient data may be arranged to be sent to the

vehicle continuously or at certain intervals via some suitable

wireless link, in which case data transmitted may for example

be controlled by the vehicle's location at the time.

In addition to topographical information, road data may also

comprise information about speed limits, road bends etc.

These data may also be used according to the present invention

so that, for example, increased engine load due to

acceleration when the permissible vehicle speed increases can

be taken into account in determining the amount of additive

for supply to the exhaust flow.

In the present example, the LA function is implemented via the

control unit 117, and data from it can be sent to the control

unit 204 (or some other suitable control unit) for use in

estimating the temperature of the exhaust flow and the amount

of additive for supply to the exhaust flow.

According to an embodiment example of the present invention,

data about the road ahead of the vehicle are used, with or

without other vehicle data, to estimate how hard the engine

will work, e.g. for the next 30-60 seconds (or a shorter or

longer period such as from any number of seconds within the

range 1-5 to any number of seconds within the range 5-1000



seconds), along with the further possibility of estimating the

change in the temperature of the exhaust flow generated by the

engine within said period.

It is thus possible, by means of the LA function, for the

control unit 204 to, for example, determine in good time

before a coming climb, with consequent increase in the amount

of driving power needed, that there will soon be a need for an

increase in the amount of driving power, and also to calculate

relatively accurately the temperature which the exhaust flow

will reach, along with the further possibility of estimating

the warming of the catalyst and hence being able to control

additive injection on the basis of the estimated temperature

situation.

Similarly, even before the crest of a hill, at a point where

there is a relatively large need for driving power, the

control unit can already use data from said LA function to

determine that there soon will be less need for driving power,

with consequent lowering of the temperature of the exhaust

flow, making it possible for increased injection of additive

to begin at an optimum time for best possible utilisation of

the catalyst cleaning.

The information obtained by means of the LA function may be

used not only to predict that the vehicle will run in a

relatively static way with no substantial temperature

increases, but also to predict when substantial temperature

increases are to be expected.

Fig. 5 illustrates a regulating procedure according to an

embodiment example of the present invention. Step 501

determines a theoretical value representing the maximum amount

of additive which can be injected into the exhaust flow and

which substantially can at the same time also be stored in the

catalyst. This determination may be by means of a model of



the catalyst in which the model input data comprise:

- prevailing temperature T in the catalyst and/or in the

exhaust flow upstream of the catalyst, which may for example

be measured by the temperature sensor 206 depicted in Fig. 2 ,

- amount of exhaust flow, which may for example be measured by

means of an air mass measuring device 207, and

- a reference value X ef representing a desired degree of

reduction, e.g. the maximum possible degree of reduction,

which may for example be 98% but might also be higher or lower

depending on, for example, the configuration of the catalyst.

The catalyst model may for example take the form of a

mathematical description or one or more tables of additive

amounts for different values of a suitable number of

combinations of input signal values, e.g. various different

temperatures and various different flows. The table may also

comprise such combinations for various different reference

values .

This amount value thus represents the theoretically most

optimum value for supply of additive, but also the situation

which involves risk of discharge of very large amounts of

ammonia when temperature increases occur. Step 502 therefore

determines a limit value, e.g. 90 or 92% of the urea dosage

which is theoretically possible according to the catalyst

model. All this is as described above in relation to Fig. 4 .

Prior art then takes a step 503 which compares the respective

values determined at steps 501 and 502 and adopts the smaller

of them as the value for subsequent dosing via the injection

nozzle/dosing nozzle 205. The limitation introduced at step

502 thus means that in practice the dosage will always be

lowered to the level indicated at step 502.

In contrast, in suitable situations, the present invention

applies a step 504 to overcome the limitation set at step 502.



Step 504 estimates an expected temperature situation on the

basis of a representation of the vehicle's running surface, in

this example on the basis of LA/GPS information, making it

possible to determine whether the vehicle will, e.g. for the

next 25-30 seconds, travel statically (i.e. on a substantially

flat running surface) or downhill, in which case no exhaust

temperature increase is to be expected and more storage of

ammonia in the catalyst can therefore be allowed without risk

of sudden discharges due to temperature increases.

The determination effected at step 504 serves as a basis for

generating a value which may for example vary between 1 and a

suitably large or very large value, a large value being set if

no temperature increase is to be expected, and the value

determined is multiplied at step 505 by that determined at

step 502, whereupon the result arrived at at step 505 is

supplied to the selector 503. When no temperature increase is

to be expected, the parameter determined at step 504 may be

used to convert the value arrived at at step 502, which is

therefore normally lower than the value generated at step 501,

to a value which is guaranteed to exceed the value arrived at

at step 501, making it possible to effect optimum urea dosage

according to step 501 if no temperature increase is likely.

The determination at step 504 may be effected continuously and

may also generate a parameter which changes as a function of

time f (t) . Thus the parameter generated at step 504 may be

used not only to choose between the respective values

calculated at steps 501 and 502 but also to choose any value

between them.

When it is determined that a temperature increase is on the

way, the parameter generated at step 504 may be lowered, e.g.

progressively as a function of time, so that the maximum

possible storage limit takes effect again, decreasing urea



injection and hence too the storage of ammonia. A catalyst of

the type here concerned normally has a certain inherent

inertia which means that it may for example take 15-30 seconds

for the storage of ammonia to decrease to a desired level. If

the prevailing temperature is low and the amount stored at the

time is therefore large, it may take even longer, e.g. as long

as a minute, to reset the storage capacity to the new higher

temperature expected.

The point in time at which resetting of the catalyst commences

may therefore depend on the prevailing temperature at the time

and also on the temperature which the catalyst is expected to

reach within a certain time. However, an LA function may be

used to make an estimate for a relatively long period, making

it possible for adjustment to different temperature levels to

take place in good time and in the most effective way.

The temperature which the catalyst is expected to reach may be

determined by estimating how much the engine will work. This

determination may be based on, for example, the

length/gradient of a climb ahead. An LA-based solution thus

affords the advantage of allowing the nature of the vehicle's

running surface to be determined for a relatively long

distance, along with the possibility of very good regulation

of urea dosage.

The parameter generated at step 504 may be used to lower the

storage progressively to a desired level by progressively

decreasing the value of the parameter.

There are various possible ways of resetting the catalyst from

more storage to less storage. For example, the urea dosage

may be shut off completely, in which case exhaust gases

flowing through will consume stored ammonia. The resetting

process may where necessary be speeded up by resetting the

engine's injection angles so that a larger amount of nitrogen



oxides is generated and is therefore added to the exhaust

flow, in which case stored ammonia will be consumed at a

faster rate owing to the higher concentration of nitrogen

oxides in the exhaust gases.

Fig. 6 depicts an alternative embodiment of the present

invention. Step 601 calculates exhaust temperature/catalyst

temperature as a function of time on the basis of LA data.

This representation of the temperature is then passed to a

step 602 which corresponds to step 501 above and which uses

the estimated temperature in conjunction with the catalyst

model to continually calculate optimum amounts of additive

supply on the basis of expected temperatures, making it

possible for values determined to cater for and be adjusted

according to coming temperature increases/decreases.

It may also be advantageous to incorporate the vehicle's

equipment weight and running resistance in the above

calculations, since these parameters may affect how much the

engine has to work and hence the exhaust temperature which

will be reached. These data are normally already available in

the vehicle's control system, e.g. for use by the gearbox

control unit 115 when changing gear, and they can therefore be

supplied to the control unit 204 from the control unit 115.

Moreover, the invention is described above in relation to a

look-ahead (LA) solution whereby the vehicle' s location is

described together with altitude information about the road

ahead.

However, the present invention is also applicable to vehicles

which have no such LA information. An alternative way of

determining a representation of the vehicle' s running surface

is to determine a road gradient, which may for example be

obtained by means of a gradient sensor. This road gradient is

then used, preferably in conjunction with information about



the vehicle's equipment weight and running resistance, to

estimate catalyst temperature changes. These data are

normally already available, at least in the case of a vehicle

with automatic gear changing, in its control system, since

they are used by the gearbox control unit to enable it to

effect gear changes without jerking or undesirable wear in the

power train.

The running resistance is a total representation of the

resultant of the forces acting upon the vehicle during

operation and may be calculated from knowledge of the

vehicle's speed, the engine's driving torque, the vehicle's

configuration and other relevant data.

The running resistance may also be used as a representation of

the road gradient.

Alternatively, the gradient of the vehicle's running surface

may be determined by means, for example, of any from among

inclinometer, accelerometer or gyro.

On the basis of the representation of the running surface in

the form of running surface gradient, these data make it

possible to estimate an engine power output offtake and also

to estimate the temperature in the catalyst. This solution

makes it possible to use a slower form of regulation whereby

the limitation introduced at step 502 can for example be

overcome in situations such as when the engine load has been

the same for a certain time, e.g. 30 or 60 seconds, in which

case the vehicle may be regarded as being on a relatively

uniform section of road, before the parameter at step 504 is

set to a value which causes injection of a larger amount of

additive.

This solution means that a shorter resetting time to decrease

the amount of stored additive is available when the running

resistance increases, in which case the resetting may entail



having to shut the urea dosage off completely while at the

same time injection angles are reset so that large amounts of

nitrogen oxides are generated and are supplied to the exhaust

flow for faster consumption of ammonia and conseguently less

risk of undesirable ammonia discharges when the temperature

rise occurs.

Vehicles of the above type may further comprise one or more

ancillaries driven by the engine, e.g. AC compressors, air

compressors, fans etc. The vehicle may also have external

ancillaries powered by the engine via power take-offs e.g.

cooling units in refrigeration vehicles. When a temperature

rise is on the way, such ancillaries may, if possible, be

switched off to reduce the engine load and therefore diminish

the magnitude of the temperature rise, making it possible to

decrease the risk of undesirable discharges when resetting the

storage capacity of the catalyst.

Thus the present invention makes more storage of additive

possible while also allowing the engine to generate a

corresponding increase in nitrogen oxides, with consequently

lower fuel consumption.

It is also possible for an NO sensor 208 to be provided on the

exhaust flow leaving the catalyst, i.e. downstream of the

catalyst, in order to provide measurements of the exhaust

content after cleaning. For example, the NO sensor 208 may be

used to enable the vehicle's control system to detect

faults/malfunctions in the post-treatment system. The N0

sensor 208 may also be used to verify that additive supplied

has desired effects.

A factor which may affect the determination of amounts of

additive for supply to the exhaust flow as above is the

vehicle's weight. For example, if through being unladen the

vehicle has a relatively low weight, the limitation introduced



at step 502 may be overcome because the relatively low weight

results in lower exhaust temperatures, since the load upon the

engine need not be as great as, for example, in the case of a

heavily laden vehicle.



C M S

1 . A method for supply of additive to a catalytic exhaust

cleaning process for cleaning of an exhaust flow from a

combustion engine of a vehicle, which vehicle comprises

control means for control of supply of said additive to said

exhaust flow, characterised in that said method comprises :

- estimating an expected temperature situation for said

exhaust cleaning process, on the basis of a representation of

the vehicle's running surface, and

- controlling said supply of additive on the basis of said

estimated temperature situation.

2 . A method according to claim 1 , in which said expected

temperature situation for said exhaust cleaning process serves

as an expected temperature situation for said exhaust flow.

3 . A method according to claim 1 or 2 , further comprising

estimation of the engine's expected load on the basis of said

representation of the vehicle' s running surface, said expected

temperature situation for said exhaust cleaning process being

estimated on the basis of said engine load.

4 . A method according to any one of the foregoing claims,

further comprising, when the amount of additive for supply to

said exhaust cleaning process is set to a first level,

lowering of the amount of additive supplied to a second level

which is lower than said first level, when an increased

temperature for said exhaust cleaning process is expected.

5 . A method according to any one of the foregoing claims,

further comprising, when the amount of additive for supply to

said exhaust cleaning process is set to a first level,

increasing the amount of additive supplied to a third level

which is higher than said first level, when an decreased

temperature for said exhaust cleaning process is expected.



6 . A method according to claim 4 or 5 , in which said first

level represents a desired degree of reduction of at least one

substance in said exhaust flow.

7 . A method according to claim 6 , in which said substance

takes the form of nitrogen oxides NO .

8 . A method according to any one of claims 4-7, in which a

decrease in the amount of additive supplied begins when an

increased temperature for said exhaust cleaning process is

expected within a first period of time.

9 . A method according to any one of claims 4-7, in which a

decrease in the amount of additive supplied begins when said

estimated temperature exceeds a first value.

10. A method according to any one of the foregoing claims, in

which said vehicle further comprises a catalyst, said

catalytic exhaust cleaning process is effected by means of

said catalyst, and the method comprises determining an

expected temperature situation for said catalyst.

11. A method according to claim 10, in which said expected

temperature situation for said catalyst is determined on the

basis of determining an expected temperature situation for

said exhaust flow.

12. A method according to claim 10 or 11, in which said

amount of additive for supply to said exhaust cleaning process

is determined at least partly on the basis of a model of said

catalyst.

13. A method according to any one of the foregoing claims, in

which said representation of the vehicle's running surface

takes the form of data concerning a gradient of the vehicle's

current running surface, the gradient of the road ahead of the

vehicle, and/or data concerning the topography of the road

ahead of the vehicle.



14. A method according to claim 13, in which a gradient of

the vehicle's current running surface is determined by means

of control signals to and/or from the engine, and/or on the

basis of the vehicle's running resistance.

15. A method according to any one of the foregoing claims,

which further comprises effecting said determination when said

vehicle is in motion.

16. A method according to claim 10, in which said catalyst

takes the form of an SCR catalyst.

17. A method according to any one of claims 1-16, in which

said additive at least partly takes the form of urea and/or

ammonia .

18. A method according to claim 4 , in which resetting the

catalyst from more storage to less storage is effected of one

or more of the following:

- decreasing or shutting off supply of additive,

- resetting of injection times, injection angles and/or length

of injection periods and/or number of injections for said

combustion engine.

19. A computer programme which comprises programme code and

which, when said programme code is executed in a computer,

causes said computer to apply the method according to any one

of claims 1-18.

20. A computer programme product comprising a computer-

readable medium and a computer programme according to claim

19, which computer programme is contained in said computer-

readable medium.

21. A system for supply of additive to a catalytic exhaust

cleaning process for cleaning of an exhaust flow from a

combustion engine of a vehicle, which vehicle comprises



control means for control of supply of said additive to said

exhaust flow, characterised in that the system comprises:

- means for estimating an expected temperature situation for

said exhaust cleaning process on the basis of a representation

of the vehicle's running surface, and

- means for controlling said supply of additive on the basis

of said estimated temperature situation.

22. A vehicle characterised in that it comprises a system

according to claim 21.
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