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10

15

20

25h

WO 2015/195039 PCT/SE2015/050705

Method and device for determining amount of fuel
injected into a cylinder space of an internal com-
bustion engine

FIELD OF THE INVENTION

The present invention relates 1o a method and a device for the
determination of an amount of fuel injected, during a working cy-
cle with combustion, into a cylinder chamber of a cylinder in a

combustion engine.

BACKGROUND

There is a constant aspiration to achieve control of a combustion
engine, in such a manner that fuel used therein is burned in the
engine’s cylinders, while generaling a maximum amount of en-
ergy/fuel mass output from the engine and a minimum amount of
emissions. |t is important, in this aspiration, to have knowledge
of the amount of fuel supplied into the respective cylinders’ cyl-
inder chambers at the operation of a combustion engine. Infor-
mation about this may among others be used to conirol the injec-
tion nozzles’ opening times, in order to compensate for wear of
valves and production differences in injectors. With this knowl-
edge regarding all the cylinders of the combustion engine, it is
also possible to ensure thal substantially the same amount of

fuel is always injecied into the respective cylinders.

Prior art provides for a relatively rough estimate of said amount
of injected fuel, bassed on the flywheels’ derivative and the
change of the pressure in the accumulator volume at injection of

fuel in a cylinder chamber. However, it is not possible, based on
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these parameters, 1o calculate the amount of injected fuel with

the desired accuracy.

US 7 559 230 describes a method and a device for determination
of an amount of fuel injected, during a working cycle with com-
bustion, into a cylinder chamber of a cylinder in 8 combustion
engine. The document describes how a so-called knock sensor is
arranged on the combustion engine’s block, and the "knock” aris-
ing at combustion is measured. The high-frequency knock sensor
signals have an amplitude, which is dependent on the amount of
energy generated through the combustion in the cylinder cham-
ber and thus also the amount of injected fuel, but an extensive
filtering and processing of the measured knock sensor signals is
required to determine said fuel amount. This leads to a method,
which is both expensive and which leaves something to be de-

sired in terms of reliability.

SUMMARY OF THE INVENTION
The objective of the present invention is to provide a method and

a device, which are improved in at least some respect.

This objective is achieved with the invention as defined in the

enclosed claims.

Surprisingly, it has been shown that by detecting movements in a
cylinder head of a cylinder or in paris adjacent thereto in the en-
gine, generated by pressure changes in the cylinder chamber,
said pressure changes in the cylinder chamber may be detected
indirectly. Thus, e.g. the development over time of the gas pres-

sure in the cylinder chamber of the relevant cylinder in the en-
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gine may be derived religbly. The movements that may be de-
tected in this manner are generated by pressure changes in a
cylinder chamber (combustion chamber) and may, for example,
be vibrations, noise, i.e. gas movements, various types of shape
changes, such as protrusions, in said cylinder head or in adja-

cent parts in the engine.

By comparing these calculated pressurg changes with stored
pressure changes in the cylinder chamber during working cycles
without combustion, the amount of energy generated through
combustion in the cylinder chamber may be calculated, and
based thereupon the amount of fuel injected in the cylinder

chamber during said working cycle may be determined.

This is possible without any filtering of the measured signal from
said movements being required, since this will very well dascribe
the pressure change taking place inside the cylinder chamber
when the piston moves in the same, especially in the compres-

sion and the expansion strokes.

Since the amount of injected fuel may be determined with high
reliability without complex calculation algorithms, it becomes
possible to control the amount of fuel supplied and the status
over time of the injection nozzie's opening in the desired manner.
Through the innovative method it is also possible to detect that
combustion actually takes place in the cylinder chamber. Like-
wise, the time required for production calibration of a novel en-

gine type may be reduced.
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in one embodiment, a method is provided for the determination of
an amount of fuel injected, during a working cycle with combus-
tion, into a cylinder chamber of a cylinder in a combustion en-
gine. The method includes

- detecting movements in a cylinder head of said cylinder or in
parts adjacent thereto in the engine, generaled by pressure
changes in said cylinder chamber,

- calculating said prassure changes based on the result of the
detection of said movements,

- comparing the calculated pressure changes with stored dala
relating to pressure changes in said cylinder chamber during
working cycles without combustion, and

- based on said comparison, calculating the amount of energy
generated through said combustion in the cylinder chamber, and
based thereupon determining the amount of fuel injecied into the

cylinder chamber during said working cycle.

According to one embodiment of the invention, said movemenis
have a frequency of € 250 Hz, 0.5 Hz-250 Hz or 0.5 Hz-200 Hz,
which is detected. Thus, movements that occur with a relatively
low frequency are detected, and the basic frequency of variations
in the gas pressure inside said cylinder chamber, which is the
same as the combustion engine’s engine speed, lies within these
intervals, which e.g. may typically be 80 revolutions per minute
{1 Hz) for a marine diesel engine and as high as 12 000 revolu-
tions per minute {approximately 200 Hz) for an ofto engine in a
motorbike. By detecting movements within these frequency ar-
eas, information about the amount ot fuel supplied may be ex-
tracted from the information about the movements atiributable to

the pressure changes in the cylinder chambaer.
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According to another embodiment of the invention, the steps ac-
cording to the method are carried out tor several or all of the cyl-
inders in the engine. By carrying out the steps for determination
of the injected amount of fuel in all the cylinders of the engineg, it
becomes possible to, in an optimal manner, control the fuel injec-
tion in each cylinder o compensate for wear, potentially differen-
tially, in different valvaes and for production differences in injec-
tors. It also becomes unnecessary o have regard to the worst
cylinder in order to comply with applicable emission regulations,
and instead it becomes possible to operate all the cylinders in an

optimal manner, from an emissions point of view.

According to another embodiment of the invention, based on said
comparison, the timing of the start of a differential pressure
change determingd at combustion in the cylinder chamber is de-
termined relative to a working cycle without combustion, and
based thereupon the timing for the start of the combustion in the
cylinder chamber is determined. Thus, it may be verified whether
combustion starts where it is requested, and i nol, measures
may be taken to move the timing of the start of combustion to the

desired point in time.

According to another embodiment of the invention, based on said
comparison, the crank angle of said cylinder’s working cycle is
determined, at which a determined fraction, such as 5%, 10%,
50%, 90% or 85% of the tuel has been burned during the working

cycle in the cylinder chamber.
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The above mentioned objective is achieved, regarding the de-
vice, by providing such a device with the features in the charac-
terising portion of the enclosed independent device claims. The
discussion above about the different embodiments of the innova-
tive method identifies what may be achieved thanks to such a

device, and the advantages thereof.

According to one embodiment of the invention, the device is
adaptied to be arranged in an engine with a common cylinder
head for several cylinders in the engine, and the device com-
prises at least one said sensor element, adapted to be placed
and to detect and differentiate between movements derived from
prassure changes in several said cylinder chambers, and the de-
vice is adapted to determine said amount of injected fuel tor sev-

eral cylinders in the engine.

According to another embodiment of the invention, the device
comprises several said sensor elements adapted to jointly detect
movements generated by pressure changes in all the cylinder
chambers separately, and the unit is adapted to determine the

amount of injected fuel in all the cylinders of the engine.

The invention also relates to a combustion engine with a device

according to the invention.

The invention also relates to a computer program, a computer
orogram product, an electronic control device, and a motor vehi-

cle which uses the method and the device.
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The invention is not limited to any specilic type of combustion
engine, but encompasses Otto engines as well as compression
ignited engines, nor to any specific fuel, non-exhaustive exam-
ples of which may comprise fuel in the form of petrol, ethanol,

diesel and gas.

Likewise, the invention comprises combustion engines intended
for all types of use, such as in industrial applications, in crushing
machines and varicus types of molor vehicles, wheeled motor
vehicles as well as trucks and buses, and boats and crawlers or

similar vehicles.

Other advantageous features and advantages with the invention

are set out in the description below.

BRIEF DESCRIPTION OF THE DRAWINGS
Below are descriptions of an example embodiment of the inven-

tion with reference to the enclosed drawings, in which:

Fig. tais a schematic view illusirating a part of a combustion

engine according to one embodiment of the invention,

Fig. 1b shows an alternative possible placement of a sensor ele-

ment,

Fig. 2 is a diagram showing the development of the pressure
over time in the cylinder chamber of a cylinder in a com-
bustion engine according to the invention in case there is
no combustion, and in case of combustion, of fuel in-

iected into the cylinder chamber,
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Fig. 3 is a flow chart showing a method according to one em-

bodiment of the invention, and

Fig. 4 is a diagram of an electronic control device for the im-

plementation of a method according to the invention.

DETAILED DESCRIPTION OF AN EMBODIMENT ACCORDING
TO THE INVENTION

Fig. 1a illustrates very schematically a combustion engine 1 ac-
cording to one embodiment of the invention, which is here ar-
ranged in an implied motor vehicle 2, for example a truck. The
engine is equipped with a device 3, indicated with a dashed ling,
adapted o determine the amount of fuel injected, during a work-
ing cycle with combustion, into a cylinder chamber of a cylinder
in the engine. The device has sensor elementis 4, adapted to de-
tect pressure changes in the cylinder chambers 5 of the combus-
tion engine’s cylinders 8, which are here six in number, bul may

be any number.

More specifically, the device has a sensor element 4 per cylinder
6, and this sensor element is arranged separately from the asso-
ciated cylinder chamber 5, on the cylinder’'s cylinder head 7. The
sensor elements in this case consist of piezo resistive sensors
adapted, to detect pressure changes in the relevant cylinder
chambers, for example in the form of vibrations, generated by

movements propagated in the cylinder head,.

The device 3 also comprises a device 8, which may consist of the

vehicle’s electronic control device, adapted to receive informa-



10

15

20

25

30

WO 2015/195039 PCT/SE2015/050705

tion from the sensor elements 4 about the movements detected,
and based thereupon o calculate pressure changss generated in
said cylinder chamber during the combustion, to compare calcu-
lated pressure changes with siored data relatling o pressure
changes in said cylinder chamber at working cycles without com-
bustion, and based thereupon to calculate the amount of energy
generated through the combustion, and based upon the calcu-
lated energy amount to determine the amount of fuel which is in-
jected into the cylinder chamber during the relevant working cy-

ole.

it has been shown that, by arranging such sensor elemenis in the
manner described, so that they have the ability to detect move-
ments propagating in the cylinder head or in parts adjacent
thereto in the engine, derived from pressure changes in the cyl-
inder chamber, high quality signals may be obtained, which sig-
nals do not require filtering or further processing, or alternatively,
which require a simple filtering or processing to function as
measuring values for pressure changes in the relevant cylinder
chamber. The sensor elements are preferably adapted o detect
movements, which propagate in the relevant cylinder head 7 or in
parts adjacent thereto in the engine, with a relatively low fre-

quency, for example within the interval 0.5 Hz-250 Hz,

Fig. 1b shows another placement of the sensor element 4. The
sensor element is here placed on a section adjacent to the cylin-
der head. In this example, the sensor element is placed on the
engine, specifically on the engine block. The sensor ele-
menis/sensors 4 may be of a suitable type, e.g. piezo resistive or

piezo electrical elements or optical sensors. The sensor element
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may here be placed on the engine, in an area adjacent io the
cutiet of the exhaust channel from a cylinder. For example on a
surface on the engine block next to the outlet, on the engine, of
the exhaust channel from a cylinder. The surface where the sen-
sor 4 is placed may be substantially vertical. The sensor may be
arranged to detect movements, which are perpendicular {o the
movements of the piston. The sensor may alsoe be arranged (o
detect movements, which are perpendicular both in relation to
the piston’s direction of movement and in relation to the engine’s
longitudinal direction. In one embodiment, the sensor is located
on the engine’s long side. The sensor may be arranged to detect
movemenis in a direction, which is perpendicular in relation o

the surface on which it is placed.

in another embodiment {not displayed)} the sensor element 4 may
be placed in a corresponding manner as when placed on the en-
gine at the outiet of the exhaust channel from a cylinder, but in-
stead placed in a corresponding location on the engine, at the

suction channel’'s inlet to a cylinder.

The signal detected by the sensor element 4 may be treated in
various ways. For example, the following signal treatment steps
may be carried out. First the sensor’s electrical signal is entered
into a control device/signal treatment device. The signal is fil-
tered with a bandpass filter in order to remove supertluous infor-
mation, which does not belong to the frequency range around
which information is required. The signal is evened out by way of
filtering, averaging or by being replaced with one or several con-
tinuous function{s) with good likeness. Subsequently, the signal

is scaled, e.g. with the help of the correlation between pressurs
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and volume at compression. Subseqguently, (a) suitable part{s) of
the signal is/are transtormed to the pressure domain. Supple-
mental modelling closes gaps in the signal’s reliability, in order to
form a pressure curve. The thus formed pressure curve is used to
calculate different values alt engine conirol. In some embodi-

ments one or several of the steps above may be omitted.

Fig. 2 illustrates, in a diagram, the theoretical development of the
pressure P over the time t during a working cycle in a cylinder
chamber, partly without combustion in the engine 1 using diesel
as fuel during operation and working in four strokes {(suction,
compression, combustion and exhaust stroke), and partly when
such combustion takes place during the cylinders’ combustion

stroke,

it has been shown that it is possible to obtain a signal, with a
sensor element 4 adapted and arranged in the manner described
above, which with only simple processing (the calculation step b}
of the innovative method) will have an appearance that is very
close to the appearance of the pressure curves displayed in Fig.
2. The appearance of the displayed pressure curves may thus be
achieved with good accuracy from the sensor element, and via
the device’s 8 calculation. Thus, the pressure curve A, which
displays a working cycle without combustion, may be stored in
the device 8, and by obtaining the pressure curve B at combus-
tion in the cylinder chamber, the fuel amount injected into the
cylinder chamber may be determined. The fuel amount is propor-
tionate to the energy amount which is generated by the combus-

tion, and this energy amount may be calculated as the integral of
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the exira pressure increase that occurs through the combustion,

i.e. according to customary heat release calculation methods.

in addition to the amount of injected fuel, by thus obtaining the
oressure curves displayed in Fig. 2, the timing t, for the start of
combustion may also be obtained. The crank angle for various
fractions of burned fuel, e.g. 50%, may also be obtained. These
magnitudes may be the basis for control of the injector, for injec-

tion of fuel into the relevant cylinder chamber.

Thanks to the fuel amount diagnosis which may thus be reliably
produced, the control of various aggregates in the combustion
engine may be optimised. For example, the air inlet and the fuel
injection at the combustion engine’s operation may be controlied
based on this information. When the method is carried out in all
cylinders, it becomes possible to use the information to ensure
that the same amount of fuel is supplied at the same point in time
in the working cycle, and/or the same air surplus {lambda) in all
cylinders it this is desired. It also becomes possible o compen-
sate for wear in parts, and for production differences in injectors
at the supply of fuel, since a receipt is oblained, indicating how

much fuel is actually injected.

Additionally, it may be detected that combustion really does take
place, because the innovative method may naturally also be car-
ried out for a zeroc-amount of injected fuel, and a pressure curve
corresponding to the pressure curve A will then be calculated

based on the sensor element’s signal.
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Fig. 3 shows a flowchart illustrating an embodiment of 8 method
according to the present invention, for the determination of an
amount of fuel injected, during a working cycle with combustion,
into a cylinder chamber of a cylinder in a combustion engine. In a
first step S, movements in a cylinder head are detacted. In a
second step S, pressure changes are then calculated based on
said detection. Subsequently, in step $; the calculated pressure
changes are compared with stored data relaling to pressure
changes without combustion, whereupon in a fourth step S, the
amount of energy generated through the combustion is calcu-
lated, and the amount of injected fuel is then determined based

on this comparison.

A computer program code tor the implementation of a method ac-
cording to the invention is suilably included in a computer pro-
gram, loadable into the internal memory of a computer, such as
the internal memory of an electronic control device of a combus-
tion engine. Such a computer program is suitably provided via a
computer program product, comprising a data storage medium
readable by an electronic control device, which dala storage me-
dium has the computer program stored thereon. Said data stor-
age medium is e.g. an optical data storage medium in the form of
a CD-ROM, a DVD, efc., a magnetic data storage medium in the
form of a hard disk drive, a disketlie, a cassette, elc., or a Flash
memory or a ROM, PROM, EPROM or EEFPROM type memory.

Fig. 4 very schematically illusirates an electronic control device 8
comprising execution means 9, such as a central processor unil
(CPLU), for the execution of computer sofiware. The execution

means 9 communicates with a memory 10, e.g. a RAM memory,
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via a data bus 11. The control device 8 also comprises a data
storage medium 12, e.g. in the form of a Flash memory or a
ROM, PROM, EPROM or EEPROM type memory. The execution
means 9 communicaltes with the data storage means 12 via the
data bus 11. A computer program comprising compuler program
code for the implementation of a method according to the inven-

tion is stored on the data storage medium 12,

The invention is obviously not limited in any way to the embodi-
ment described above, but numerous possible modifications
thereot should be obvious to a person skilled in the area, without
such person departing from the spirit of the invention as defined

by the appendesd claims.
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Claims

1. Maethod tor the determination of an amount of fuel injected,
during a working cycle with combustion, into a cylinder
chamber (5) of a cylinder {8) in a combustion engine (1},

characlerigsed by

a) detecting movements in a cylinder head (7) of said cyl-
inder {6) or in paris adjacent thereto in the enging, gen-
erated by pressure changes in said cylinder chamber,

b} calculating said pressure changes based on the result of
the detection of said movements,

¢} comparing the calculated pressure changes with stored
data relating to pressure changes in said cylinder cham-
ber {5} at working cycles without combustion, and

d} based on said comparison, calculating the amount of
energy generated through said combustion in the cylin-
der chamber, and based thereupon determining the
amount of fuel injected into the cylinder chamber during

said working cycle.

2. Method according to claim 1, g¢haracierised in thal said

movements with a frequency < 250 Hz, 0.5 Hz-250 Hz or 0.5
Hz-200 Hz are detlected.

3. Method according to claim 1 or 2, gharaclerised in that

steps aj-d) are carried out for several or all cylinders (6) in

the engine {1).
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Method according to any of claims 1 - 3, gharaclerised in

that the detection is carried out in or on said cylinder head

{7}).

Method according to any of claims 1 - 3, characierised in

that the delection is carried out on the engine, in an area

adjacent to the outlet of the exhaust channel from a cylinder.

Method according to any of claims 1 - 3, characierised in

that the detection is carried out on the engine, in an area

adjacent to the inlet of the suction channel to a cylinder.

Method according to any of the previocus claims, character-
ised in that based on said comparison the timing {t;) for the
start of a differential pressure change, determined at com-
bustion in the cylinder chamber (5), is determined relative o
a working cycle without combustion, and based thereupon
the timing of the start of combustion in the cylinder chamber

is determined.

Method according to any of the previous claims, ¢character-
ised in that based on said comparison the crank angle of the
working cycle of said cylinder {8) is delermined, at which
crank angle a specitic fraction, such as 5%, 10%, 50%, 80%
or 95% of fuel burned during the working cycle in the cylin-

der chamber {5} is burned.

Device adapled to determine an amount of fuel injected, dur-
ing a working cycle with combustion, into a cylinder chamber

(5} of a cylinder (8) in a combustion engine (1), characler-
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12.

13.

17

ised in that it comprises at least one sensor element (4},
adapted to be arranged separately from said cylinder cham-
ber (5) on a part of a cylinder head (7} or on parts adjacent
thereto in the engine, and adapted to detect propagaling
movements, generated by pressure changes in said cylinder
chamber, in said cylinder head (7) or said parts, and a de-
vice (B) adapted, based upon measured data from the sensor
element (4) relating to said movements, to calculate pres-
sure changes generated in said cylinder chamber (5) during
the combustion, to compare the calculated pressure changes
with stored data relating to pressure change in said cylinder
chamber {5) at working cycles without combustion, and
based thereupon to calculate the amount of energy gener-
ated through said combustion, and based upon the calcu-

lated energy amount to determine said fuel amount.

Device according to claim 9, characlerigsed in that said sen-

sor element (4) is adapted to be arranged in or on said cyi-
inder head {7).

Device according to claim 9, gharaclerised in thatl said sen-

sor element {4) is placed on the engine, in an area adjacsanti

to the outlet of the exhaust channel from a cylinder.

Device according to claim 8, characterised in that said sen-

sor element {4) is placed on the engine, in an area adjacent

to the inlet of the suction channel to a cylinder.

Device according 1o any of claims 9 - 12, ¢characlerised in

that said sensor element (4) is adapted to detect movements
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with a frequency of € 250 Hz. 0.5 Hz-250 Hz or 0.5 Hz-200
Hz.

Device according to any of claims 9-13, characlerised in

that is adapted to be arranged in an engine {1}, which has a
cylinder head {7} that is common to several cylinders (68} in
the engine, and in that it comprises at least one said sensor
element (4}, adapted to be placed and to detect and distin-
guish movements derived from pressure changes in several
said cylinder chambers (5}, and that the device (8) is
adapted to determine said amount of fuel injected for several

cylinders in the engine.

Device according to any of claims 9-14, characlerised in

that it comprises several said sensor elements {4}, adapted
to jointly separately detect movements generated by pras-
sure changes in all cylinder chambers {5} of the engine (1},
and that the unit (8) is adapled to determine the amount of

injected fuel in all the cylinders of the engine.

Combustion engine, gharaclerigsed in that it comprises a

device {3) according to any of claims 8-15.

Computer program which may be downloaded directly o the
internal memory of a computer, which computer program
comprises a compuier program code in order 1o make the
computer control the steps according to any of claims 1-8

when said computer program is executed in the computer.
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20.

21.

19

Computer program product comprising a data storage me-
dium which is readable by a computer, the computsar program
code of a computer program according to claim 17 being

stored on the data storage medium.

Electronic control device (8) for a combustion engine (1),
comprising an execution means (9), a memory {(10) con-
nected to the execution means and a data storage medium
{12} connected to the executlion means (8), the computer
program code in a computer program acceording to claim 17

being stored on said data storage medium (12}.

Motor vehicle, characterised in that it comprises a combus-

tion engine {1} according to claim 186.

Motor vehicle according to claim 20, charactlerised in that it

is a wheeled motor vehicle {2}, such as a truck or a bus, or a

boat or a crawler.
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